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A Summarized Report on
Taiwan Fish Culture Research Supported by
Rockefeller Foundation Grant Funds for the Period
 :1966-1969

In 1966 the Rockefeller Foundation approved a grant of US$150,000 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 administration 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 investigated, and it is hoped that when the potential
yields from photosynthesis in all these inland waters are roughly knowr, 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
1.2

1.3
1.4
1.5
+1.6
1.7

1.8
1.9

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

Determination of primary production, bottom algal standing crop in
different seasons in relation to milkfish yield

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

Ecology of milkfish feeding

Pure culture of bottom algae and comparative study on the value of
different algae as feeds to milkfish

Study of algicides and Chironomid control

Study of yellow water causes and remedies .

2. Shrimp and grey mullet propagation and culture

21

2.2

3.1
32
33
3.4
3.5
3.6
3.7
3.8
3.9

4.1
4.2

Experiments on artificial propagation of Penaeus japonicus, P. mono-
don and Metapenaeus monoceros and grey mullet
Shrimp feeding experiments and physiological and biochemical research

Freshwater pond culture

Pure culture of freshwater algae and feeding experiments

Taxonomic study of freshwater algae

Mineral nutrient dynamics and fertilization in ponds

Feeding habits of Chinese carps and grey mullet

Fish genetics and breeding study

Primary productivity in ponds and -lakes in relation to fish yield
Ecological study of fish fry rearing

Determination of optimum conditions for culture of Chinese carp spawners
Fish parasites and diseases

Opyster culture

Experiments on hangmg and long line methods of culture
Enemies, pests and diseases of oyster

4.3 Opyster seed production experiments
5. Eel culture

5.1
5.2
53

Eel nutrition and mixed feed study
Water conditioning of eel pond studies
Elver distribution and production survey and rearing experiments

R



6. Gracilaria life history study and culture experiments
Facilities and Staft’ 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. monodon 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 CO,, trace elements,
vitamins and soil extracts are essential for algal growth i witro, the
application of inorganic fertilizers rich in N-P-K to ponds did not
result in milkfish production increase. However, SiO, application did
boost milkfish yield. Experiments on pond fertilization still continue.

1.3 Primary productivity and milkfish yield -
The relationship 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 CO, 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 milkfish 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.

1.10 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, F. monodon

and Metapenaeus monoceros -

Dr. 1. C. Liao, T. L. Huang, C. C. Hsieh and K. Katsutani are responsible
—_ 4



2.2

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.

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

3.1

3.2

3.3

s
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 thé 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).

Taxonomic study of freshwater algae -

A monograph of freshwater algae in Taiwan is under preparation.
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.
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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 bas 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 mossambica in
freshwater ponds.

Oyster culture

Y. S. Lin studied oyster seed collectlon and hardenlng 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.

Eel culture

5.1 Eel feeding experiments -
Y.S. Lai and Y.Y. Su of the Taiwan Fisheries Research Instltutc
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/m? in static water ponds is optimum.
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 Gracilaria ponds.
Dr. Y. M. Chiang, R. G. Yang, M. N. Lin and T. L. Li are responsible for
this study.
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Artificial Propagation of Grey Mullet, Mugil Cephalus Linnaeus

B o= &
(1969467208 % 32)
By I-chiu Liao*

Research Fellow, Rockefeller Foundation Fish Culture Research Program

Summary

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 cm long™. 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 cm long
are caught from river mouths and estuaries along the west coast during the period
from December to March. The annual 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 loss 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. This 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

* i 4 EEAALR “BAATEMEFRE » HERA BRECERMER RS » KEM
EHAPRTE » EEAEEEnRRI AR ERESER KRR RIS R —
A (EEE) Fb6A o

* 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, 1. H.
“Tung of the Institute of Fishery Biology, National Taiwan University, and C. P. Hung and L. 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%, and water temperature of 21°C, fertilized eggs took
60-65 hours to hatch, but higher water temperature up to 24°C 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%, 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.

Bfa (Mugil cephalus Linnacus) SEEEEMMARY — B ABIAREI~ER
s BBE 42~45 RAETEZ RAY  £7EINCBEETEE RS ERE g - RRTERES
T BRI ARNE o HIENZMEBREL  BERERERFRFIVHE - ZRAET
FEiRAR12 A 23 AR EERB YK 2 Rl » SFERN 600~700 R » REFrEKEL
POKMSEE TR » BNVESCERKEAE I EFEL AEBRER » M R RFREEnE
E BRI ) BB RER R B MEE R o AR LIRS EEE » KEER
2 BRABASHEEIRER > EEAEEIHEE  RTERBEMATEMTAREHEAS
2 ERNER » BREISIE (1963) ) B@KEREREALR “RAATEERIR” » RESK
RENEE > EEERURREHEEBATEEARTIE 2 2% BHERA* o BERIEF
BAE ) BEATEFE RN AEEELRZAY ©

HRARFRBRNRBS T4 L B RELH » R B R R S B R rh 2 FR L O IR
HE TR SRR IR 47 AHEI0R » HEREENRARAEBRA/DZLIASKLLA
4 o WIHAXABR BT KB ERMEMT ¢

1. #RZF &

BARETIEAR HEEET S WBMRIY » EERR R Ry B
BHIO0X A5 2 MIBAER (SR HERI~IR  AREHKI A > WHAHLL AR
* 5628 (1967) BIAAR » SBA T E 2 R B —48 o
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s RESEREE R o

it (plate I1, fig. 1) JL{FRS4EY » (HSEIP AT » bk L BIRE AR 2 4255 »
AR 1 AR BIRAX6 AR ZEHFHEMN T o AKIBEE KSR TERAIMESY104
RZERAVARE » BLSEAZERMK (B0AF/4) » L0k » 642, SN mEBmeE
41 gk o :

BRSEEIRM BB R 4 FRERFTERIT 2 T 9 9 0 STRRRASELES L/
BERPTES 1 61 > TR 2 24/ NERITE 260 ) BERZHESES 25~4 EEAITE » B4
10~35 REEMEMERIEEFES (Synahorin) o B4} » HEFE AN 150~300 mg HEHE
- f B EAREARESHE 10 58R 100 ppm £B3K (Aureomycin) A LIS o

LR BESERAR T IARTE o (ERFAESHAKEERERALS » HEREE
wWEkiE (plate 11, fig. 2. 3. 4, ERI6AS » BE 05 HE) o MASEH 1~3 AR (plate
IL, fig 2. ER40A4S) REH > TE—ESMTOEREY » S KEEEREEA > &
BRI NS HEENEE ;. EAREIES TR o

ST IEE R ERAR RIEKRFAR » MSE UEESBES B KT E R
HKETE ERE \

PR VB EIER ) O HIBLE - B AUKE REEEYES o

2. # %

B R plUAECHEZFIATHHEEAZRE > LHIBHRKIIHUEIRAF IR (BE
17~3.0 AF » 88F 53.0~635 A4) o Hgn table 1 BiR» HRBEABAZET RRET

Table 1. The response of spawner to hormone treatment.

| Ovulating but not hatching ? Non-ovulating Mistaken
. Hatch e : : N
Reaction Fertilized | Responsive Injured in sexual
out I;Ta:ura’lrlly without 1‘UnfertilizedJ but not " in Non- selection
| SPAWIING | (leavage | | spawning | viscera | TCPOmSIVE
|Number of| : } \
treated " 3000 2 6 8 4 2 ‘ 3 2
spawner ! i i J |
% Lo10 6.6 ] 20 " 264 I‘ 13.2 E‘ 6.6 } i0 6.6
i | ‘ -

EHUR » BRI 2 B o —RAC > LR B R MEICE B b AR AR » ZEREIRER
$0R T R B NER o |

BEREE 4 table | fi o HUEARHRER 30 REATEHIMEEAI0R » 1
EIH Y AEEOR » BITEIREALE o DURHISAZ IR » BATESIfmZ BOUKL B 18 R M
Mzl Rat 5 Ry SR MERT RIS table 2 Bis o METa » BANABIER
2 KRS ETIE » AR SREGRE MG o BEKRRAYEY » LEARSEEREET
FITR SR TERE R Hle » {6 s VR BRARAT T HSE AR o W T T 4516 BB 34/ s
TR > TOHEHZ S SRB ) DU SRR A T T ST SS e B D AR T
HRE o ERERIFMES » HEAS  ® O REMYUEAHARLE o

$ B ASELEERREET ™Y RO R R P A
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Table 2. The response of spawner to hormone treatment,
ovulation and hatching.

InJcct1on Ovulation \ Hatching Ovulatlng }
Indivi- | -—- -- - je————— Fert ———— time after |
dual Ist. inj. an inj. ‘ receiving | Remarks
No. [ov | ——| Date ' % | % Date | % [the mmal;
\ Date | Dosage | Date | Dosage ‘1 ] z injection
' | | | | | \Under W. T. 23-
i‘ i ‘24°C, S. 32.3%,
hatch out within
Dec. Deec. 2P. Dec. \ ’ Dec. $
Lo26 fose| 27 |29 10— 3L 8 b ?grhﬁurga?f;d live
15:15 16:00] 10 RU. 1:10 3:0 ‘ Ovulate again at
[ ; 13:35, but un-
‘ | ! | ‘ fertxhzed.‘
— t ! — — ! o - B e —
\ tp | | L ; Under W.T.21°C,
Jan jogy, | Jan | 25 P Jan Jan. S. 34.1%, hatch
2 1 2 + 3 130 | 25 6 \ — | 52 hrs, ]out within 60
16:00 150 V.E. | IS 1510 RU. * 20:30 7:00 | ! hours and live for
‘ i ‘ | 13 days
j T‘ i T i L Naturally spawn-
| ‘ } ; : -ing at 10:00, Jan.
! | ‘ 7, immediately
! i ‘ . | artificially  ferti-
i Jan. 'lized and about
]an 1.3 P jan 2P Jan. . . ;
3* \ + + |7 ,100‘ 9 | Jag‘oolo 80 47 hrs égtxlo* cggs are
11 30110 RU.| 9 30 S 20RU. | 10:00 | i 3~4:00\ ; Under W. T. 23-
i l ; 24°C, hatch out
! 1 | within 44 hours,
o ! while W. T. 21°C,
| \ " E \ T‘ ] 65 hours.
Jan. 1.5 P. \ Jan [ 2 P | Jan. ! 1 ; ‘Naturally spawn-
4 7 9 100] — — — ¢ 43 hrs. ing in aquaria.
F11s 45 15 RU 8: 0() | 20 RU 6~7:00 . i !
_]an E 1 5 P jan B 2 P Jan. \ ! i | Ovulate partlally
5 18 + 19 + 20 |20 \ — — ‘ — 34 hrs. | but unfertilized.
& 1700 15RU | 1320, 20 RU. l 335 0

P: Puultary of mullet (pieces)
RU: Synahorin (Rabbit units)
V.E.: Vitamin E. (mg)
*: Sterilization with 100 ppm Aureomycin solution.

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

‘ Body length | .
Time after | Total (The basic Eye Yolk sac Oil globule \ Number
hatching length | region of dxamcter‘ Length | Height | Length | Height of
. (mm) | dorsal fin) | (mm) | (mm) ! (mm) |

(mm) | (mm) 1 specimens

The first day 3.0906 | 05436 02167 ' 1.0062 03636 = 0.3438 ' 02833 ! 10
The fifth day 33804 06822 | 02808 0 0102952 | 0.2376 | 10
The eleventh day 32904 0.6840 | 0.2952 — — 00792 | 0.0684 ' 6
The fourteenth day | 3.4740 i 0.6660 ’ 0.3240 - - 0 0 2
The thirtieth day | 10.0000 20000 | 09720 1 — |  — — - 1

{ i
i
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PLATE 1

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 comparison of natural fingerling (upper) with artificially propagated fingerling
of present work (lower).
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PLATE II

Explanation of Plate II

- Aquaria for spawner.
Hanging net for hatching in running water system.

N —

3. Indoor hatching—rearing plastic tank. Fig. 4. Heating apparatus.
5. Larva and oyster larvae. Fig. 6. Discharging oyster larvae from anus.
7. Swimming larva. Fig. 8. Scales of the larva of 1.0 cm body

length.
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Fig. 1 Water temperature and salinity during raising period.

* WIEEER AN TR R RA R o
16 —



L IRKKAE » BKRIRESA (3.0X3.3x08 AR) ki » HAEHEE 6 KRR LER
RESICEEIRAHIET » R+ BRERSHI6K » SRETHR IREEHIK

BEHREBE 1 A4% + B 0.5 BB KR B TE KA 3,000 RTEIER o 3
i~ BS B fig. | FioR o EPISERRIASKES  $ 15 K BETAR
RS IER  EEE (Nitrite-N)* i8ths—8 > S MEAEK » HEABES26%,
£ o EIRY AL M —TERE » BEREHR > TifEw/8EM (plate I1, fig. 6, 7)o
I TR IR » BBV » 7 P SRR » SEEDS: BIRIERE (Plate 11, fig. 4) 4K
fER  EERRGAGHE » BERR RAGATBREKIE LTI 55 30 K hsee -
WAHRME “Pin-head” JRAE » FREFEBEEHLERIRAE FFEL: o

B » BREEE PIRES Y AF R » BIWEREE 600~1,400 lux PR BRI
St o AR B TARRYATHAS » RTAMABERATIRS ek

3. # #

BAZEMKAEERTA » FEUE 2 2 0 Ry REEE » DMRRTROME » hosE
KL T 1 M AR Y » SUTRRIR B  HOERA LSBT D o _
| EESEESAEESRIEE tble 1 FRRS2EL 63% » ERELAEIEE2YY
10% > B BEEEDEES A THE B - IPEASEREELE o R8> EFEERE
UBHBHIERSE  BAREZIRSEE TS RGNEA RS RS L o
KPR B § BEREEEE AR T BRI R AR Y RS o B AefThHE
’&ﬁﬂiwpwn%@§ﬁ¢wﬁﬁ M?ﬁ&?ﬁ%ﬁ%%@ﬁwm%@%ZE o (R i E
—FHRE
- RMEHE %&ﬁuﬁm&mﬂﬁﬁﬁﬁ%ﬁ#% R 2 AR 2 301 > O LA
3 80 25 E » TRBEMM LRI o BT ELS SIS R P B4R 4 A TORE o et
KA CEERR » SRS 2 £5 0 RSN ET T MR SR ID 2R TS © R
) BRI SIS T RERASE o HANE T DL Tetracycline®* st DUBEAEES 15%, DUFZ K
BHk o ERE B ~ i~ BEEHENE (BIENRHE - %@mﬁ@)%ﬁﬁﬁﬁﬁA&‘
A '

SR SR BB R KRB R > BRI S B ﬁ%&%ﬁ%wz@ﬁAﬁgﬁ 
BRTRBETRE o HARREEHRARMHTEE HA L o WEREAE 2 A RIRMLE
R N2 RHERREERAE B KRBT 2 E o BT E—SRRLSAR
BABEY BIR > MR SRS KEERE B RE AT B BEEEEER ) 1T~y
) REERERORIN RN B MR TEE1T% 0 78 SRR by S AR
BY o RRILEEE » AR TARIEERNAELDACBREYC 7K 0 R TR % o
F—RRE WA RE » BB AZ REZS NG o SRNAIMRY 30 RKTRE
L0 R L1 ASEERY 2 RTVBRE » HESE LY fig. 1 FTR o ZEHBERYRIE 71
B M BIEE RS R TR AR R  BIRPBI AR RS REE > #
BRFHHBIERE » REHET M o xﬂmmmé%Nf§%%§’mma%§w%:&&w%

- * B G. R. SiEEHARE o
o R TR /MEZ B R DL Tetracyclme 2 ppm EP AR o

—_17 —



SRR (plate 1L, fig. 4) » ELHAENBEAREER » SRR E R T H gk
2o BRIEE DI A 30 KT o e RMRE » TR TR © BEMBREREERSE
3,000 » TR 10FHFES: » SUTRERERZ AR o HIBLI82 7 FRAKIP IR A 6
RAEESRN (plate IL, fig. 5.°6) » fnEME > B ™ ® SATIMATIRZ RSB »
@%&?ﬁﬁﬁﬁﬁﬁﬁﬁﬁ@]\#ﬁ IR R 2 AR 0 HERY R 0 R > RMEREERRE
» HAROKE 2888 o Kok » MBS » BiaTREZEHS  HEIVMITERAHE
fo B FENTEEREEEN MR TERARBE A EEEEN TREEN o 725
BB > RitGRESEREIREEF SRR BB B HATMEIEAKRIER ST » DA
EELEETEHER—RE2E4 o 8B4FE L HBRIEBERNERE S EERER
#eje# (Copepoda) T EERER o MM TR L2 BRI AERIREY » BHIESER » X
MEDARME » TR FEEEEF R e FRABETNAEE » SRERIRATES
REEETYE o Wi > BT HREKE » M EES S (plate 11, fig. 4) » e BftEz B »
B SFENEERE » SR T/KBEZEEA—TR RS AL BEE o 3R B RBRREK
# (plate IL, fig. 2. 3, 0.5 WER) > E{IABLRE » ZRIABMLZ R o EREE P 2ITHI:
EAHBEB - ERTEZPE  YAZHEFALEREEZIRETEIE c REEFATS
B SRR KE 2 R SRR L B PR L AR B BRI L R B — B
HEEEM o RARERESRZEKIFEETUTEETERYN » 4R EERN I EERE
BRBATIBGENT » B AEREYC K o

fn fig. 2 BiR o IR(GHIRE » G2 BEAEIIEEERZRD Y HkYRZEE &
FMEBRISKACITHEER » MR REF FRREFNRE » BFE3RBAATEERAB IR

&
C
0 & ’ .
- e [ ]
Total 10:
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Fig. 2 The growth of larvae in relation to food.

¢ The first time of mullet artificial propagation®.

: The second time of mullet artificial propagation®>.
¢ The third time of mullet artificial propagation®.

: The present time of mullet artificial propagation.

: Oyster larva

: Rotifera

: Copepoda
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General features of water quality and biological aspect of some

freshwater fish ponds in northern Taiwan
;S X *x
KRB RE LR
By Wen Kuang Liaw

Department of Zoology and Institute of Fishery Biology, National Taiwan University

English Summary

This report summarizes the results obtained in the past three years of studies on the
chemical and biological conditions of some freshwater fish ponds in northern Taiwan.
Several conclusions may be drawn in relation to problems of fish pond fertilization.

1. In determining the fertilization rate of superphosphate to certain fish pond, it is
important from economic point of view that one first considers the amount of phos-
phorus already existing in the pondwater and in the inflow water, and the chemical
characteristics of bottom mud as well.

2. Under existing pond conditions, phosphorus content of pondwater between 0.05
and 0.2 ppm seems to be sufficient for the thriving of phytoplankton. If sufficient amount
of organic matter is present in the pond to serve as carbon source for the need of algal
photosynthesis, phytoplankton bloom can be easily maintained for a long period of time.
Therefore, application of suitable amount of organic fertilizer seems to be needed from
time to time,

3. Under present pond conditions, application of nitrogen and silicon fertilizers
seems unnecessary for most ponds in this area.

4. Primary production and chlorophyll content of pond water are useful criteria
for the evaluation of the fertilization policy. Therefore, it is of interest that these data
be collected systematically from selected ponds. These data can also be correlated to
fish growth and yield.

EEPOKIENERBEMA T » BRER+RAEAEER R ESES SR B EE
BHCEENRIRE IR 0 ERARIREE T AP o BIRAEIRS » BEEDEIERES
U o AT B BRI A At AU L R AR BT ST o B E TANEIRR B REH A
PR o BN TERERNETSEETEE A Tk BN —BOKE R AEWRE o HEREAR
REEeRERRELHF (Liaw, 1969) c BFHHELAETEN  B—REuE 2N
TR EREA IS A RN R RN » FEFTHREEEE VERRSEAB2ES
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WBHEAFZHTK 5 0932 ppm o KSWANLIIABEHE FHR LAMER ( 0.005-0.050
ppm ZRE) FETIAETS o AUEENA R EHIKE ( Yoshimura, 1932 248 Bl
Moyle, 1946) % sitb BB IS BETEH » IBMFTIR o '

#£M EEIERARALRKEZ SBHERBERIKE

- SN R N S & B OB | BERE
BEEIL019 ; BEAfaith 0 —0.020 |- =
BEEEB019 5 47k Ag, G s BAE s APIKE HBE 0.021—0.050 |  f3W
BEEIS017 » 2012 5 #rdb Ay, As, Ay, Ag G 0.051—0.100 T
BEBE8103 » 8004 ; 4k Cp 5 Yes/KE 01100200 Ef7
#rdt Gi, Cs 5 BEHSRRERHE RSN fRith | 02001 g R

s AT BRI A BRI IR R S BEEE T  REFAFNREE  DIERN
£k > KBRS AR 0.05 ppm DIEMIBT 0 HISERERE TR B YU OERIE - B
—(EAGENR » BB AR R AR RREN 5017 & 2012 SibH A R YR A TR
2H 8013 T 8004 Xk o EWEREESIHMENTHEAKTRESEE S 2 BB ELE
B4 WERE (KMnO, #EX) o TaREREHAER CO;, THESITEAER2SE o
PSR S R B R R R R T R R E AN AR R £ ERNETEE o BT
Y F ARG+ T EETRIR SRR R B K R IRTBS » BUREBRIEES » BhAe KR RTB 2k He bk
o EFFERME R ILRET £tk ARTSERE RS DS IEIEAIRE o BATR TS
FRARE R R fif— » BANET » SRR~ BET AR RS
TRt a8  TREANREE S £ETAB ST o SES01 T8t A EeR — I BIT o

OWBER A ANHRAERELER » 2HETES 0.056 ppm, HEAMTLE 0.064

- ppm, ETHIE o AABRERN & BENEN ARESUE NI » CORBER RS
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B WHFHENSERBEALE o WIMPE TERERANE (BBREIufi » tk
R RIS SRR 5.6%) BiRtEEARA R AN 2
SR SEER R 2 AR o ST ) —R AR RN BE R SR E R
PRI R BB BE ©

WP PRESERAIE G RvEBERR Y RERBE (0771 ppm) 4o
Hps e HACHEE (F 5062 ppm) » (EAREHIER BN AR —~REET o

GUEEREE EHERIUKTEERSNEET » BHERABNEEEHINRT » Kk
BENEGSESTHRN—EERD o BESHEEENSERS » RESRHBRIITR B o ik
FRAEBIEER W. Ohle (1934) W28 (B1E Reid, 1961) » BIHR » S BKESE
X BESESBEEREENENK (FR) o HEEAERREANTESERSN » EF
4.41 mg/¢ o # Yoshimura (1936) f%# » BEROEMSEMEEER LT - 2 69.6 mg/e
o~ » HER SBWERIK ) £ERE  MEEEINBKEERNIE

KA %ﬁihﬁﬂ@ﬁ% BKESHE

s B = 5 ® | & W M %
. ] —_—

{& 10 mg Caj¢ LIT % 9.7

F1 10-25 mg Ca/é i 355

& 25 mg Cajé Uk ! 54.8

— " .’-f. 310 ﬁ s

L 2H&EY

Wi S AR A EUKE » Bk Bl Aden 0 BREDNERELPEENRS °
T B AL BR v BB IR » Ceratium hirundinellaIS—REENES o TRiBE RRHEH
BS54 H—% o Hpl Keratella % Brachionus " JBERE R o §iEwdE K. cochlearis K.
valga FRBLEES » DBRIKENEFIKER B BESERS ; X% B. diversicornis,
B. regularis % B. forficula lacvis %% » BIDI/KEMANES o BA£% (Cladocera) HEH
% (Copepoda) &#AEIMRIEM » BEMEAERA » EBRFRBERBEH LS o

P AR ERA AT SOKER  BE USRS (L Pediastrum B Scenedesmus
BE) TR (B Synedra, Melosira % Navicula SERER) BE o EREASOKER
S Ao B R » B L, Anacystis, Anabaena, Spirulina % Oscillatoria &5
B H o R ATEE AR  EEESEN > BAHGHE—E - ARFRENEE
(R R R H IR BB o SERIE WS TAEAE L R At rh - FHsPAE B E A N

(B=) e

2. EBEEBRERRERE

A B R LR » K I— b SIS % (Lin 1968) » #i%
T HRR RTINS o FBAERRT RAIERA 0 R ESEREN
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w &2 8 M

Cs

Cz

Gs

6 285 196 206 o Zio Yy Ty

# o e

#

B A IES BT R » 196848 TREE R EE KRB I E 2 b o C, jfe
B2 EARRRTSURE (UL Chactophora £5E) » B HEMED ©

#o ERILEE TR MIER AR (gros primary production)
RIEMFE (chlorophyll )
- , T g |
ﬁl}mé FZRY | O,/mijhr | C/mijhr ioz/mgz/dayl Cd/:;z/ ; dgoxfgp/}gsu ¢jmg ehl/hr
PEER1019 | 67-6-23 | 65.0 24.4 086 | 032 — —
HEBES103 6-20 | 1987 74.5 262 | 098 — —
BEREIS004 621 | 3333 | 1250 440 | 165 — -
BRIE5017 620 | 4028 | 1510 531 | 1.99 — —
BKE5017 928 | 9700 | 3638 | 1280 | 480 137.0 2.66
BEESOLT | 10-2 |- 4757 | 1784 628 | 2.36 115.0 1.55
Kt Cy 11- 4| 8170 | 3064 | 1078 | 404 — —
Wb Co | 69-6-17 | 1,343.0 | 5036 | 1667 | 625 768 6.56
Wide Gy | 69-6-17 | 9774 | 3667 965 | 3.62 34.6 10.59
WAKE | 67-6-13 | 2233 83.7 295 | 111 — —
Bese ki o-14 | 3283 | 1231 433 | 162 — —
Pk 8-2 1073 402 14 | 053 1.16 —
SR 5202 | 195. 651 | 244 72.91 2.65

FE 2 (1) 19674 MISHRERIRE » 1969E 8 AR ia Sl B BYLEERIE o A& W ERRIRS 2E 10002 16008 >
[ 2 SOEEEAER RN A RAE BN N2 A £ ERS 68.33% o BB ENERALER

HREHTSERE ) —RBRRHEREZARRA TZAELRLEER -

) AfREZAAEBREERRR L ERRPFFIRESK > NEHERFES 15 m RHEE
ii*ﬁtﬁ%ﬁﬁ:&%ﬁﬁ:ﬁ HEGRSBERIOFEIATAFTRIER » RUELER AR

) WM RN EREN R EER -




ER o AHBRIFESRNERTEERVNBEEN » SEFHIHAERENEZMNE
IEFRRR » BRI E— KRR E R E AN 0 BRRERER M o HNEYHE R »
DR R e B & DER A R IIEGSRRENHRE » AITREENNESRERNBIES » 4hFF
WEB IR AR REERRR o WA RENEERHE » HEERRRRAY
AR SOnEHASHRRARER » NANERRER B SRAREER FIERRRER—
IEHEBRA o BIRSE N ERER ERIFTERMARS (F5) » EHREIT LUE S a2 7 » 242
AERNER ; DTSR SEHERA RAE A S ENEERE—LE » BERMARLY
- EREEAEERA R

ECRESSGETE B LRS! » SURBHFABIREEAN » HR4H0E A
BREBAERBFIEGR NBE o HEFER-UAS ) BEIHARRAMNEREERR
PR AREREEE » T EREETE SRR R RRYOKEREERNER (e
12-15 g Oy/m?*/day 8% 4.5-5.6 C/m?/day 2FH) o &ﬁ%ﬁﬁgﬁéﬁimﬁib G, B iia
&8 (0.2 ppm) > HF THARERMEMAFARBENS2FE o

%t HiwE s RHEDELREEERE (gross primary PrOduCtion)
R 3EHF (chlorophyll o) BE

‘ Chlorophyll mg C/m " .

s = % g Cfm?/day 1[ mgl/?mz ¢ ghl/’}/m 8 # =&

DIEF it : ' Hepher 1962
3 #s (1960 1.31—1.81 8.8—115.5 1.6—17.8
FMERE (19605 =) , e

IRt (1960F = 3.29—6.43 103.4—212.3 4.1—11.5
. ‘ ) (F41.6)

2 S ‘ Ichimura .
BEEN - 0.20—1.70 — — 1964
FREEH . 0.05—0.30 — — (BlY Aruga,
RABEW - 0.03—0.10 - — 1968)

ST | ' Welch, 1968

Athens #—faith
HET BIs(HESS)  — —

BRI ' 0.90 1 — 3 —
g5 Canyon Ferry Wright, 1959
Reservoir ‘ '
% AL | 0.85—1.62 21-167 —
| (B 1.44) (F458.9)

& E
B AR PR L AR R ERRE AR IR 0 BN TR ERE LR 0
T AR o M AR SR ANMRKS o
OH—RIEIEERTE BRI EEE YHZEZJEW&EWM@%E‘J eI R
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BEAKERBREINR/NERIE o

@OFF AL AMERTE + AP SRR AR 005 = 0.2 ppm 2 > JIREEEN
RESFEECREE o ibEKArEERNERE » FEEEEAERENEL CO: KkER
EZ » U RRRE R Il 2 ST RE o AN R ESTER: » JOlE 2 B RIEHMDE &
Wo

@LIEBE At BAL R AR TS » HIES D » ﬁ@ﬁﬁﬂﬁ’fbﬁﬁ%@ X%ﬁliﬁﬁﬁﬁﬁﬁg
FEIEER > WA B SRR kT o

W B AR R RIS BE Y Ml > WLUBMAE AR 5 T ST R
RTBENE 2% o WHERERET » BERERAAME RRRRE » DUEREAER
o

B R B DUEREST » TRRE—PSHEE 0 2EEE S HEEMILRER B Ak
BREH & IFNERERES G M » DA NR ORI o EEEARSHER
FIEZFR A RRMI AR BRAR o R ERNE T2 R2 80BN B2 aERF
BEIEMAER o FERATNBARLREZHE > REZEBEE DFEREEND o EES
WP PEAFALR ) F—FEFHES ~ REE ~ BIRES ; $TARENEL S R
BITHEE o WAMTILS BA RO ESIR RES NS BN THE > BH—5E®H o

i R x K
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FAH R E G BIBEBZIE TR
Yellow Water Bacteria and Antibacterial Activity of
Four Algal Extracts in Milkfish Ponds

B AEABMR BRI B 2R R
AL 7 Ly

By Nai-hsien Chao

Research Assistant

Rockefeller Foundation Fish Culture Research Program

Summary

Milkfish culture needs clear water with abundant bottom algal growth for successful
production, but unfortunately yellow water usually occurs from June to November and
becomes very harmful to the growth of milkfish. This is caused by a kind of micro-
plankton bloom which cuts light penetration to the bottom and thus stops bottom algal
growth. Many measures have been taken to prevent yellow water development, such
as replacing totally or partially the yellow water with fresh sea water, and applying
organic and inorganic fertilizers or pesiticides, but none of them have proved to be
effective. However, there is a phenomenon in which whenever abundant growth of
blue-green algae, especially the Enteromorpha, is found in a pond, yellow water never
develops. This phenomenon may be a key to the solution of yellow water problem and
it is of interest, therefore, to study the effect of, first of all, the antibacterial activities
of the algal extracts in milkfish ponds.

1. Yellow water is a result of overgrowth of microorganisms in milkfish ponds.

2. Yellow water gives rise to high turbidity and low dissolved oxygen content.

3. Twelve strains of yellow water bacteria are isolated. They are yellow or white
in color, rod-like, coccus, staphylococcus and streptococcus in form. The surface of colonies
are smooth or rough, dull or glistening; circular, irregular or rhizoid in shape; the eleva-
tion, flat, raised or convex. All of them bear no spores. Four possess capsule and two
possess flagella, however, the examination of cultures for motility gives all positive reaction.

4. Y 103, Y 110 and Y 112 are Gram negative and the others are Gram positive.
. Y 103 and Y 105 are acid fast
All strains cannot produce indole from tryptophan,

Y 103, Y 104, Y 110 and Y 111 can hydrolyze the gelatin.
Y 101, Y 104, Y 107, Y 108, Y 109, Y 110 and Y 112 can hydrolyze starch.

9. All strains can ferment maltese and sucrose, but not all can ferment glucose and
lactose.

© N

10. All of them produce catalase.
11, All of them cause reduction of nitrate except Y 105.
12. Only Y 101, Y 106 and Y 108 cannot use citrate as carbon source.
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13. The litmus milk tests of Y 103, Y 107 and Y 110 give positive reaction with the
production of acid.

14. Al strains are lactic acid bacteria.

15. The methyl red tests of Y 103, Y 107 and Y 110 give positive reaction.
16. In the Voges-Proskauer tests, half of them are positive reaction, while the other
half are negative reaction.

17. The disc assay shows that Enteromorpha sp., Chlamydomonas sp., Lyngbya sp.,
and Phormidium sp. have antibacterial activities.

18. The antibacterial actxvny of Enteromorpha sp. is highest among the four algae
mentioned.

——u\ﬁﬁ.v ‘é‘

BB (Chanos Chanos Forskal) 2 EMEBEZES » BAEEMEEREAE o HAER
FRERMTR KA I RREREY ) SHER TSERNEREETHRBEKER > BEX
B ARBIERE 2B MG » SERUKF A ZRETRY 5 ERKERE > WWEER TEEE » #
MEMERE SRFRRESR » UKTERENEEE ~ BE 2600 ~ Thiltd) ~ SERSSISFI F AR
2 BBIR I AR ALEHER » BN ROMZE BERAEERMMN TSR ~ 5
e~ B~ B > ATRBEESS2ERD o IBE BRARREE 67 ARI0» L1 IREE
AFRRFEUKERS » BME/KIEE H A A B R URKES TR ~ B RETIKETR R ~ BBHRE: 5 1k
Sl RBAE XEEAET SRS AERS (ﬁﬂ%ﬁ@iﬁmﬁ (Waterbloom) » H 13tk
EREEYEEDEZD o

B EHARBREFKREREISNER » REABFHUIARATER » SBEIAHE 85
FERBUENGE o BBSRE » ABERER » MHZNEFFHIEE  KOERHBRTR
BEBERZHE  TNHEBE A2 AEAREEL » BATELEZE o —ESZRFHOK
BRERGEEE § MUKGRSEL B AREAARE » FFHEK s RRE/K AMIEEAED » SRR
HeAT e SRR ERR SRR | ERERAERIEAIR LB B PR ER LI
# o BSANRE B A2 B EREKESR AR RHERESIERE (Enteromorpha)
—~E 2 EE R RS IIREKZHBFTEREERR o £ » EREBYFEREFR

WERBEREZRRNHEEEESD ¥ VOO0 LG ERERE LIRS » RebAH
fﬁ,_ﬁ\\lﬁéﬁq » RUFT SRS AT, E AR FTEORR o S B STAR6 1 5842 6 B HREBovE I
KERLBRTY » WAL OA » BRI R ARERT o

N ﬁ *
KRR B 5 BT AR SEIGHEZ AR LR At b2 R R E B AR I Ul B s

(=) EAHEEVELRE(LCLZHE

5748 10§ = 11 F S KERBR RS M E B AR U RE R AE— R B AR RNEOKER
% 17 BB DU Frsk B Aok 2 B SUKBLAT S E R I » BSHRE IR KN E 5%
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2O EERE e 30°C ERETANERREER  E-RE RO AERE ERHEE
(Colony) ¥ » B2 45k HEERNIEEE L » M SRR EpEok e HIEEEK
B RAEKEMERES (Pure culture) » FH4E+F#(Strain) » f{ﬁ?m‘}’ﬁﬁ Y101~ Y102~ Y103~
Y104~ Y105~ Y106~ Y107~ Y108~ Y109~ Y110~ Y111~ F Y112 o HBBHIAE TR
B R ~ ABEEYE B TR D EER A Eh A ek ER o
L.y re Bl

0 BEEZBHE  J ~ RIOREORERT o

@ BEEZAND WEESRDBHEE o

() HEFEoOE: e BRI

(4) BERRZIBAK ¢ O S iR R E R o

(6) B2 RS ¢ DUHSETEE: o

6 HHRZE B EERRANARE LEAERR ) RAAHMSEERNMENA L

I R R NEEE R B  LAAR PR AR SRR T RE
B ITOREEATEE) o
2. ZEfauta (Spore stain)
) BB F EeREES (Smear culture) » BATLEKK (Malachite green) ufs » K
DI0.25%FA4L (Safranin) {p#itbfets > DIEESHRTY o
3. Feprznss, (Capsule stain)
HBHERDL Leifson EiEE Rk (Leifson’s flagella stain) stEIE R L2 (Indian
ink stain) Ze7 » AEMESABRRLEHE » BRGHERESFMKo
4, YgE ety (Flagella stain)
R F Leifson IR o
5. R gt (Gram’s stain)

DURZEHIW/INR N2 57868 (Young culture) fRBtkilaR » (MR IMER o B b2
B TRA KA R RO AR O SR (Crystal violet) HBUEEBREBZEEAMATH »
BHERREEE (Gram positive > fiifs G+) 5 F2 » BT AEREHRKENE (Gram
negative » f§f% G—)® o

5k Ryu™ gz drikfiak (Caustic potash method) » WM B SPELEHKINE
25 G+ G— ; HHERERm AR » HEBEF o

6. BB 2k (Gelatin Hydrolysis)

Ei84 Frazier FHABE'D » DlEaEEE (Streak inoculation) » 3EE B 1R » DR
MEACRBERTEMRSEBE L ZEENGNERIFRPEBNEE » WEREHEEREELH
2 BB S H B

7. IR (Acid fast stain)

f Ziehl-Neelson'V ety » [HERE Y BALE » JETHERR 4 REEGL  THIREWBE A SR

Sl - SEE—1S Y FEIR B RERITRC, TR BINEEE o
8. FVEEE (Indole test)

ERSE- (5B (tryptophan) 2k (Peptone water) » 4458+ HoKEikk 2 Hil

B DE AR TR A TR e TR 5 i Kovac KFFEEREBI Ehrlich-Boshme K
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HE BHBRIERRLATERCERFEEE DY o
9. ¥k (Starch hydrolysis)

BopylaZ (Starch agar)'V inER M wEmEiest (Nutrient Agar) | SEEES
RE EZAEREE 5 TEMIRGETS DE2KRE » WHEIME » BEAEERBRBITE
HRIER f-amylase Fig M E2FEY o

10. ¥ 388 (Fermentation of carbohydrates)

FFEE 2K (Durham’s tube) LI 1% Andrade’s indicatort® YRR B

BRELBRVRRERLG BB BRSNS T o
11. BEEdEe (Catalase test)

ERNEREREERAH (Nutrient broth) F¥0KEE » FiNBEEE4E0RE
AEAERTEEERE o RESNNHEEAMESNRT TR » e BsEs &
B (Aerobic bacteria) ; Tifesa 8 (Anaerobic bacteria) HIIRER® o

12. raip e R aRER (Nitrate reduction test)

TREREERE UK (Nitrate peptone water ) SMSERVEEZE RAEHHME™ » LI Griess-
Hosvay HHA W R MEHLAE X REDNBRRO ISR RERRE » SUnsEE T REER
TBEETMR BEEEFRRENTREANE  RUNEDEE S BERENEE Y o

13. Wtk > FIH (Citrate utilization)

SEHEE Koser SRAUHIREIEEIN 1V SR T HBREEL ISR ERH ARG R RS

HARMRZHRETEE » REEF AR AE
14. 7Rz Ve (Action on litmus milk) .

FE—FHRIR AR 10 ml 4 BREERE TERREZ AEFT » ERES 06 &
MER RUEMELEESRATER  BE AN F HRES LRk o AEED
BREGILE ~ RS SR ~ BEERRERER  §BECEENTRATHEEHY  FRUERE
W2 BBELSIPI AN ACS Ry BGoeRsEaisssR o

15. FiggpE e & bk 2 38 (Carbon dioxide production from glucose)

Aif4 Gibson RAEBEMHEEDY » SEARE » BhHE 45°C TS ERE LR
FUKMIE » 2% ) IR REEm s A ER N L o A BEEEAEE S S MEE ST
W WEERENE N A BRSO AR BT o

16. ATy (Methyl red test)

A ER O R 2 b IR B E3E . (Glucose phosphate broth ) » R ZEAT#E ( Methyl
red solution)'V ERE| o BEWIEH ABT K RE pH HEBESERET4SRER » £
RIERE » 348 “+7) K2 HARBEFEARRE “-"o

17. R E (Voges-Proskauer test)

R HUR GG E T T BEEEEL  Acetylmethylcarbinol o #RAIHEE (1)

O’Meara’s modification % (2) Barritt’s modification! s 5 R4 BT A BN AESIERNE o

(2) RERARESREHRR

B EAEEEESY  HICERSEE 2 NE » B) Enteromorpha sp.s Chlamydomonas
sp. » Lyngbya sp. }& Phormidium sp.'® {eiiFRIEsE o 3E2REBE E Guillard’s “F” solution
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13 8§ CHR solution s % Benecke’s solution!'® s f58 DATE A S8R o SRR AL
THR ﬁtﬁfﬁ(ﬁ\}ﬁiﬁlﬁ’% (Green house) » BRI R TREMEEE » WEBIUTIIS
FRIATIEEL o

L. e 2w R AT B R A 2 0% » B R vk DUBESs ( Blender ) 798 » BUR
SR

2. R EMDIRE RS » B ER DRIKIESHHES (Soxhlet extraction apparatus) #EX »
PRS2 BOMZ T 40°C XBAKBSHAR, (Water bath with water pump) ROzl T
FAEID o

3. DK S0 R R B R B2 » WER 37°C EREER& » IImHEEnay
> TR B GEIR R W RS E SRR o

Bl Rk By a5 i Sintered-glass bacterial filter 219 Bk fMEEmiy
MRS ERESEREME ) o )bFFE Disc assay'® ZHERIRHREZRREE (Toyo filter
paper, No. 2) DUTFLEEITRELE 0.6 ASMCER/MEEH » BIBTEEZ Disc » FIARMIR s
W o FEEFE PR R BB PURTE Y B B 6 2 5550 BES B IS EESE > Disc s 41
I AAFEEEHRE A B EERERS - NMNEBSTHAMNETEREEERR o
HERERAHE » H Disc REZERBPES (Clear zone) » RIMEZHIFIFRFAEE » 16 Hit
ENFEE » ZHPEATES 2 BEREERA » THEERZ R/ o

=N X

HFEK B ARSI KR B R4 FTE B B R A 5 — 1+ DU
ZH MR R SRE R ETERY » BB D ST (LR » Rt
PR SUBAEEL 0 (LB R RORS M — S BB 3 o
B—F FEHKMEZEREES

Table 1. Morphological characteristics of “yellow water” bacteria.

o™ NV 101Y 102 Y103 Y104, Y105‘Y106|Y107JY1OBIY109}Y11oY111IY112
Color wiMlY Y v |[M[Y Y ’WI Wl w

Agar |Surface G‘G G ! D GGiD'D‘D‘GDG

colonies] Size X s S 7 S X1 ¢?17 S|{8 X X
Elevatiod' G | C | Ra | Rh | Ra|Ra | Rh | Rh ! Ra Ra| X | X

| ! o |

Form RIR|SR|{SR| R R |Sta 81% iStr* Co Str+* Co

Size(u) 6Xl\6><l*l.5><1 15x116x1 6><1.‘ 1 X7 Z 7412

Spore - | - - - - =] = | = i - -1 =] =

Capsule + | - - - + 4+ + - f R

Flagella S i R I S S ‘ e e

Motility £k ok |k b b e

* 13 or 14 cells in one chain ** about 10 cells in one chain

W : White S : Small colonies Rh : Rhizoid SR : Short Rod

M : Milky white X : Irregular — : Negative reaction Co : Coccus

Y : Yellow ? : Test not applicable =+ : Positive reaction Sta : Staphylococcus

D :Dull G : Convex =+ : Slightly positive Str: Streptococcus

G : Glistening Ra: Raised R :Rod
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Enteromorpha sp. » Chlamydomonas sp. s Lyngbya sp.> % Phormidium sp. VX8R
EHEH O HEGHE 2 IER » BREBHEESEK  IEE=%o
B=R NEEEEHRET KRR S

Table 3. Antibacterial activity of four algae extracts of milkfish pond

\
Algae\StramNo Y[Y;Y Y[YIY!YYYY!YY

/101102103 104|105 106 107,108 |109 110 111 112 | AVe-
|

0.90 119/ 1.05

Enteromorpha sp. | 0.89’ 0. 831 1 05 .13 1. OSI 1.10( 1.10, 1.15/1.03}  1.04
Chlamydomonas sp. E0.97! 0.98/ 0. 93 0. 97 0. 92 1.00] 1. 0211 0.97/1.18/0.97 1.10, 0.86,  0.99
Lyngbya sp. ’0 89 1. 14J 0. 96' 0. 94 0. 84 0.89]0.96| 0.86/0.89 1.06% 1.05/0.86] 0.95
Phormidium sp. O 821 0. 87[ 1. 10\ 0. 92} 0. 84] 0.81] 0.90/ 0.94 1.08; 0.89} 0.9310.99] 0.92
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The Relationship between Nitrifers
and Fish Pond Water
~in Chupei

by
Hua-chau Hsieh
and
Yie-yung Lee
Research Assistants, Rockefeller Foundation

Fish Culture Research Program

Introduction

Since nitrogen is considered to be one of the most important limiting factors
in the development of phytoplankton, which in turn is an important fish feed,
we have therefore studied the relationship between nitrifers and fish pond water.

Under laboratory conditions, certain bacteria, actinomycetes and fungi have
been shown to convert ammonium to nitrite or occasionally to nitrate, but we
did not choose actinomycetes because of their slow growth and late appearance.
Fungi are commonly present but we have omitted them due to the fact that the
number appearing on agar plates represented only a small percentage of the
total count. As a result of all the above stated reasons, bacteria are therefore
chosen to be used in this experiment.

All the nitrifying bacteria are classified in the family Nitrobacteriaceae of
the order Pseudomonadales. Seven genera are recognized in the family:
Nitrosomonas, Nitrosococcus, Nitrosospira, Nitrosocystis, Nitrosogloea, Nitrobacter
and Nitrocystis. Of the seven, only Nitrosomonas and Nitrobacter are the major
nitrifying bacteria. Nitrosomonas can oxidize ammonia to nitrite, and Nitrobacter
can oxidize nitrite to nitrate. '

To enumerate the nitrifying bacteria and to separate them from other soil
organisms, advantage was taken of their chemoautotrophic properties. In the
case of Nitrosomonas, the dilutions of soil was inoculated into an inorganic
medium containing ammonium as the source of nitrogen. When nitrosomonas
was present in viable form in the inoculum, growth would occur and nitrite
would be produced. We used potassium nitrite as the source of nitrogen in
Nitrobacter, and nitrate would be produced when Nitrobacter was present in the
inoculum.

Materials and Methods
1. Water and Soil Samples

— 41 —



The water and soil samples used in this experiment which was conducted
during the 24th of March to the 13th of May, 1959 were collected from the
fish ponds of Chupei Fish-Culture Station.

The soil samples were collected from the bottom of the fish ponds at
about 3 - 5 cm depth, and the water samples were obtained from the surface
of the fish ponds. The samples were then taken back to the laboratory im-
mediately. If the samples were not used on the day of collection, they could
be stored in the refrigerator, to be used within 24 hours.

. Preparatlon of Materials

a. Ammonium-calcium carbonate medium for Nitrosomonas

(NH)), SO, ’ 0.5¢g
K,HPO, 10 g
FeSO, : 0.03 g
NaCl o _ 03 g
MgSO,.7H,O , : 03 g
CaCO, ' 15 ¢
Distilled Water 1000 ml
b. Nitrite-calcium carbonate medium for Nitrobacter
NaNO, o 0.008 g
N,HPO, 10 g
NaCl 03 g
MgSO,-7H,O ' 0.l g
FeSO,7H,O - / 0.03 g
CaCO, : ' 10 g
- CaCl, 03¢
Distilled Water ' 1000 ml
¢. Ammonium-calcium ‘carbonate agar
Ammonium-calcium carbonate media 1000 ml
Agar powder 15-20 g .
d. Nitrite-calcium carbonate agar
Nitrite-calcium carbonate media . : 1000 ml
Agar powder ‘ 15-20 g

. Water Analysis

With the use of Uvispek Photo-Electric Spectrophotometer MK 9
(H700), analytical procedures of nitrite and nitratc were followed as those
given in the twelfth edition of the Standard Method for the Examination of
Water and Waste Water (American Public Health Association, 1961).
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. Bacterial Count

A 1 ml portion of freshly agitated suspension of the dilution prepared
(water samples were 10-' and soil samples were 10-*) was transferred to each
of the 5 sterile petri dishes by means of a sterile 1 ml pipette. 12 ml of
agar was poured into each seeded petri dish, and they were then kept in a
humidified incubator at 28°C for 14 days.

. The study of the change of nitrite and nitrate

An enrichment culture of two groups with two flasks each was prepared.
A 15 ml of water sample and 15 ml of 1% soil sample were transferred
separately into the two flasks of the first group each containing 50 ml of
sterile ammonium-calcium carbonate medium, and the process was again re-
peated on the two flasks of the second group containing nitrite-calcium
carbonate medium. The flasks were incubated at 28°C, and every 2 or 3
days, a 2 ml portion was extracted and diluted to 50 ml. Then measurements
of its nitrite and nitrate concentration were taken.

. Soil pH
pH value of the soil was measured with a Glass Electrode pH Meter
(Mitamura Riken Kogyo Inc.), and the procedure was followed as those

given in “Method of Soil Analysis” Chemical and Microbiological Properties,
Part 2, edited by C. A. Black.

Results
. Chemical Condition of Chupei Fish Ponds

Nitrite nitrogen occurring in the ponds was investigated to be in the range
between 0.001 and 0.008 ppm. The concentration of nitrate nitrogen varied
from 0.012 to 0.086 ppm. The results are presented in table 1 (see attach-

ment). From table 1, it can be seen that the lowest values are found in
A-3 pond.

. Bacterial Plate Counts

'The result of bacterial plate counts conducted during 24th of March
to the 13th of May, 1969 is represented in table 2 (see attachment). The
average counts of Niterosomonas in the soil and in the water were 133.2 x 103
organism/g and 581 organism/ml, and the average counts of Nitrobacter were
119.8 x 10® organism/g and 529 organism/ml, respectively.

. Changes in the Nitrite Concentration

‘There was no nitrite in the ammonium-calcium carbonate medium before
seeding the samples; but after seeding (as illustrated in Materials and Methods,
Section 5) the soil sample for 4 days and the water sample for 8 days, the
concentration of nitrite slightly changed and after 10 to 12 days, the increase
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N
of the same was remarkable as shown in table 3 (see attachment).

The nitrite concentration of nitrite-calcium carbonate medium was 3.75
ppm; 8 days after seeding the soil sample and 12 days after seeding the
water sample, the concentration of nitrite remarkably decreased as shown in
table 4 (see attachment).

4. Soil pH in Water

The pH of soil in the vponds was neutral to slightly alkaline, as presented
in table 5 (see attachment).

Discussion

Nitrification is seasonal and is affected by temperature, pH and oxygen
content. The following are some of the affecting factors: The rate of nitrifica-
tion appears to proceed most rapidly in the early part of May and is very slow
when below 5°C and above 40°C; and the nitrification process is also sensitive
to pH and occurs less rapidly, or in extreme cases not at all in acid water.

The bacteria counts of surface water are apt to show great variations, par-
ticularly true in the spring and fall, the season of heavy rain and melting snows.

We know from many laboratory reports that the count of aerobic bacteria
. by the agar plate method varied from 1000 x 10° to 800x 10°® organism/g of soil.
In the Chupei Fish Ponds the total number of nitrifying bacteria ranged from
about 100x 10* to 400 x 10® organism/g of soil, comprising about 5.6% of the
total aerobic bacteria count.

From table 5 (see attachment) we can observe that neutral or slightly
alkaline soil has the largest population of nitrifying bacteria. '

From table 3 (see attachment) we can see that the seeded bacteria are not
of pure culture. When the nitrite concentration reaches its highest value, it
starts to decrease rapidly almost reaching zero point. We believe that this is
due to the fact that the two groups of nitrifiers almost always accompany each
‘other, and when Nitrosomonas oxidizes almost all of the ammonia to nitrite, the
remaining Nitrobacter then has a source of nitrogen, where it also oxidizes
nitrite to nitrate, and the nitrite concentration reaches a very low point.

According to our investigation, there is no significant relationship between
the number of nitrifying bacteria and nitrite and nitrate concentration. For
instance, the Chupei ‘A-3 Fish Pond had the highest count of nitrifying bacteria
number, but the nitrite and nitrate concentration of pond water was very low.
This result is shown in tables 1 & 2 (see attachment) which indicates that the
nitrifying bacteria did not make a major contribution to the ecosystem as primary
producers, and this incidentally, corresponds with the results of the experiment
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conducted by a reséarch team in the area of the Lake of Mendota, in 1925, as
shown in figure 1.

Summary

1. The bacterial distribution of fish pond depends on many factors, such as the
place where the sample is collected and the treatment of the sample. There-
fore it is difficult to say that the result of this study can be applied to other
samples from other places. However, this result can serve as reference to
others who are performing similar experiments.

2. In the Chupei Fish Ponds, the total number of nitrifying bacteria comprises
about 5.6% of the total aerobic bacteria count. '

3. The concentrations of nitrite-nitrogen and nitrate-nitrogen were the lowest in
Chupei A-3 pond, but the pond contained the highest count of nitrifying
bacteria.

4. The neutral and slightly alkaline soil had the largést population of nitrifying
bacteria.

5. The nitrifying bacteria did not make a major contribution to the ecosystem
as primary producers.
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Table 1. Chemical conditions of Chupei Fish Ponds.

Concentrations are in mg per liter.

Dap Fond A-3 A-s B-1 B - 4

T

NOg-N| NOg-N | NO;-N NO;,—N“ NOy-N| NO;-N| NO;-N | NO;-N

3 - 24 - 1969 0.00L | 0.020 | 0.003 | 0.063 | 0.006 | 0.043 | 0.003 | 0.047
4- 9-1969 0.002 | 0.012 © 0.004 | 0.063 i 0.004 | 0.055 | 0.008 | 0.027
4 - 24 - 1969 0.001 | 0.039 | 0.003 | 0.055 l‘ 0.004 | 0.047 | 0.004 | 0.043
5-13 - 1969 0.002 | 0.031 | 0.003 | 0.086 } 0.003 | 0.051 | 0.002 | 0.039
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Table 2. The average number of nitrifying bacteria
in various fish ponds in Chupei

: Organism/g of Soil x 103 Organism/ml of Water
Pond - .
Nitrosomonas spp. | Nitrobacter spp. | Nitrosomonas spp. | Nitrobacter spp.
A-3 | 27 | 1918 737 515
A-5 1589 137.5 759 604
B-1 106.0 81.7 408 516
B-4 55.2 68.1 419 481

Table 3. Changes of nitrite in ammonium-calcium carbonate
medium. Concentrations are in mg per liter.

* Soil Sample
** Water Sample
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Days after Seeding
Pond - — - ‘ o _
| 4 6 8 0o 4 | 16
A-3(5* 0.127 0.381 3.769 9.867 | 16.339 0 ‘ -0
A-5(S 0.219 4.804 5.940 8.132 | 15284 0 0
B-1(S) 0.026 0.087 1.700 5.859 9.816 12.382 16.238
B-4( 0.006 0.056 2.156 6.265 7.838 9.552 12.849
A -3 (W) ** 0 0 0.006 0.016 0117 5.839 10.455
A-50(W) 0 0 0.046 2978 8.040 9.613 10.110
B-1(W) 0 0.006 0.006 0.980 2.653 6.336 | 10972
. B-4WW 0 0 0.006 0.056 0.077 | 0.117 0.208
" * Soil Sample
** Water Sample
Table 4. Changes of nitrite in nitrite-calcium carbonate
medium. Concentrations are mg per liter.
Days after Seeding
‘Pond : . : S
4 6 8 10 12 | 14 16
A-38)* 3414 . 2207 0.949 0.016 0.016 0 0
A-5(S 3313 1.872 0.148 0.087 | 0.026 0.016 0
B-1(S) 3719 | 3120 | 1.640 | 068 | 0168 | 0087 | 0.087
B-4(S) 3.617 317 1.081 0.117 0.077 0.066 0.066
A -3 (W)= 3.739 3.739 3.739 3.698 3.120 2.501 0.016
A-35 (W) 3566 | 3485 | 3414 | 3364 | 3110 | 0695 | 0016 .
B-1(W) 3.739 3.739 3.739 3.739 3272 3.019 2.816
B-4MW) 3.516 3.465 3.313 3.313 3.009 2.704 2400



Table 5. The pH value of soil and the number of nitrifying bacteria
by agar plate count in Chupei Fish Ponds (5-13-1969).

Organism/g of Soil 10
Pond pH - _ :
) Nitrosomonas spp. ' Nitrobacter spp.
U S S SO SR
A-3 ‘ 7.40 2513 | 2306
A-5 ( 7.12 185.6 ? 1393
B-1 | 6.81 84.0 i 74.3
B - 4 695 81.0 | 86.0
3,000
3850
2,500 +
_ 2000 f
& ‘
.: /Bacteria
H
1,500 F
T
1,000 | &
13
4
S , _ 490
r /Nttrai'e Nitrogen 160
430
O X 1 ] 1 ] 1 1 L i 1 O
Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov.

Yeor-1925

Figure 1. The annual changes of bacterial counts and
nitrate nitrogen concentration in surface-water
samples of Lake Mendota, 1925. (after
Domogala, Fred, and Peterson.)
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The Feeding Habits of Silver Carp,
Bighead and Mud Carp

By S. Y. Lin

Fisheries Biologist, Joint Commission on Rural Reconstruction and Professor of Fish
Culture, National Taiwan University

Abstract

Through the studies of the digestive tract contents of the silver carp,
bighead and mud carp, and of the plankton successions in ponds, it is
revealed that silver carp ingests principally net phytoplankton as well as
nannophytoplankton and detritus particulates but very little zooplankton.
The bighead feeds on zooplankton, net phytoplankton and detritus, while
the mud carp, being a bottom dweller, feeds chiefly on organic detritus
and diatoms. The type and size of food organisms and detritus ingested
depend on the structure of the gill-rakers and the position of the mouth,
but the quantity of each kind of suspending particulates to be ingested
depends on their abundance in different seasons. The silver carp and
bighead do not appear to possess any mechanism to select the food of
preference, although the mud carp is capable of picking up the preferred
kind of detritus together with diatoms for food.

Introduction

Polyculture of such Chinese carps in freshwater ponds as listed below is a
long established practice in China: :

Silver carp (Hypophthalmichthys molitriz)

Bighead (Aristichthys nobilis)

Mud carp (Cérrhina molitorella)

Grass carp (Ctenopharyngodon idella) ~
Black carp (Mylopharyngodon piceus)

Common carp (Cyprinus carpio)

The advantages of such practice evidently lie in the economy of space and
the full utilization of food resources in the ponds. It is generally known that
silver carp and bighead staying in the upper layer of water all the time depend
on Shui Wei, water bloom or “substances in water” for nourishment. These
substances, in modern scientific terms, would mean precisely the phytoplankton,
zooplankton and other organic particulates suspending in water. The mud carp,
the black carp and the common carp are principally bottom dwellers, but they
have entirely different feeding habits. The mud carp, with an inferior mouth,
picks up food particles consisting of small bottom flora, fauna and detritus near
or on the bottom, but such feeding activity would never disturb the bottom
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mud. The black carp, a carnivore feeding on snails, clams and other molluscs
and crustaceans living at the bottom, is also peaceful; but the common carp, on
the contrary, has the habit of sucking mud- into its- mouth where nourishing
detritus and benthos consisting especially of Chironomid larvae that come in
with the mud are retained and swallowed, while the sand and mud are spit out.
In this manner if there is a large number of common carp present in the pond,
the water is bound to become very muddy and thus rendered unhealthy for
other domestic fishes in association to thrive. The fish farmers having learned
this from experience never stock a polyculture pond with a large number of
common carp fingerlings, although they find it profitable to stock a few for the
~ purpose of scavenging on any food residucs from supplementary feeding. Another
advantage of stocking a small number of common carp in polyculture is that the
common carp serves as a unique agent to turn into fish meat the Chironomid
larvae which are always abundant in ponds. The grass carp is an active fish
roaming everywhere in search of floating duckweed (Spirodela), filamentous
algae and rooted aquatic vascular plants. Meanwhile it would prey on small
fish, insects and devour any kind of organic matter when it is hungry.

However, the feeding habits of the black carp, common carp and grass carp
are not difficult to observe, especially that of the common carp which has been
well studied; information on the feeding activities of the silver carp, bighead
and mud carp is still insufficient for a clear understanding of their relationship
to food resources in polyculture. For example, one would ask whether the silver
carp is a pure phytoplankton-feeder, the bighead a zooplankton-feeder and the
mud carp a detritus-feeder. If so, what is the most nourishing phytoplankton
for the growth of silver carp and how can a selective propagation of a particu-
larly nourishing phytoplankton be made? How fine a phytoplankton can the
silver carp filter for food? Can the silver carp filter nannophytoplankton? Is
the bighead feeding on phytoplankton as well as Copepods and Cladocera?
How about Protozoa? Does the mud carp devour bottom flora as well as
fauna? Which ones are preferred? How about detritus (residue of sup-
plementary food and faeces of grass carp and other fishes)? Many more questions
like these can be asked, but none of them can be answered satisfactorily at
present, although for- proper management of polyculture full information is re-
quired. .

Fang (1928) studied the gill-rakers of silver carp and bighead, and discov-
ered that they were the efficient mechanisms for filtering plankton out of water
for food. Since the gill-rakers of silver carp are fused to form thin spongy
plates, they can filter out very small plankton and other organic particulates;
but those of the bighead which are numerous, closely set but separate from one
another are capable of filtering large planktonic crustaceans, Rotatoria and algae
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Fang’s study led, in later years, to many more experiments carried out to
determine the feeding activities, food digestibility, relationship between feeding
habits, feedstuff’ application and fertilization in mono-and polyculture of Chinese
carps in the different countries. Kobayasi (1929 a and b) in Taiwan carried
out experiments on the rearing of grass carp, silver carp and common carp in
association and again Chen (1934) in Canton studied the polyculture of mud
carp and silver carp in one series of experiments and of grass carp and mud
carp in another and found that mud carp responded to peanut meal feeding but
not the silver carp. Also grass carp grew rapidly when fed with artificial
feedstuff. They then concluded that grass carp and mud carp fed on artificial
feedstuff' such as rice bran, peanut meal and bean meal, but silver carp was a
plankton feeder.

In 1962 and 1963, E.A. Savin* of All-Union Research Institute for Pond
Research, USSR, carried out two series of experiments on the feeding of silver
carp - one in aquariums and the other in ponds-and found diatoms, especially
Cyclotella to be the most preferable and easily digested food for the fish, next
the Euglena and Protococcaceae, but such blue green phytoplankton as Oscillatoria,
Anabaena, Coelosphaerium and Merismopoedia were indigestible. The silver carp
tends to spit out filtered material consisting principally of blue green algae. Savin
further observed that in ponds where the biomass of phytoplankton contains a
high percentage of Protococcaceae (Pediastrum and Coelastrum) and diatoms, the
grass carp grows faster than in ponds containing more blue green algae (Meris-
mopoedia).

With an aim to verify Savin’s observations, the present experiments were
designed and in addition attempts were made to determine (1) precisely what the
silver carp, the bighead and mud carp eat, (2) the fish growth rate in response
to scasonal development of planktons, (3) the role of supplementary feed in the
feeding activities of these three Chinese carps, (4) the food of preference if
there is any for each of the three Chinese carps, and (5) the physical, chemical
and biological factors that might influence the feeding habits and consequently
the growth of the fish.

Methods and Material

Two principal steps were taken in trying to answer the above questions.
The first was to analyze the contents of the digestive tracts and secondly to
make qualitative and quantitative studies of the biota in the ponds each month
for comparison with the stomach contents. Fishes required for stomach content
examination were identically stocked in two ponds (A and B) each 1,000 m?

* A translated version of Savin’s report entitled “The feeding of the white tolstolobik ‘(silvc;ﬁ
carp) was sent to the writer by Dr. C. F. Hickling from London. The original paper was
not seen by the writer himself.
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in superficies and the number of specimens of each species removed each month
for examination are as follows:

Species (No. of fragomings) | | for stuy sach mondh
Mud carp 500 20
Silver carp 100 8
Bighead 50 4
Grass carp 20 0

7 To only one of these experimental ponds supplementary feed in the form of
rice bran and peanut meal was applied at the rate of 3to 5 kg of each once a day.
Superphosphate was given at a rate of from 4 to 6 kg once every 5 to 10 days_
and a similar amount of zeolite (containing 78% SiO,) was also given at the
same frequency to each of the ponds for the purpose of creating and maintain-
ing a desirable degree of water bloom. Since the development of planktonic
algae is important to serve as food for the fish and further to prevent the growth
of the undesirable Chaetophora by cutting light penetration, the application of
an adequate quantity of inorganic fertilizers at the right moment is necessary.

The removal of fish for digestive tract examination each month was done

in 10 months only (February to November),. because January and December
were too cold for active feeding of the fishes.

Contents from three sections of the digestive tract, namely, (1) the section
of esophagus, (2) the long intestine and (3) the rectum were separately pre- -
served for each species, but in order to save time in examination, the contents
of similar sections of the same species removed each month from the same pond
were thoroughly mixed. From such mixture samples were taken for identifica-
tion and quantitative study of biota and detritus according to the microtransect
method as described by Lackey (1938).

Water samples of the two ponds A and B were taken twice a month from
August to November, 1968. Each time five liters of water were taken with a
sampler from each pond. Immediately after the samples were taken, formalin
was added (to approximately 3%) to preserve the biota for examination.

In an aquarium two mud carp of about 15 grams were placed and fed with
peanut and soybean meal and rice bran for direct observation.

Results aid Discussion

So far as quality is concerned almost identical algae, Protozoa, zooplankton
and detritus are found on one occasion or another in the digestive tracts of all
the three Chinese carps under study, but the quantity of each kind varies to a
very great extent in different fish and seasons. The plants, animals and detritus
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found in the digestive tracts of the silver carp, bighead and mud carp are as
follows:

A. Phytoplankton
1. Chlorophyta (green algae)

Spirogyra, Scenedesmus, Ankzstrodesmus, Pediastrum, Protococcus, Char-
acium, Tetraedron, Chotatella, Cosmarium, Dictyosphaerium, Chlorella,
Closterium, Selenastrum, Coelastrum, Gloeocystis, Crucigenia, Golenkinia,
Oocystis, Staurastrum, Kirchneriella, Ulothrix, Xanthidium, Quadrigula,
Actinastrum, Tetrastrum, Hydrodictyon, Fleurotaenium, Chaetophora,
Coccomyza, Penium, Arthrodesmus, Stigeoclonium, Westella. Schroedria,
Tetraspora, Nephrocytium, Polyedriopsis, Oedogonium, Pemicom, Botryo-
" coccus, Actinospherium, Elakatothrix, Euastrum, Asterococcus, Closteriopsis,
- Sphaerocystis, Micractinium, Dimorphococcus, and Mestaemium.

2. Bacillariophyta (diatoms):

Navicula, Melosira, Frustulia, Synedra, Cyclotella, Pinnularia, Fragzlarza,
Stephanodiscus, Nitzschia, Amphora, Cymbella, Meridion, Surirella,
Achnanthes, Cymatopleura, Eunotia, Diatoma, Tabellaria, Gyrosigma,
Climacosphenia, Gomphonéma, Neidium, Suniella, Bacillaria, '

3. Cyanophyta (blue green algae)

Aphanocapsa, Microcystis, Anabaena, Oscillatoria, Phormidium, Merismo-
pedia, Chroococcus, Ceolosphaerium, Dactylococcopsis, G'loeotrzchm, Spirulina,
Gloeothece, Lyngbya, Aphanothece,

B. Zooplankton:

Chlamydomonas, Phacus, Lepocinclis, Stentor, Filinia, Tintinopsis, Nassula,
Asplanchna, Keratella, Trichocerca, Lepodella, Asphanckna, - Copepoda
(Cyclops, etc.), Eudorina, Arcella, Bosmina, Daphnia, Malleo-ramate,
Difflugia, Gymnozyga, Euglena, Lecane, Acanthocystis, Volvox, Rotaria
Brachionus, Tarchelomonas, Monostyla, Paramecium, Actinosphaerium,
Aphacus,

C. Detritus

Organic particulates chiefly from fish facces, decayed peanut cake, soybean
“ cake, rice bran, dead leaves and aquatic or land plants.

Among all the chlorophyta listed above, Scemedesmus is found the most
abundant in the digestive tracts of the three Chinese carps, especially during
the months of May to September. Then next in abundance are Spirogyra, An-
kistrodesmus, Pediastrum and Cosmarium. Of the Bacillariophyta, Melosira 1s the
most common and abundant; Navicula, Frustulia, Cyclotella, Synedra and Nitzschia
are often seen, but not in such large quantities as Melosira. Of the Cyanophyta,



Aphanocapsa and Microcystis (Anacystz's) are the most abundant. Anabaena,
Oscillatoria, Phormidium and Coelosphaerium are found in all the digestive tracts
examined. ‘

The plankton in pond A and B from August to November, 1968 is shown
in figure 1. The following is a list of plankters found in the water samples.

Chlorophyta—Scenedesmus, Pediastrum, Ankistrodesmus, Schroederia, Tetraedron,
Selenastrum, Crucigenia, Chodatella, Tetrastrum, Actinastrum.

Bacillariophyta—Melosira, Navicula, Synedra, Eunotia, Nitzschia.

Cyanophyta—Merismopoedia, Microcystis (Anacystis,) Anabaena.

Protozoa— Eudorina, Euglena, Phacus, Trachelomonas.

It is interesting to note that the plankton organisms identified from water
samples are much fewer in kind than those from the intestinal contents, This
signifies that the silver carp and bighead are extremely efficient in filtering out
the plankton developing in the ponds, while the water samplers can trap only
the most abundant ones and miss the less common ones. Many Protozoa or

nannoplankton are commonly found in the water samples, but they cannot be

identified from the digestive tract contents, probably because they have been
partly or totally destroyed by the digestive enzymes.

Table 1. Percentage of number of cells or particulates in the digestive
tract of silver carp in different months:

POND A WITH ARTIFICIAL FEEDING

Type of feed _y Feb. | Mar. !April May ‘ June | July | Aug.| Sept.| Oct. | Nov.

Chlorophyta 18 21| 12| 48! 8 |29 54 3|25 | 2
Bacillariophyta 225 4010 13| 5| 8|13
Cyanophyta 10 5 66 8 ! 5 5 .6 6 8 5
Zooplankton 0 6 2 9 1 6 8 12 4 5
Detritus 60 43 16 25 ﬁ 9 24 27 44 | 50 61
“Total 100 100 [ 100 | 100 | 100 | 100 |100 | 100 | 100 | 100

L

POND B WITHOUT SUPPLEMENTARY FEEDING

Type of feed Feb. | Mar. 5 April | May ( June‘ July ‘ Aug. Sept.i‘ Oct. \ Nov.

 Chlorophyta Ll 70 4] | 1 || 2| s
Bacillariophyta 12 ] 26 8 7011 5 4 200 0
Cyanophyta | 75 | 62 | 54 | 69 | 49 | 61 | 73 | 12 | 92 | 6
~ Zooplankton 1 1 4 2 2 § 30 3 3 2 2
Detritus 2 4,4 |8 9 14 9| 6 4|

Total 100 1100 100 | 100 1100 j100 |100 ]100 100 | 100
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Table 2. Percentage of number of cells or particulates in the digestive
tract of bighead in different months:

POND A WITH SUPPLEMENTARY FEEDING

Type of feed l Feb. ‘Mar. April| May | June [ July ‘ Aug.i Sept.% Oct. \Ncl\;
Chlorophyta 18 122 | 13| 13| 66 | 23 | 24 1 ‘ 5 ‘l 5
Bacillariophyta 1 290 91 4 | 27 o7 9 95
Cyanophyta s |3t 12 9| 312 ’ 8§ 8.1 3| 3
Zooplankton Pl 4 2 11 30005 ) 21 6 | 8 5
Detritus } 47 | 34 | 69 | 40 | 22 | 41 | 40 | 58 ‘ 5| 8

Total ] 100 | 100 [ 100 | 100 | 100 |100 | 100 i 100 ‘ 100 j 100
POND B WITHOUT SUPPLEMENTARY FEEDING

Type of feed Feb. gMar. April | May | June ! July | Aug. | Sept.‘ Oct. ENOV
Chlorophyta ol 1| 8] 8l n2lmn| 23] 1 { 2
Bacillariophyta 11 19 1 1 12 2 1 0 0 0
Cyanophyta 56 35 68 68 61 63 87 83 75 \ 55
Zooplankton 11 2 9 8 4 8 5 1 701
Detritus 13,30 14|15 1| 14 5 7017 36

Total 100 ilOO ilOO j 100 | 100 '1100 i’mo 100 | 100 | 100

Table 3. Percentage of number of cells or particulates in the digestive
tract of mud carp in different months:

POND A WITH SUPPLEMENTARY FEEDING

Type of feed Feb. | Mar. April] May | June | July ‘{ Aug.l Sept.} Oct. i Nov.
Chlorophyta 8 | 51 10| 10| 40 | 20 | 23 1 17 | 131 13
Bacillariophyta 66 51 10 14 : 3 14 18 | 18 6 } 10
Cyanophyta 9 | 12 2 40 4 4 | 10 4 4 5
Zooplankton 0 1 2 2| 2 3 2 3 30 5
Detritus 17 | 31 |76 | 70 | 51| 50 | 47 | 58 | 74 1 67

Total } 100 | 100 | 100 | 100 | 100 | 100 I 100 ' 100 j 100 \ 100
POND B WITHOUT SUPPLEMENTARY FEEDING

Type of feed Feb. } Mar. April{ May [ June ' July | Aug. Sept.‘ Oct. | Nov
Chlorophyta 121 4| 8! 14 ’ 17|16 |12 15 | 14| 13
Bacillariophyta 53 160 | 26 0 28 | 15 | 14| 6| 11| 6| 3
Cyanophyta 17 ‘ 30 6 13| 6] 2 | 17| 9] 10 2
Zooplankton 0 1 1 2 “ 1 4 3 4 2+ 2
Detritus 18 | 32| 59| 435 61| 37 |6 | 6l | 68 | 60

Total 100 | 100 | 100 j 100 | 100 }100 Q1oo | 100 |1oo 100
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Table 4. Comparison of intestinal contents of silver carp, bighead
and mud carp in pond A and B. Data obtained in February
to November, 1968. Artificial feed was applied to pond A,
but not to pond B,

Digestive tract contents (95 cell/fish)

Kind Silver carp Bighead Mud carp
Pond A | Pond B | Pond A | Pond B | Pond A | Pond B

Chlorophyta 341 113 20.8 7.2 16.8 12.5
Bacillariophyta 12.2 7.4 12.4 4.7 21.0 22.2
Cyanophyta 12.3 67.0 9.4 65.1 6.2 13.2
Zooplankton . 5.2 2.3 - 6.6 68 | 2.0 2.0
Detritus 36.2 12.0 508 | 162 | 540 50.1
Total 0 |10 | w00 | 100 | 100 | 100

From the analysis of the contents of the digestive tracts, the first thing to
be noted is that all the silver carp, bighead and mud carp ingested autoch-
thonous and allochthonous detritus, the majority of which evidently derive
from supplementary feeds as well as from animals and plants grown in the
ponds. As shown in tables 1-4, the digestive tract of the bighead from pond A
with artificial feeding contains 22 to 75% of detritus, whereas that from pond
B, to which no artificial feeding has been applied, contains only 5 to 35% of
detritus. Similar situation is also found in the case of silver carp. - But ‘the
mud carp appears to consume more organic detritus than small plants and
animals and are indifferent to the application of artificial feed, possibly due to
the fact that in both pond A and B decayed organic material is equally abun-
dant. As diatoms (Bacillariophyta) are inclined to sink to the bottom, compara-
tively more of them are consumed by the mud carp (table 4).

It is’ observed that plankton feeders are generally provided with spongy
gillrakers like those of the silver carp or with numerous long, closely set
ones like those of the bighead and goldfish, so that planktonic organisms and
organic particulates in pond water, usually at a concentration of less than 2
ml1/1 can be concentrated through the process of filtration at the gill-rakers.
But, in the case of the mud carp, an entirely different condition exists. Here
the gill-rakers of the mud carp are very short and rather widely set, a structure
obviously not adaptable for filtering planktonic food and yet a considerable
quantity of the phytoplankton (especially diatoms) is always found in the di-
gestive tract. It is hard to explain in this instance how it is possible for the
diatoms and other algae to pass into the stomach in quantity without first being
concentrated by a suitable mechanism in the mouth cavity.
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Figure 1. Plankton succession in Ponds A and B from August to November, 1968. pr.
Protozoa: ch, Chlorophyta; ba. Bacillariophyta; cy, Gyanophyta; ot, others.

When figure 1 and table 4 are compared, it becomes immediately evident
that all these three Chinese carps do ingest whatever plankton that grow and
stay in the different layers of water where the fish inhabit. In the upper layer
of pond water, for example, many species of plankton develop and the artificial
feedstuff applied stay in suspension. Both the silver carp and bighead have had
them filtered out and ingested apparently without making much effort in
selectivity and at the bottom similar feeding activity is also observed with the
mud carp. This aspect of feeding is best illustrated by pond B where Cyanophyta
bloom developed straight from May to November and so was found the highest
percentage of Aphanocapsa, Microcystis (Anacystis) and Anabaena in the digestive
tracts of all the three carps.

Figures 2-7 show that the phytoplankton ingested by the three Chinese carps
varies not only in quality, but also in quantity according to seasonal successions
of phytoplankton in pond water. In pond A where artificial feeding was
administered, Chlorophyta bloom began in May when the temperature rose
above 22°C and continued till October. In this period the silver carp and
bighead had plenty of Chlorophyta and Bacillariophyta for nourishment and as
a result they attained rapid growth. The rate of food ingestion of mud carp
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also increased as water temperature rose (as shown by the increasing number
of plankton cells and particulates in the digestive' tract during the summer
months) and fish growth accelerated correspondingly (fig. 6).

As previously discussed, the structure of the gill-rakers is the mechanism
that governs the type of food to be eaten by the fish. The silver carp with broad,
sponge-like gill plates is most likely capable of filtering the nannoplankton,
Protozoa and minute organic particulates of less than 10 in size in addition to
net plankton. The bighead, on the contrary, has long, fine, separate but closely
set gill-rakers which appear to be capable of filtering only the net plankton,
especially zooplankton (table 4) and organic detritus. This postulation, though
based on general observations but without any actual count of digestive tract
contents to prove it, is strongly supported by circumstantial evidence. One of
the facts is that in any freshwater ponds with application of inorganic fertilizers,
the production of silver carp and bighead is always at the ratio of 2-5:1. The
stocking rate for silver carp and bighead, therefore, should be in the proportion
of 5:1 in terms of fingerlings, for the bighecad will grow to two or three times
as heavy as the silver carp. For example, the Taoyuan Fish Farm, having 850
hectares in pond superficies, produces annually about 50% in weight of silver
carp and 20% of bighead (in a total production of 480,000 kg). The actual
production of silver carp and bighead in all ponds does vary from case to case,
but the percentage of silver carp production is always higher than that of the
bighead, never wice wersa. This leads naturally to the belief that silver carp
feeds on net (large) phytoplankton as well as nannoplankton, the total popula-
tion of which is many times that of zooplankton in ponds.

In comparing the condition of growth (figures 2-7) it appears that the fish,
especially the silver carp and bighead, in pond A grow faster and healthier than
those in pond B and this is possibly attributable to the superabundance of
Cyanophyta in the latter, which are generally considered as algae of low
digestibility, whereas in the former Chlorophyta and Bacillariophyta are more
abundant.

Fish gain weight mostly in the months from May to October as shown in
table 5, in which the silver carp is found to have the highest weight gain (5-
6.8 gramsf/day) in July and August, and the bighead 15.7 g/day in September,
while the mud carp’s growth is extremely slow.

Instances are known that mud carp can thrive mainly on peanut cake,
soybean cake, rice bran and cornmeal, but no experiments have ever been car-
ried out to feed silver carp and bighead in all possible ways with artificial feed
and see how they grow, probably because such endeavor would be of no econo-
mic importance. ‘

Although the digestive tract content analysis was made for three sections,
the stomach, intestine and rectum, the data obtained so far are not relevant at
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Table 5. Meanweight gain in g/day in the two experimental ponds

Month Silver carp “ Bighead Mud carp
March 1.0 | 1.0 ‘ 0.1
April 1.0 ‘ 1.6 0.1
May 2.2 3 2.9 3.0
June 4.5 - 42 : 1.0
July 6.8 ; 0.8 0.6
August 5.0 ; 3.2 0.5
September 3.2 ! 15.7 1.0
October j 1.7 ‘ 4.8 1.0
November | 0.5 1 0.5 ] 2.0

|

all with respect to the food of preference and digestibility, because in our an-
alytical procedure no effort had been'made to establish the degree of digestibility
for each group of phytoplankton in the intestine and rectum.

Summary

1. In the digestive tracts of silver carp, bighead and mud carp, phytoplankton,
zooplankton and detritus are found in different proportions. Phytoplankton
is generally dominant in the digestive tracts of silver carp and bighead, while
detritus is dominant in that of the mud carp. The bighead’s digestive tract,
however, contains a higher percentage of zooplankton than those of the silver
carp and mud carp.

2. In the aquarium the mud carp gains weight on such feedstuff as peanut cake,
soybean cake and rice bran.

3. 'The silver carp, bighead and mud carp all consume artificial feedstuffs as
well as natural plankton. The type and size of particles to be ingested
depend a great deal on the structure of the gill-rakers.

4. On the basis of information obtained in this study and that available in
literature, it can be concluded that silver carp feeds chiefly on net plankton
as well as nannoplankton; the bighead on net phytoplankton and zooplankton;
the mud carp on detritus and phytoplankton.

5. Although the digestibility of different food may not be the same, there is no
way to determine the food of preference in the present study. All the three
Chinese carps appear to ingest whatever is available in the pond, provided
the size of food particles is suitable for ingestion.

6. As the silver carp and bighead definitely grew faster in pond A where
Chlorophyta and Bacillariophyta were dominant, than those in pond B where
Cyanophyta were superabundant, inference can be made that green algae and
diatoms are more nutritious to these two fishes than blue green algae.
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7. The growth of fish and the development of plankton in ponds depend on
temperature, nutrients from fertilizers, application of feedstuff and the types
of plankton autochthonous and allochthonous in ponds.
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Summary

Penaeus monodon Fabricius is a large prawn that fetches a high price in the Tai-

wan market. It is cultivated in ponds in combination with milkfish, Chanos chanos
Forskal; prawn larvae are collected from river mouths and estuaries from April to
-November and reared in small ponds to-small shrimp for stocking purpose.

The present study is an attempt to propagate this prawn artificially in the hope of

making young prawn for stocking independent of the natural supply. The following
is a summary of the results in the present study:

D
2)

3

8

5)

6)

Three mature female prawns were collected and transported live to the laboratory
from a shrimp trawler; two of them spawned successfully giving about 12X 104 eggs.
The egg is spherical and isolecithal, its diameter measures about 0.25 mm, its mem-
brane-is colorless and transparent. Newly laid eggs sink to the bottom like those
of P. japonicus.

The cleavage is holoblastic and almost equal, and it takes 12 or 13 hours from the
spawning of the egg to the hatching of the larva at temperature of 29.2°-30.5°C,
salinity 34.20-34.49%,. )

The body length of the newly hatched nauplius measures 0.32 to 0.33 mm; nauplius
molts six times; by each molting it grows larger and the number of setae at the
tip of the appendages (except the mandible) and that of the furcal spines increase.
The zoea of 0.91 mm in length appears 22 to 25 hours after hatching and the larva
begins to take food such as diatom, Skeletonema costatum, and molts three times
during this stage.

By the third molting of the zoea, the mysis stage is attained. The body length of
the first sub-stage of the mysis measures about 3.4 mm, second 3.9 mm and that of
the third 44 mm. They are fed with the naupli of the shrimp (Artemia salina).
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Fig. 1

Fig. 2
Fig. 3

Fig. 4

"

The culture tank used for this experi-
ment.

Eggs at the end of Ist cleavage.
Nauplius in egg-shell immediately be-
fore hatching, 12 hours after spawning.
Ist nauplius.

Explanation of Figur

8

es (Penaeus monodon)

Fig. 5
Fig. 6
Fig. 7

Fig. 8

e B8 s

Ind zoea.

3rd mysis. ;

Postlarva, 2.3 cm in length (29 days
after hatching).

Young prawns.



7) The first post-larva measures 52 mm in body length, about 3x 10! first-post-larvae
being obtained from about 12x10* fertilized eggs. The larvae were reared indoors
in two tanks each of 500 1 capacity, and fed with minced clam, Meretriz lusoria,
after 5th post-larva stage.

8) The 20th post-larva measures 20mm in body length. Only about 6,000 of them are
left because of the shortage of fresh sea water in the Tainan laboratory.

— 3] El

4R (Penaeus monodon) H£BELHHATETIH » BAAEREEZ — » HEER2ER
FRFRMEMBERESE » ALERENBEESVE » ERETHEZEEMDAEFRERE
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WE Bk R BN AR LS EE
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Summary

The prawn, Metapenaeus monoceros (Fabricius), is an important crustacean for

culture in association with milkfish in ponds. However, little work has been done with

regard to its artificial propagation.

In the present work an attempt is made to propagate this species artificially and

the results obtained are summarized as follows:

D

)

3

D

=)

6)

Nine fully ripe prawns were collected live from a shrimp trawler and kept in
plastic tanks of 500 liters with constant aeration. The next day four of them
spawned giving 28 x 10* free separate eggs.

The egg is spherical, isolecithal, its cleavage being holoblastic and equal just like
that of the other Penaeidae and its diameter 0.26 mm.

Its cleavage takes 12 to 13 hours from spawning to hatching at temperature of
29.2° - 30.8° C, salinity of 31.11 - 32.47%,.

The body length of the first nauplius is 0.27 mm, the first zoea 0.78 mm, the first
mysis 2.3 mm and the first postlarva 4.8 mm.

Present workers found Metapenaeus monoceros hardier than Penaeus monodon. At
a stocking density of 25 larvae/l, the nauplius developed to young prawn satisfac-
torily without renewal of fresh sea water.

Finally 4960 young prawns were obtained.
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Fig.
Fig.
Fig.

Fig.
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Explanation of Figures (Metapenaeus monoceros)

Eggs at the end of 1st cleavage.
Embryo, 6 hours after spawning.
Nauplius in egg-shell, 11 hours after
spawning.

5th nauplius.

Fig.
Fig.
Fig.
Fig.

o R e

~ O\

2nd zoea.

Ist mysis. .

Postlarva, 1.4 cm in length (32 days
after hatching)

Young prawns.
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Biological Study of Oyster Culture in Chiayi

O A

By Yao-sung Lin

Research Fellow (Part Time), Rockefeller Foundation Fish Culture Research Program

Summary

The temperature of Chiayi oyster beds ranges between 16.5-30.5°G which is suitable
for the gonad development and spawning of oyster the year round.

The critical temperature for oyster spawning is 20°G in Japan and America, but
it is lower in the Chiayi area, anywhere between 16-20°C. Whenever the tem-
perature rises 2-3 degrees above the existing temperature, spawning always occurs.

Gonad development in hardened seed oyster is slower than that of ordinary seed
oyster in the first two months of culture, after which it becomes similar in both
cases.

August is the hottest month in Putai during which oyster seed collection is im-
possible. The most favorable season for oyster seed collection is from September
to April.

Oyster usually becomes thin after spawning. It is advisable therefore to harvest
marketable oysters before spawning.

In Chiayi the oyster grows fast in the period between April and August. It slows
down or stops growing from September to January. In a period of 9 months,
oyster can grow to 6-7 cm (shell height), a growth condition similar to that in
Hiroshima, Japan.

During hardening period, the growth of seed oysters is very slow, but when they
are transplanted to culture beds, their growth becomes faster than that of ordinary
oysters. When the shell height of the hardened seed oysters reaches 5-6 cm, the
growth rate becomes the same as that of the ordinary seed oysters.

In 1967, the mortality of oysters in Putai was about 36.8%5. This was probably
due to poor seed oyster quality, parasite attack and production of H;S from the
bottom mud.

In 1968 oyster mortality was much reduced in Putai and Wanglin. But the
mortality of Yenshuishi oyster reached 37.6% in May 1968, attributable probably
to low specific gravity..

In areas where oyster grows fast, mortality is always high, probably due to sudden
weakening by spawning of the fat and healthy oysters.

% This study was supported by grants from the Joint Commission on Rural Reconstruction and the
Rockefeller Foundation, and was submitted as partial fulfillment of requirements for a degree of
Master of Science in the Institute of Zoological Science, National Taiwan Uuiversity. - .

77—



5]

ﬂ\\\'

AEEIEW Crassostrea gigas (Thunberg) SEE—E—T AN > HEF—ET > HEE
SR ME L R RN 9026 o BB HE » —FBURR SR o B 1960444 185 T T
FRIMBERHER » HEUERNEER ST WHRTSE o 2 RANES & T
RBWER R 3.2% » REBEIERES - 7488 ~ TOETER o FRREmERHIREE
o FERERS AT KBRR  BITRIREIYE o MADBNENEME AR TEREERNERSEE
» FAMMBMICT ~ FeIPiRE) ~ ¥ 5SH R DPERN LR o FHELE ERAREER
FRBRRKICERE » TESBEIARER o

FEBENBEREA » BRTE 442508 o 858 H 1967 FRAMBEERES B &2 B » il
BRESEWPA o B 5 B EEEZRTHRBES R MRS  ARERIBEINE ) B1H
ERAREREET » EI0REERZ F0E WHRE 2800 » MEE 1> BN 2 FET- 2R B 36.8
% o HE 196840 [MHVHIE S | FEAARER o #k Ogasawara & (1962) ZHi% » ‘EHE{RET
RIZECER ~ A FERNB T RN RNAERE o AERENBRE TT R REBNEE » RE
PR HER 2 B o

AR EB D

FRAREIE 3 BT L s » 2. 8%E > 3. BUKEE o HfEWE LBiR o

it B EAFRRE A N RF 2 AIEKEER » FOEMR: » ZATEE 50200 &
Ry KBRLI—6 AR o B RzFAEHEH o BER2 MR HKE » AdEHHR s B8 kg
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» REBETI o MAZRNABEEAREERD o BEABRENZESH » FRTRENk
M¥RZ ERH o '

BOKBZEATAE R o EREAY 30 AR 0 SERVKEETE L5 AR o HRZKESEREAY - B
Bl KIAMETT | o IERRE » HEE i T TN o R EE NS AR o

H o R F &

1967458 » PSS IER OE Y, > RIBHE 2 Bk » 1968483 B RBUKIE —3 o FEukE
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1. AREXE

B1196842 4 B & 1969 48 4 ARH4RE H AR F IS ~ BITK TR o JURAFERIERN
WEELE KA EY—XFAERNE TEREZ KR ~ BE - pH, EREE ~ LERGRE °

2. INE W=

196745 4 B BEMARAAAEH: ~ MR B R BUKERA I EMNTEITY » =R 50 (& - fE i
BE RO R T F 4 FRE

(A) iWRIBETR » SLEBEY » WCEREW TR

(B) WAEKEEA AR - WILEERE TR

(C) WSS AR » BICEERH TR o

(D) WicFE2HBAELES KRN RAEGFSRA  BELRIRE

3. EHERE

BERUUTLS » 7% 3+ L5 (7 A-MIRISE S 2 NTE8H ~ TRERSE « AR o RTE2
HEEBRNAT o ik Galtsoff (1964) INKESHRB—RE ()X 100/BFAHE o REMZIEH
FAE o
4 EEHBE

PVIRGEISE 4 SRS TN AR © BERHRBORE S R 6 (R
SR 30 24 » MR FRREMIER T o RETKTE FHARE B » IR~ B » 3
TR AR A 2 R o
5. BEERECHEREE

SRR P R RS » SO A B PET R o
6. &REANE

(A) FRITE 19685 1 5 P TR aomA SRR » SRR SR S
I 0 13 B TAREIREI M SR RBUKRE o Dl ESH R TR REE 3 o

(B) Sl J19684 | HINAr4RiS I RAREZE » SHFIIE 3 FUm o B 4 BB
SSHPURZITHIEG  SABTRIRE R » I KR R RR S A R o KR
A RSAA = » LR N R TARR o

HEWRGERERM T8 > 4 b~ i~ TERREAERE @Eﬁ%"ﬁm (SH) ~ &% (SL) &
BE (SW) » HBlezUinE 4 s o

% X

1. |mREAE
AR » BOTINE S FUR o B2 91 00 ZARgRE 9.6~309°C > T4 3 : 00
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E » 9B E~104] o

ERIMARE /KB HEE 6~7~8 PR o FHAMAT ¢

KR : SERBEHERR » ZRA—FKRZPE » BUKR2Z E8(t—3 o FRTHKIEA16.5
~30.5°C Z[f 0 5~10 B2z KBESREAK » 10~4 H/KBS LE R o

BEERERILE ¢ TSI B 20.5~37%, o LLEES 1.011~1.028 o {BEBEE S 13~36%,
HER 1.011~1.027 o BUKRERE RS 3~35.5%, > LLER 1.000~1.0267 ot =212 35 B W35
) AASHENSEIK BRI ERE ) MRS EELERY » BKERSIOKGERK » B
PEL B » AR R R - o '

EXEE  MEREAEZEESERNAE 48~15 ppm 2 o 3 EaESR—2 0 BE
BETE o

S6E  SEE L EL RSN 0.62~16 g/l > #8% 0.68~1.62 g/l » EEKEE 0.3~1.61 g/l o

pH : 3{EMTE Kz pH {E7s 7.0~82 Zf o Hr DB KRS B LER o

PSR RE1966455 B R 12 B 2 /Kl ~ FE R HEHE » E1FR o kil 15.5~31°C BE
1.016~1.024 o EF/KRERLERE » 2T KRERLERS o

2. WZEEHEW

2.0 SREEBE : B 9~ 1011 3 3 (EHEARARIN 2 SUSBAUEE o B IDELIEHE 18 2 Bk
» ATHEERIN ERRON o B UL JUIE B AURREE A » AR S B Sn AR ISR 2PTR o f5—HE
ROBTEASIB 4 ocETE » EERRERERERS o B 12~ 13 SARREN ISR » HI50IT
HHESEIIAR ) RSB EHEEEL o

12 EH AR RMRERTE S RBELD 14~ 15 iR o REFS » BALENEEE o
TR EEE L SEOE 10~4 B > BNRREZFH 11~3 F—% o RErmSBREmEmm
B TEBENE LS ENEES o AB/KRNIN » FFEEE  MERHLER » RESHEC S
H o BB S

2.3 FEHEE : B 16~ 17~ 18 5 3 (i IEME AR o BB DA RHRRES
HEAERR » B RERE SRS - BREANTHERIE Z SRR © 3 (AR AT
W LER » MEEEXRY » BKEER/o

24 pEArEREpETIE ,

% 3 SAR4SH ~ B 1967 SERB N2 SRS EFEHE o 4455 1968 £ =HE 44137
W S HEERE o 2.5 BA4SE 1967 & 1968 R EMEMINET B GHER o X 6 55T
AU RTEIREE Y BT o 38 7 S740K: ~ SIERIIE 1968 4RiMsET A B o

B SRR > 1967 & A4S SERITE 10 B130 » SRB 2 ABBT RS 2.8 F » BE
2l (HIE o BT 2 BAEMIECEER 301~4829 » T 1968 4445 0.83~3.55% » MidezpET
EEBEEYER » HUBREECRRE e RSN TRENEZRIEE » AMERR
SE—FEBE G ) FETAE R S o

1968 ZEEKEMITR 6 Rilw STy ARmEs 4718 # TR 6 B TazHaR
S 28.8 {f > FET-ESiE 37.6% > HILTH 4B » 88/ PR » (hELE R B o

25 EEE
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£ 1 1956 £AEkE - HE - SBEE

H b1 H = 7K # °C [ E) i °C
1967. 5. 19 1.022 29.1 33.1
8. 4 1.016 30.6 30.5
15 1.019 30.5 310
9. 12 1.017 31.0 32,0
30 1.020 28.0 29.0
10, 5 1.020 268 21.3
24 1.023 18.8 | 18.0
11. 22 1.023 18.0 19.1
12. 06 1.023 17.0 16.2
12.22 - 1.024 15.5 17.0
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® 2 RURRETHNEMAL

L. I Vi S - I -3 % Bk B’
FWMxF— | B B~F B A HB~H H HBH~E H
1 4. 12— 4. 19 © 5 3—5.17 5. 8—5.15
2 5. 4— 5,10 5.24— 6. 6 5.22— 6. 6
3 5. 24— 6. 14 10. 25—10. 29 10. 21—10.-27
4 11. 3—11. 24 1. 21— 1. 24 11. 14—11. 26
5 12. 17—12. 25 2. 11— 2. 26 12. 10—12. 20
6 1. 13— 1. 19 3. 10— 3. 15 1. 13— 1. 23
7 26— 2. 9 2, 23— 2.27
8 2. 22— 3. 1 3. 4-3. 6
9 '3, 6—3.16 3. 16— 3. 24
B %o ¥ %7 20} 7 fos it
1968% 1948 /;/694 19694 1969 19694
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3 1967 £H%E - PREVSIRTHESERALT
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e W #i 4 s EEE
e \%\% 12 3 4 5 6 1 8 ‘ 1 2 3
= B 59 13 6 23 22 17 13 15
7 H B 4 9 10 10 32 26 17 10 15
/8 = 38 8 9 41 3 8 14 2
ES o 4 9 10 8 32 27 12 12 17
E B 7 2 1 5 3 2 | 17
F Bl 7 1 2 2 4 2 10
B0 BlS 2 1 3 3 1 18
7 B 6 2 1 3 3 2 15
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' i BI1 0 23 4 6 11 10 | 19 15 13
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% 1 19681969 £EPITSERRTHEEYABLAE

A joess 196942 - %
5] 5 6 7 8 9 10 121 1 3 4|
83.0 61.6 543 385 335 — — 39:6 350 . e
2 | 286 — 170 — 19.4 192 N
3| 328 — 198 — 197 152 — 146 « BRI
4 | 338 — 230 — 200 174 — 168 CEIMINE
5 194 — 153 12.0 140 155 10 AR
6 197 — 2.5 17.0 155 17.5 135 B @i
7 200 — 210 12.0 153 17.5 135 CHEIHIN S
8 172 170 — — 17.3 213 ABIHIE
9 | 152 203 — — 186 117 BRESIINT
10 174 227 — — 200 16.7 GRS
11 194153 — — 172 107 7.3 AV
12 197 138 — — 197 88 95  BEAMNY
13 200 — — — 212 140 120 gc@wﬁumg
14 146 — 115 87 B
15 168 — 115 148  CEIHEE
6 144 70 | BKEZ IS
. 86 72 | BUKEZIME
18 | 61 — —350 — 317 — — 203 — 24 165 {EREEzEENY

2. 3. 4. SRS 2 AR
5 6. 7. BRI ARABKES Y

8. 9. 10. B10H25 H B mkE 2 oy
11. 12, 13. B9B 12 H BA R HIE
14, 15. 312 528 H B RAndSik 2 3
16. EEKEZ ISR EDRAES

17, BEKERZ M BB RN
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RO HREBEBERAXRTHEATNIS (%)

B 1 2 3 4 5 6
B O
1967 45 128 ‘ 29.8% 343 48.2 418

1968 4 128 . 0.83% 20.8 1.25 1.68 2.91 3.56

* 6 1967 BM BB ETERRTEZME (%)

]

B = I H B T R
H ;{ 1 2 3 4 5 6 7 8
o4 o 6% M2 N3 41 B6 06 | B0 56
Mok B 32.1% 394 255 240 257 323 275 381

| | |
F 7 1968 FEEEBEWETEZ AL

e ;; B 5,6 67 6,8 12,9 8,10 1/l
o4 5.33% 7.78 470 14.19 7.74 9.31
@ & 8.409 9.94 530 1382 1003 12.73

1920 P o ZPEZ 11 H 19 BABZ THRES 2.39-3.22 cm s £EESEIE » LB 1
246 SNz Az REE IS 8 0 B 10 B23 B &AW FHsass 2.20-3.26 cm 2 BURHAY:
W2 AREME o MRS RMSEHRERENN » HAERESIHILE (B6HH) B5.58+
1.00 cm » B R EH0I0 ERBEG TR 2 W e B o
1967 48 12 B R4S IRE RS MBI 2 A R 21~ 22 FER o BKAESH4H A
ZFEREEE 5.30~6.67 cm Z A 8F DIBAEE M REE » T19694E1 B 6.00~6.30 cm »
B EE c HBMERYNEEE B 4 A | HABWZ FHRES 1.26~784 cm» BES
4.78~4.97 cn s BREE 1.82~1.96 cm o
FEHEES 152~ 4~ 6 BHiN7E 1968 4ERTH AR Y B INE IR o HeEEH 1967 £ 5
BRI » BBV R » AW TR EELIE 4.63 cm ~ 5255 5.52 om ~ 435 6.01 cm~ 5
635 6.83 cm » HARBHLUREIMEEEE o F ~ i ~ T2E 2 st —B Rk I F B o
19674812 MBS E W N E R E 2 WAEE » I 2324 PiRoc 29 F 2 E& BT
BB EE L I8 4.75~5.66 cm ~ 5 2 ¥ 5.03~6.61 cm » HABBEHEASUE 34 5508
* TTEEEE 6 VA FS3E o B 1969 42 1 HEE | ¥ PR E S 5.55~6.01 cm » 8 2 545 5.32~5.77 cm
» ATRL 1968 42 9 B 1969 4E 1 H B T-{mng o
1967 4 12 B 8B MEHRE » 1968 42 3 B BB KRR Al 2 (AL 2 BEANIE 25 B o Bl—4F »
HRWZHBEE 545~5.88 cm > Mt 47 HAeREEE 0 710 BEOPREE 0 T 9 B
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%8 1967 EHRVEF L 2 4 6 FRHTZERELE (om)

¥R 8% 1 ¥ B LW % 4 5 % 6 ¥
H#ER X SD ¢C X SD ¢C X SD C X Sb G
= | 210 053 2690 | 2.56 0.47 19.03 | 2.38 0.30 12.80 ; 3.03 0.44 4449
2 /| 217 053 2251 230 0.60 2756 1 2.64 045 1747 316 044 1422
B 224 054 2406 248 0.65 2217 12.64 044 1698
4 = F | 155 053 34891 1.85 047 2637 | L76 025 1416 | 197 0.58 30.07
/ % d1 | 154 0.78 52.01| 1.90 0.40 21.85| 1.91 0.32 16.88 | 2.12 0.51 24.81
8 F| 154 020 13.00] 191 1.04 5589 1.89 0.45 24.88
& | 085 022 2651 084 037 46.02 | 0.94 022 2391 | 112 0.33 30.10
= B 092 027 3055 097 032 3397 1.01 022 2252 L16 0.24 21.04
T | 069 019 2334 098 0.54 5635 0.90 0.30 34.27 |
o E | 220 049 2300 2.75 0.67 2537 | 2.95 1.12 3914} 281 0.78 2832
2 m | 2.51 047 1938 291 045 17.55| 2.87 0.65 23.87 | 3.11 0.58 18.96
R ]0319 096 3138 | 3.25 0.63 2113 | 326 0.61 1918 | 2.96 0.83 2891
23 e E ] 151 034 2310 1.85 049 27.65| 2.02 0.75 3848 | 1.99 0.65 3542
/S % M| 178 032 18.66 | 2.07 044 2446 | 2.02 0.74 3856 2.21 045 20.29
C10 2 F | 198 0.69 3512 | 2.40 0.64 2896 | 2.25 039 1792 | 2.05 049 24.98
= 1 102 033 3290 |. 1.04 020 20271 1.19 032 28.03 | 1.07 037 39.14
2o | 112 022 2025 111 021 2128 1.04 0.35 3508 | L.16 021 18.44
T F | 116 028 2433 1.30 042 3496 | 1.19 026 22.65| 116 0.29 2555
=9 1968 = EE L 2, 4, 6 FRMHERELE (cm)
¥R %® 1 ¥ % 2 ¥ 4 ¥ % 6 ¥
Bk X SD G X SD C X SD C | X SD C
wn, B 274 0.29 11.01 | 3.62 0.47 13.12: 3.61 0.61 1633 | 4.75 0.67 = 14.39
.- %gFP 3.08 049 16.03| 3.77 0.63 1720 399 0.70 1770 | 5.10.1.17 . 23.25
. R0 388 059 1558 | 3.61 0.64 17.81] 3.82 0.81 21.39| 517 0.19 18.53
22 = | 1.83 027 1515 245 057 2346 | 2.56 0.50 19.86 | 3.09 0.56 18.29
/S % | 251 036 14.59 , 2.68 0.56 2142 | 2.56 0.59 23.56 | 3.24 031 9.70
6 F 250 034 13187 2.24 0.15 2045 | 2.80 0.53 19.10 | 3.25 0.45 13.96
o k1107 022 21191 115 016 1434 | 1.24 035 2848 | 1.53 029 1897
%_ | 123 018 1477 ] 1.32 022 1727 , 1.34 048 3589 113 029 17.09
T 116 023 20.18 | 1.08 0.21 20.01 ‘ 1.29 0.28 2190 | 1.61 031 1899
ﬁ E 4.63 0.89 19.69 | 552 0.75 13.88 | 6.01 1.52 30.17 | 6.83 1.02 15.18
B oi o479 079 1687 ] 542 0.70 1319 | 591 1.62 128.04 | 6.83 1.06 1585
MR 425 052 12.69 | 5.83 117 2052 | 6.20 1.03 1691 | 7.29 0.81 22.74
12 o E ‘ 3.61 057 1101 415 059 14.67 | 507 1.01 20.19 | 541 1.09 20.49
/S % B | 316 057 1621 | 434 0.64 1506 | 493 099 2049 | 543 1.00 1885
9 T ‘ 325 081 2571 | 4.61 1.05 2297 | 469 099 21.59 | 583 0.76 13.20
2 B | 149 019 1349 | 173 041  4.05 )| 343 0.78 2297 | 1.88 047 25.37
= o 1.49 0.18 12491 1.58 031 20.10 | 291 0.60 20.05 | 2.00 0.20 1041
T “ 1.48 029 20.60 | 1.83 040 22.48 7 291 059 20.15| 1.79 0.50 2844
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BIRFERSEOKE S » RIABFET » /NI EIB B2 BKEE /B » FET-H /0 o JBTDLL0 HE
MR 0 W2 FBEER NS BE o 10 BUBEREUMER  kEL BR 3 B BEE
’ 3}% TR EE 5.37~5.88 cm o

DUR Bt SN S R B P

IS RIS A RENE 26 R £EBERE - Fﬁﬁézgﬁﬂﬁ WEZEr 98
128 » i A B8 249 cm~B B2 3.01 om~ C B8 3.32 cm » [BEHE S MHERELEE o

AR S L R 9 B RE K AR L A B Py FA N 27~ 282 28b Fimo 9—11
Bz TSR AN S ) BER RS RS KRR o
L AT12 8 i BTG » D X BARI8 » B4 B i ARSI 4 B8 S 4.85~5.36 cm
s BEHISE 5.32~6.14 cm » C &I 5.10~537 cm » KDL B EaY A BEE o

10 25 B BAB KR 2 S0 AR B iE 29 ~ 30 ~ 31FTR o BESH—MA (115258
F125250) B RAEEEERET > A BHSM®EA 25 cm~B & 30l cm~C & 2.85 cm >
{HE 12 B DB RRINZET » HlEs B4R B KT8/ o

19684:9 B A~B~C =B BEAEEE2 ABEMNE 3233~ 34 fR ' kER
Bz o 42 10 B 11 B » RIEFET » S EEREREE ) o i B By 11 Bix
LLEZM » £ETEREER 1.5 cm» BeERmEPEL IR m?ﬁ:ﬁ&ﬁ] BWETHEE 1 cm
T REESRE

19684712 A 28 H B~ C “EHHIEBRE M HABE MR 35 36 fix o AT
BERE 1 cm B AEBIREEE o :
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BNEETEE  ABTERER 533 cn~FE 419 cm s FRE 1.63cm o TE—HBBEAHAERE
EZO6F | BF¥EEE 420 cm ~FE 3.06 cm ~HE 141 om o gy b EEBOTAEIGI R RAFHE
EAB RS ERE -
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1 IR SN

£ EEEARP RN EES » TERERNNHINET » AZZEHRRG o —&F2Z

o i BTN o RN EEE o Bg (1929~30) » g (1934) FREZRA
L INRSEE A INRIREEY o % 1966 47 8 B ~1967 42 7 AREAFARIHRERERM » B
FERTERESI 0 2ARETRHEE » MR ERD LS o ZRERENgE— I E A& ~ £
Bl o SRR - RS EWVTEY » T RS TARERET o WERSIUKEA
412 (% o Loosanoff (1937) » BB AEAEMBEMEE T WR(RIEHE S 10°C» ARBHREHATE
BRI o EENAR » WEASRRERERNME » DIRHRGHRBL
 ERERRESEEN o ERESE ) KEAMTABZFAR o TR Tt MRS
& 67 B ATEEEEEREL o Ogasawara (1967) BEFEWERLLER 15°C ZkiEZ
b RARERNERIRS BE o WREINE » Rz BHTESYERATEMN  NRETERILES
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BREEE KR ESEHR o RILAE I 2 PRIk 8L B RS R E B 4 o

FEW FARETHENER » B—ERPERERKEELLH o B SERRE WK
I02 BRI BRI 280 (LB SR » S B P HR IR » 8 R M kB EASHE o
Galtsoff (1940) REBRZFEIVKIEZ RAF B MBI RIPEI o Ogasawara (1966) #FREZE
RIS » BEFEERY » DHERGTR » KBERRERE T 2~3°C » QST o [HU KB
SE/KIEREIRHIAT o Galtsoff (19302) 7e@Eps=rEsss C. gigas ZREEINEES 25°C, Elsey
(1933) BB 20°C s FE (1933) s ik (1929) 1 Sato (1948) ZEAH Ay C. gigas % H A
2 EIEKES 20000 glif—3 (1958) Ll C. gigas AAFZ EHEH » kiR 20°C {F
LR o FEESHNAEA 15°CG-20°C 2%y FREEENEE GBS » Whei
IMERRET » BEIREKENALL 20°C SHEGFKIE o B Hopkins (1936) 7-@rasupkis
1 C. gigas 72 8°C EEHHEE o

TRZBIMHE R ROB 128 » 10258 SR A4S ~ B/KERFE o TR 1L B 24 BiEE
DE=BAEAMEEE R » BEEmELER e A~B-C =Bl G 58T bR
BB o MR ARASEEFL R » NERTIRLEE » MRIEERENEEEREE .
TR KR » HONE e o 9B 12 HE 10 B 25 R A mkEE » IEREHE
S ERAEBB B SRR o B 13 SANBENNER=ECHEE > HELpis
FofmBeoall B LNWERD ERY A 2 HEEanSmniEE 3 B 1 HRs
TRE o [EBOKER v 3 BB 9 HRAERMEEN » T 10 5 25 HAMEEIL 9 B 12 AR
g o

1969 423 329 F fuBisaef » 19684538 ~ 98 ~ 108 ~ 128 » BerAfyim B SR 2 fH AR o {2
196942 3 AR IRl 4 SN RTERE o 4 B 19 BRBESd » BHAMNERZHSE
ER o D LW B —JLRABS— FERMAIN S AOEN 12 MAAN » HIEFE LR
FTEEBSE » WHEREN RSN ERKEER &2 3 B 29 HNGEETERRA.
29 BI12HBREMN » A4S BB KR H IR o

Ogasawara (1962) Sl EaES » FERIFENMREDEERE USRI TS
22— o MILT RIMHIT & EBNER » BeTE@ IR EREE o

2. ¥ B

FASBEERE 5 B 1 AREED 8 RRENENRE » RB&RER NS » RN Z 5k
R4 TRy KR IREAERE o Seno (1926) B C. gigas 2 BHEKIER 23-26°C T
29.7°C % 15.3°C B REB RS T EME o Ny (1921) #3 C. gigas BEWRZLE
% 1.010—1.025 ZfH » fiBL 1.014—1.021 WERER & o DL ERSEZ HFKiEAE 30°C 2k
HE 1015 UFRERAGEZ R » Sk BTWHL SRR » SRR R R o

BB 0 9 AR 4 R WIERREN > B9 2 10 AJNGRNE » IREER
& MBI AE . 3B 4 BUSHEY SURREEYIIEE » MERIRAREE 1L FEX
482 IR o

SRR TR FABH BRI E KRAFSE » RERIZEE » WHRINEEEE » das
ERAEREREIERE o HERN (1939 giE— (1938) BRREESKRERWE 2
A0 HEIM SRS RBHEYRE RS EEN ERENIR TIRERR o EIRE
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T » RRBEEFTRE » MREEAREPATER  ErRBEREEINNE o AEEENE
B MR ER  AENEEH R ZRIRHETRAHEK o

3. B A E

BRI 2 A S R B R e 2 SRR A » B E A AR A R R 4
RS 0 BESRRAMARY AR 0 W2 EHEEREER (Ogasawara
1966) o et IEHIEIRAE 12~1 A » WESRIET EBkREE o HEIT I8 S HITISLEED
HHRAE—E » R EAE BT R N2 EBEEE (49 1966) o

W2 AT S B R R RA R =42 Lk (Ogasawara 1966) o Imai (1966) 773
BUNEEIIAT (8 B) HBMIAESE 5 A RBMRIRATL 180 25T IV RUIEAS5 A Re2 54% o

SEAREAIHIEE » RFERRMEZ I 204 3375 B 301 BhKE
© 5.530 HERMRINZIHREMEHER » HERIMSE BB RIMRREZ AN » REURETHARERIT
ZBWHRE » RRE SRR o FE 2 FUITRREEEE » AR 5 TRK
FRABS R B AR v (R o ZEBRIIRTIR » AU R 2 ISR o EERRER
T ARSI Z I 5 AR T~10 BIRRE 1 KB M08 8 AE 10 ARE—XK
HROB 2 HCAHRINRIRSI S B ISR~ o

4. BEFFEALTE

AR L ARFECTRS » BARIHELUR » ERARRTEESERE o RERIN2 stk
1946 456570 % » 1948588 70—80 9% (Ogasawara 1962) » #AE# 1961—1964 427 sE-24S
41.6—62.5% (Imai 1965) o FET-#iE 6—10 B A+ 8—9 AR (ZE 1965) » il 1967
AEATARYE ~ M AR B AEE o 78 B AER AR T 0 RS E o HFHES (1931)
KR 28-30°C » lE 1.023—1.024 SEEFET 2 5k » BB 1.0245 QILESDE o (B4
2 B RAIAREFET o (Seno 1935) BHUE/KIE ~ BHE » s KBS L EL RS HEH
DT o TIARBENESKEAE 30°C 704 » ELE 1.020 DIT » # 1967 £ B2 T
BREERR AR » BHELIER o

e (1953) > Imai (1965) BN 2 FET- 2R RN R E B EE—E N3RS o 1HE
IREAAHEITFET-ZS 2 SR o BuE BRI R B i » BR0EES » BBEDRT » Ris—
B EEB T o

Kanno (1965) ZEIRMFET-2E 60 %L LRHE £ A SR A RSB 2B » 25k
i1 » COD o s ER 0 1968 48 12 B EMRARNART  BRARUENELLSDE
s BTG 8 (AAE  HIETS 90 c HIWPIEHE o 20 (A% » HEBREER 205 cmo 32
EE % EEVREES 235 cm o HIRERESM ERETRM » E RS INEH o M2 RERT » B
G > FETASAR DS o Imai (1955~1966) ZRSERaimShaiEti f » IREEEE
0 RS T ) BE BT o 1967 £HSBIFET 2 R RSHILER o

1967 4FARSTEENSERIT » (A E R 42 ALY » BENEETE 50 ~ 1518 ~ 1555 o g
BfEERT 0 1965 £ HEES AN ERBAREMELBE » 2 4 BREHHE
T (REER 1966) o fRANZNEREESTFE 6 BRNE » EA8E%E » RNEES
ZAER 54 % HRTEES 1.8 % o 4 1968 S£EHE S BMAREREZ e » BENFHR
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BFECHSEE o HILEE  BBIRTIREER 1967 FMKRIFETHERESZ— o

BRI 1968 42 6 5B 10 HE 15 HEfiAR > @EE/KERMMAT E ) RERSRIOKR
» DIRE B BT ER o WESHMZ SMUEEHRINEIE 37.6% » HIAETWNBUEREETLR
» ETh RN R BR B BRI R IR 2 i (Ogasawara 1962) o M EEEHAR B ARE 4R
BRAE R (RS 1951~ 1952) o

# Ogasawara (1962) WHIHIEEEHIST » BT HREFELERNEES o HAE
EEEON o WIS NEAA B AEREE MR L RERE o CRF4nE 1959) o &4
ImERE R 1967 £ REFECZBRE » HHlEE 2R » @FRRE—RK o

3. & R OE

C. gigas BHEEHM 10°C DITFRFHE » HEAEREEBH 75 %4 15°C DLk (Shaw
1962) TARBBAKESE 15°C DUk » FIUASEERERN 2 AR o

ST B R T K Fh M R o B 11~32 %0 W KELEEE 1.0058ER 1025+ i
2 EEESEEEE (B 1920 o /isSisr ok b EA 1.011~1.028 i » g8 23~36%, 5
fEE RN K LE S 1.006~1.028 » B 13~35 % o DI L HIE 7 BEEE Bk B a2 A2 B
o (EAAEKIE R S SRR B » BKILERZ 1000 WHTE LER » BRES
SERARIET o MEFERNE/K » EHEIEE o MSESEEASETHR 1.10 g/l ; H%%E L1
g/l s Bk 094 g/l D=HiE 2 4 BT IRDIEKESE o Ogasawara (1962) SRREE S
PIHESE RIS NAR » R b BRI 3 o

FEARSSHONERRI S » DMREIMERIW £ RE o MR KGR R MR S B HR
MR EEMERE TRERD » BRERD EEWHNENESE IDKE o T8iAE 4~7 B EEEH
8 BERERERE 6 cm B 9~12 BHMAEREEE » B R KR RREERZ BokiE B
PR B4 1 BEVTEE 4 ABTERER 1.55 cmo B C. gigas 4 Imai (1961)
Z C. gigas BBRER » BHESEY C. giges 7£AALHERIEIEA HFHEEE 5~7 cm
S HE 9 EBR4E 4 B BRVKBEREEK o Hokkaido Ml C. gigas» 7 B A& HEEE
OiF E M E TR T1~9 cm £4 o #5 Massachusetts (Shaw 1962) # C. gigas 278 1 4845
£ 7 cm o HrA Iz A B M B AR BB IAEE » WH Massachusetts i A== 8 » {0
H Hokkaido EEE o THiNEEMZ x/ME Imai (1961) MFEATEEEAYEE LT ESREE/)
y HIR KBS 2 KB o A RREET » C gigas #EHI » WK B REIEFERIIE
WEH » IR B R R8BI o

PUIHIIN 2 SRS R BI ERR IR IR R R E (Ogasawara 1962)
o ki (1951) il ARENFEE » BISIRAER BN  EEETEERE TR » e
B o O AR R EREIREIETS 9 A REN—L» BAENEREES 0 BBEA—HHE T
HE RESTE (RS HES 5~6 cm B REHEFEMRIZ 12 B K 3 HBET -~ B8
TR 5~6 cm DA EIRBEIARIE o \

Ogasawara (1962)BSFR45] % i BB (R A B RGHZ Thel » (A RE B R IR R 2 £ REE
oA/ » 42 AR E 8~9 om Dlgk » (BEAiElpe SRR EATIAL » IE TR I
B AR o RE W2 BB B ARKE/D » FOHINER 5~6 cm o BIRESFELT o
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PESEEIA 2 86 » SOl BB SR K o
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Notes on Hybridization of Tilapia
By H. Kuo

Director of Lukang Fish Culture Station

In four concrete ponds of 2m x 4.5m with water 30cm in depth, the fol-
lowing combinations of mature Tilapia mossambica and T. nilotica were placed
for normal reproduction and hybridization during the period from April to July
1968. The purpose of this spawning arrangement was to obtain normal offsprings
and hybrids at the same time for comparison in pond culture.

Combination 1 ~ nilotica @ X mossambica
Combination 2 mossambica @ X mossambica 5"
Combination 3 nilotica Q@ X nilotica
Combination 4 mossambica @ % nilotica '

Soon after the above stocking, reproduction occurred and the F, offsprings
of each crossing were used to stock separate ponds of 600 m? with water about
80 cm in depth. The stocking rates and other conditions were as follows:

Pond No. Type of F, Mean wt (g) ) Stocf]iisi}?/%n gate " Total wt (g)
1 mexmg& 125 1 825
2 im e Xma 1.67 1 1102
3 ne X mg 0.55 | 1 363
4 me Xng | 0.55 j 1 363

The following table shows that the ¥, offsprings of mossambica @ x nilotica
" have the fastest growth rate and are very promising for use in commercial
pond stocking.

Pond No. } 1 | 2 3 § 4

I, (normal or hybrid) ’n$ XmPlm @ XmAn @ Xno”i'mQ X n 41
Culture period (days) | 122 122 122 i 122
Total harvest (kg) | 59.5 435 52.0 J 90.3
Mean wt (g) 104 72 o1 142
Survival rate (95 ’ 87 93 . 86 ‘E 97

2 1 4 ratio ! 44:56 49:51 69:31 | 85:15
Daily growth rate (g) | 085 0.59 - 0.74 ; 1.16
Total feedstuff supplied:

Rice bran (kg) | 78 8 78 | 78
Peanut cake (kg) ‘ 114 114 114 ‘ 114
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This hybrid of m @ x n ' appears to be more resistant to low tempera-
ture than 7. mossambica, although specific tests remain to be made at different
low temperatures.

Figure 1. Hybrid of 7. mossambica 2 x T. nilotica "
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1F4 € 50% 5L #%| (Abate 509 E.C.)
%08 & B 8,35 & i & K

Control of Chironomid Larvae in
Milkfish Ponds with Abate 50% E.C.

2 L BRex T
By S.C. Tsai

Research Fellow, Rockefeller Foundation
Fish Culture Research Program

and
T. L. Huang

Taiwan Fisheries Research Institute

Abstract

Abate 50% E.C. when diluted 2,000 times with water and then ap-
plied to milkfish ponds in quantity that would make up a concentration
of 0.05 ppm was found effective for killing all Chironomid larvae at the
swath of 10 meters, while the milkfish and bottom algae were safe. Abate
50% E.C. is therefore considered as the most efficient for Chironomid larval
control as compared with many others such as Sumithion and Lebaycid
which used to be the popular pesticides for application in milkfish ponds.

““‘l

— N &

BN 16,000 AEE B AR G ERSEE B AER 2.5 % » TRERARERERN L » 3kE
BER > HeR B AEENARNERNESR  BUETEEREE 2.000 A5 /AF » BitAE
—fif o RIGRE: 0 AR B ARAREY - BARNEERERATE (Chironomus  longilobus
(Kieffer)] » g& e » HEl B ABEREAER R BRE B AREIZINEERE, » fLHRNRECR
BER » MUALHRERENT - REBABRFEE » AYEEEEEN o Hit » (LBEERIRBIE
IR ERTLARTE 0 ¥ 50 SEBRERIEHIREEMSERMREE » #1H Sumithion (LG
0.027 ppm), Lebaycid (LG 0.0085 ppm) #F1 Abate (LCsq: 0.0025 ppm) » #iEEE w4
KL o BHJE Abate RENBERRTAE » BHE—SMEBERRES » DIEEGEEEE
TR o

=~ # H

- Dhie 50 %508 (Abate 509 E. C., 0, 0, 0/, 0/—tetramethyl 0,0’-thiodi-p-phenylene
phosphorothiocate) Fjgi52 1 %% (Abate 196 granule) Risig#: [Accothion 1,000E,
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0,0-dimethyl 0-(3-methyl 4-nitrophenyl) phosphorothjoate] HsEE®B/AT ( American
Cyanamid Co.)$fte 713 [li(Lebaycid 50%E. C.0,0-dimethyl 0-(4-methylmercapto-3-methyl-
pﬁ@n’yl) thiophosphate] JEB{FEAT (Bayer) #fto HREBAEREEEEES =8
75 (BB 1.3om-L5cm » 81K 7.0-11.0mg) REHATEL—FAE R 6.0cm-6.50m » g8
2.8gr-3.2gr) o EA @B AR EEHHEEER 0.5cm-0.6cm FHHENRB 2 H o

Vip: 3

D) BixE VAR BRGEZEH :

FE—RARBE 40 RA-ZPIIFE R HRERK 20 AAE B A 10 £8E—-RENATRFRE
ZERBW o BB 72 /NEEEEAET 2R s 1R log Concentration-Probit mortality #& F&mpgissk
LG, B LGy 3Bah » KR 27°C-28°Co
(2) e OFAMHOIHEZSHE

E—RAEE 15 AF2BEkeEd » BER 1.0 AF%EK 10 [AFAEE 05-0.6 A&z
gk 50 BRFE—RE  MATRIEE ZRAH] » R 72 /NEeth » BTEHFETEE o 3k LG B Ly,
(3) Bk Ny MEREZEM

FE—RFUSATHEN A » A A LAFHERWE » LR 0.05cc (REBHD YEHE (Lyngbya
sp) MIMARFIRE 2 BRah] » 353 5 RBHEABE THREY#E o 418 Abate 1 % BMET
HeHns (D.O) BERIEREE
D FoeHRanS: RS :

W RIT-5E 50 AR IR 2,000 154 BN I B T B2 KE b o 55 48 /h
B ERETHFET 2 o

ENE X

K 50 955U MB A B A AT B IR — 1 HA R R R
(Lebaycid) i (Sumithion) Z#EMRFURSE ELIFHE o

F— BOpANNRBAROHEZEY
Table 1: Toxicity of some Chironomid larvicides to milkfish and
Chironomid larvae

B E A B L

o o8 B W% BB Milkfish fingerlings | Chironomid larvae Value of
Insecticides [Formulation |5 B FEIRE B ST IBE F AEIC R ERES 3'?‘5(‘2%%\ safety
LG (ppm) | ECso(ppm) | LCso(ppm) | LC,yo(ppm) |  factor
Abate 50% E.C. 1.0 , 2.0 0.0025 0.020 50
Abate 194 granule 70 103 0.013 0.025 2,800
Lebaycid 50% E.C. 0.75 1.7 0.0085 0.020 38
Sumithion | 50% E.C. 7.0 11 0:027 0.25 | 26
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ERBURNFLES0Z BRI ER A =R » T LI R B AR %R o
e RERE R F S0252L RIS B B SRR

K= BoE Oy HBEREzEE
Table 2: The phytotox1c1ty of Abate 50% E.C. to a benthlc alga

B ) T ~
&e. (ppm) 0 o.zo{ 0.50 | 1.0 t 25 | 50 | 10 |20 | 35
| ‘ ; - :
i3 # 2 , |
Dry wt. of algas (gr.) \ 038 | 045 047 | 035 034 | 032 031 | 0.29 | 024
R BoE IZHEIHERSES
Table 3: The effects of Abate 1% granule on the growth of a
benthic algae
Conc. (ppm) | 0 01 | 02]05]1.0]25 5.0; 10| 20| 40 | 80
i = * g s o | ) | :
D. O. (ppm) !2 11.6 '11.0 10.8 ‘10.5‘ 9.6 194 i 86184177 68
o | |

TR ZIOEE ‘ ‘ !

OD of chlorophyil solu. 032 0.31 0.30 0.29‘ 0.30 0.281 0.24‘ 0.24) 0.21] 0.05 0.09-

e 1%6RHEZ BERE 40 ppm B KESBAFET » EE—REMAEE (0.05-0.06 ppm)

i

AR B AT R T AT o SRS o B ERBNANICE 22 (6 1
ERTSAE » 445 A v B2 Cr Do B BERSE » A FHEETENRLIE B BRI

RKeit ) CRESZEHLE  DREBEHHERE  ERRESLTEMN=5 » HEMIIRET o
KA HHEBHRZER
Table: 5: The area of the ponds used for the field test
T 'ﬁ% 0.35 0.75 ‘ 1.0-1.9 ‘t 2.0-2.9 | 3.0-3.9 ' 4.0-4.9 | 5.0-5.9 | 6.0-6.9"
Area (ha) | ;
# B p B B, B DuD | A A& &G p | GD
Pond No. ! 3y 4 1> 2 ‘l 2 173 04, /E1 087’ 5 ‘ ‘ 5 D4

HsE 50955082 FRTE B SRS » DL 0.050 ppm 2 iBEEF » Abate 509% E. C.
HRAERPEIAI T » B Abate 2RSS WH 6 B20H% B B, Ty st
BB H o BBl S OEERAE ) R RE TSR ERAEZ BEER o (fREEER A
B HACERE RS THEERS » HESTE 6 B 3 H7E B-4 16 B 20 H7E B2 o itam
FHiFo 74 5 Hee Dy» D, 1 Dy b » Bk Abate 50% E.C. 2 0.050 ppm BT
FEMb AL + T Sumithion EJHiZE 0.30 ppm FRREERHIRIEAL G o -

B A1y A2 b A6 B22E R T A1LHZHES > suE 0.05 ppm D EEMERE

=B

EABRER o AL 6 H22HRT 0.070 ppm ZEEE ) (ERB T B » K

BEMEAEE A-2 WK o
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RN BoENZABAREARAEEZAMRBER
Table 4: The results of field tests of Abate 509 E.C. against
Chironomid larvae in milkfish ponds

NPT TEEE

B | $r 6 ‘ . opulation | oot
Datc jost| e % g L B R mow | Dy BFR o
day/ Pond| Conc | Appli- Temp. linity [Depth Dosage| {larvaejm®) ., Remark

(cc/ha)| Pre- Post-
(%) | Ccm) ) treat- | treat- trol
ment | ment

No. |(ppm)| cation |,o
mon, | NO- (PPm), €ation | coc)

[Me

28/6

7/5 1 A-1] 0.080 Sprayer; 34 54 20 330 1 4,400 0 100

85 | A-20 0.10 i ~ ~ . 35 | 53 | 20 | 400 | 4,700 0 100

11/5 | A=3 0060, ~» | 33 | 55 | 20 | 240 | 3,300 0! 100
11/5 | A-4 0050 o~ 34 150 | 20 | 200 | 2,400 01 100

31/5 | B-1 0.060, 31 1 36 | 40 | 480 | 4,900 0| 100

31/5 | B-2| 0.040 « 30 | 36 | 40 | 320 | 3,800 0 100

36 | B-3 0.030° » 27 | 34 | 42 | 250 | 14,400 0| 100

36 | B-4 0020 » 27 | 34 | 42 | 168 | 8200 300 96

5/6 1 A-1 0.040| Scoop | 28 32 40 320 5,500 400 93

6/6 | A-2 0.045  ~ 28 | 25 45 | 405 | 2,600 0| 100

8/6 | A-3 0.050 ~ 28 130 | 42 | 420 | 3,500 0 100

8/6 | A-4, 0.057] ~ 28 | 28 | 42 | 480 | 4,500 0! 100

116 | C-1 0.050| 3201 33 42 | 420 | 3200 500 9| @
11/6 | G2l 0.050| ~ 3201 33 | 40 | 400 | 2,650 ! 500 98|
11/6 | C-3/ 0.060| ~ 32 ] 33 | 42| 500 ! 1,550 128 20 @)
20/6 | B-1| 0.020| Hand |- 27 | 24 | 40 :8,000%, 4200 1,500 | 64| (9
20/6 | B-2l 0.020] Scoop | 27 | 25 | 40 | 160 | 6.400 200 97

2206 | A1 0070  ~ 26 | 22 | 40 | 560 | 12,500 0 100

22/6 | A-2 0.050, » 26 | 21 40 | 400 | 11,000 0| 100

24/6 | D-1 0.050, » 33 1 26 | 40 | 400 | 4,500 0| 100

25/6 | D-2 0.040| ~ 35 1 24 | 40 | 320 | 16,300 200 99

25/6 | A-3 0.050| ~ 33 1 20 | 40 | 400 | 2,800 100 9

25/6 | A-4 0.040] ~ 33 1 21 | 40 | 320 | 3,700 150 | 9

24/6 | B-3 016 | # 34 | 35 | 40 [1,280 | 5,200 0| 100] @
24/6 | B4 012 | # 34 0033 | 40 | 960 | 6,500 0] 100, @
24/6 | B-1] 00501 » | 36 | 40 | 40 | 400 | 1600 0 100 :
24/6 | B-2l 0.070| « 36 . 35 | 40 | 560 240 0| 100 @

G1-8
3\

0050~ 32 1 35 1 40 | 400 | 2,700 0
| 0.30%|  » 30 1036 0 33 | 990 | 22,300 | 1,700 1 92| (5)

5/7 | D~

5/7 | D-4 0.040 ” 30 36 33 264 4,400 200 96

5/7 | D=5 0.050 ” 31 38 33 330 100 | 0 100

10/7 | B-3 0.040 7 34 23 24 193 1,500 | 0] 100 (6
10/7 B—4!‘ 0.030 ” 34 23 . 25 146 1,900 01 100 0]

1177 Ahli 0.040 ” 32 31 29 230 | 92,000 | 5,700 94 )]

1177 A——'Zl 0.030 ” 32 33 29 171 5,700 1,600 72 ®)
1277 A—3“ 0.035 ” 31 22 33 264 11,800 1,400 88 8
12/7 | A-4 0.030 7 32 32 36 216 19,100 2,700 86 8)
14/7 | E-1 0.050 7 32 47 30 1 300 . 5,800 | 0 100
15/7 | B~1} 0.050 | Vs 36 34 36 360 | 1,500 0 100
15/7 i B-21 0.050' 7 36 ' 33 36 I 360 ! 100 ¢ 0 100

*: 8,000 grams of Abate 1% granule is used instead of Abate 50% E.C.

Remarks:

(1) In these ponds, Abate 509% E. C. was diluted to only 600 times rather than the ordinary
2,000 times, and the swath width is 30 meters instead of 10 meters.

(2) Abate 1% granule was used in this pond.

(3) All the sand-shrimps in the screen cages in the ponds were killed.

(4) The density of the Chironomid larvae in these ponds ranged from 1,300 to 4,800 larvae/m?

(5) Accothion 1,000 E. was used instead of Abate 50% E. C.

(6) At this concentration, Abate 50% E. C. was harmless to the sand-shrimps in a screen cage.

(7) 129 of the sand-shrimps in a screen cage died in three days.

(8) These ponds are also stocked with sand-shrimps at the rate of 40,000 fry per hectare. There
was no shrimp found dead in the ponds.
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XX B V50 AHABEREFEMCRAERETHEDZSE
Table 6: The toxicity of Abate 50% E. C. to certain fish and
invertebrates in milkfish ponds

= Scientific Name * f’%ﬁ,ﬁcﬁﬁ% = Scientific Name # Iliqcfiﬁ(ypﬁg?n%

Tilapia mossambica ] 3.5 ‘ Nereis glandicincta . L5 ‘
Anguilla japonica 7.5 ‘ Berosus afairmaiyi 0.0080
Mugil cephalus 0.60 | Copepoda 0.13
Mugil carinatus 0.023 | Argulus sp. 0.024

| Perracus monodon 0.045 - ‘ Metapenaeus monoceras 0.32
Neocaridina denticulata 0.045 ‘ Penaeus japonicus - 0.001
Cerithidea cingulata 58

BATUR 7 F5E SOBFBETEEHBIRAR ( Argulus sp ) FRBREME o CHfZEM
(Mugil carinatus) B Berosus sp ZM:EES » “Fe” DL 0.05 ppm Bh%E R85 »
P EE ST ©
Abate ¥ 48 (Anguilla japonica) ZEWEREE » FREBBREEBFESER o

v & ES

Erirs S0%3UBIEHEEE 2.000 45 > DitkE2. 0.050 ppm FelfiAT B A » InitifT2
EERAIR 10 AR » BIARFEH 2SR o 4 L% » LB AR EICRS S o AR5 H
BB L 5 15-31 RiEA—Ko

E A X P a3
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The Disease Organisms of Tilapia mossambica

By Wilson S. Y. Wu

I. Introduction

In the brackish and fresh-water ponds used for fish culture in Taiwan,
three types of bacteria are usually found: (1) the naturally occurrng aquatic
bacteria, (2) soil dwelling organisms and (3) organisms that normally inhabit
the intestines of man and animals. Some of them are beneficial to human beings,
but some are pathogens. Some cause the spoilage of fish and food products.

Organisms which cause diseases in fish include: viruses, bacteria, sporozoans
and parasites. Tilapia mossambica cultivated in south Taiwan often suffers some
kind of diseases that cause great loss to fish farmers. The symptoms of the
diseased fish are, first of all, the lack of appetite even though the intestine
is empty; the fish then begin to swim in an erratic manner with their heads
pointing upward toward the surface of water, as if there is a deficiency of
oxygen, and finally die. Externally the sick fish shows no special abnormality,
but when it is dissected, the liver is found to be abnormal and surrounded by
bubbles. Some parts of the intestines are swollen and the intestinal wall tends
to become very thin and transparent. The color of the intestine turns pale
yellow, somewhat fawn.

II. Method of Collection

1." Water samples were collected from different localities of Tainan and Kao-
hsiung counties in 500 ml Erlenmeyer flasks about two feet from the margin
of pond. Collections were made once a month from June 1968 to January
1969. The water samples were brought into the laboratory for study.

2. Diseased and healthy samples of the fish Tilapia mossambica, were collected

~ and put into plastic bags which were then put into separate vaccum bottles
- with ice. These samples were dissected as soon as possible, and swabs were
taken of their intestinal contents and cultured on agar.

II. Isolation of Organisms

A. Water sample

—

The Miles and Misra surface method was employed, (Miles and Misra,
1938). This method consists of placing very small drops of serial dilutions
-on the surface of poured agar plates, and the isolated colonies which develop
upon the plates are used for study.
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2. Pour-plate method

(a) Sterile water blanks were made up to 1/10 1/100 11, 000 1/10,000
and 1/100,000 dilutions.

(b) A sterile pipette was used for transferring I ml aliquots of the diluted
pond water to sterile Petri dishes, e.g. 1 ml of the 10~ was mixed in
the pipette by sucking up and down to the 1 ml mark 10 times and
then discharged into a Petri dish.

.(c) With the same pipette 1 ml of the 10-* dilution was transferred to a
sterile Petri dish.

(d) In the same way, 1 ml of the 10-%, 10-% 10-! dilutions and of the
original water sample were transferred into sterile Petri dishes.

(e) 15 ml of melted agar at 45°C was added to each plate, and immediately
mixed with the medium and inoculum by a combination of circular
movements and up and down shaking process lasting for a few seconds.
Care was taken to avoid getting the agar on the lid of the Petri dish,

(f) The agar plates were incubated at 30°C for 24-48 hours. Then selected
colonies were grown in pure culture on agar slants.

B. Fish sample

" Both healthy and diseased fish were dissected in an aseptic cabinet and
with the use of a sterilized cotton swab the bacteria were removed from the
intestine and liver onto agar plates. Then isolated colonies were obtained by
the streak plate method.

IV. Identification

*The identification and classification of the bacteria were made according to
the Standard Descriptive Chart prepared by the Committee on Bacteriological
Technique of the Society of American Bacteriologists.

All culture media used for growing\ organisms isolated from brackish pond
water were prepared by adding 4% sodium chloride. The culture media used
for growing organisms isolated from ﬁsh and fresh water pond contained 0.5%
sodium chloride

V. TInoculation Tests

Three tests were performed on the fish. The first time the fish were trans-
ferred to water collected from a pool supplied with water by a fountain and to
this water a broth culture of Streptococcus pyogenes was added. The second time
the fish were transferred to tap water. The third time the fish were placed in the
same kind of water as the first, only fish food was prepared by mixing it with
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Culture

Form of cell

Size of cell

Broth

1

{ Agar slant

Number (Micron) {
\Ps 081y short rod 0312 turbid, highly [ abundant white
yellow
FS 087 coccus 0.8 turbid grayish white
FH. 090 bacillus 0.5%x1.3 turbid light yellow
PS 093 bacillus 05.x1.9 turbid white smooth
FS 097 short rod 0.5x1.5 turbid white yellow
FH 099 bacillus 0.8x3.0 turbid abundant ‘white
rough
FH 101Y short rod 0.7x1.3 turbid pellicle gray smooth
FS 106 streptococcus 0.6 sediment small colony
i punctiform
FH 113 rod 0.7x1.9 turbid pellicle, sed. yellow smooth
FS 122 tetracoccus 13 slightly turbid ~ @bundant yellow
’ smooth
FS 128 streptococcus 0.6 \ sediment small colony clear
FS 130 streptococcus 0.6 sediment small colony clear
PS 142 short rod 0.8x1.5 highly turbid abur:)(:)z:atu;n oist
¢ highly turbid abundant moist
PS 144A short rod 0.7x1.2 : pellicle opaque
PS 149 short rod 0.8x1.4 | turbid pellicle light yellow
PS 156 staphylococcus 0.9 turbid i abun;ieai?;wl ight
PS 157 short rod 08x13 slightly turbid l abundant ycllow
PS 159 short rod 0.7x11 turbid | SPrsﬁﬂofjeam
PS 160A ” Vs " v
PS 161 rod 08x1.2 slightly turbid moist opaque’
|— |
PS 163 staphylococcus 0.8 turbid light yellow
PS 165 bacillus 08x2.0 sediment “ light orange
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gllilrilli)r:r %Zfﬁ Spores Motility Indol Gelatin Sta.b
Growth Lique.
PS 081Y — _ ’ + _ N R
PS 087 + o B B N -
FH 090 — I B N . -
PS 093 .+ + o e
FS 097 - _ N B S
FH 099 + N T 3 : -
FH 101Y - _ N . . .
FS 106 + B ~ I -
FH 113 | - B . N ; | +_*
FS 122 |+ - - o -
FS 128 + - B - - -
FS 130 + ~ _ B - -
PS 142 o ~ N - - -
PS 144A — _ + . | . N
PS 149 - . o — N .
PS 156 oy B B 3 ) -
PS 157 — _ + ~ .\ N
PS 159 — _ 4 N . ;
PS 160A — B M N -
Ps 161 | - _ o - - -
PS 163 + B B B - -
ps 165 |-+ |+ N = ) . -
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Number g oy ot Catalase s of
PS 081Y - - + + +
PS 087 + + - + -
FH 090 - + - - - —
PS 093 + _ o + + _
FS 097 - + + + +
FH 099 +- + - L+ B T
FH 101Y - +
TS 106 - H - -
FH 113 —_ a — + —
FS 122 - - + - —-
FS 128 - - —
FS 130 - —- —
e | _ ; N _
PS 144A + - + + .
PS 149 - — + + +
PS 156 + — —+ + —
PS 157 - - - + _
PS 159 o —_ — — + -
PS 160A - — - - +
PS 161 o - + + -
PS 163 ) — - - + —
PS 165 ~ ~ + M
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l
-

Litmus Milk

Culture
Number | aciq Curd Alkaline | Peptonization|  Red Mo
PS 081Y }' + +
PS 087 i +
FH 090 1 + I
| R R N
PS 093 + +
FS 097 i + ’
.
FH 099 +
FH 101Y + e + + ,
FS 106 sl +
FH 113 + + +
CFS 122 o+
FS 118 sL+ +
FS 130 sL+- N o +
l PS 142 + + +
PS 144A v+
PS 149 sL+ +
-——P; 156 + + +
PS 157 + +
PS 159 ‘ + +
PS 160A ) + +
PS 161 +
PS 163 +
PS 165 ‘
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Culture HS i Nitrate Blood agar
Number production \ Nitrite i NH,
PS 08lY - . — —
P3 087 + ‘ — | —
FH 09;1 + B nir -
PS 093 ‘ + |
FS 097 7 + - -+ -
FH 099 o + + -
. ‘ —
FH 101Y + ‘
FS 106 — ; N B type hemolysis
FH 113 —_ ; + —
FS 122 - — —
J‘ I
FS 128 - B type hemolysis
FS 130 — , B type bemolysis
PS 142 - - | -
PS 144A -+ + +
PS 149 + A + —
PS 156 — + —
PS 157 + + +
PS 159 + ‘ + +
‘ PS 160A ‘4 -+ ! + : +
PS 161 - - -
PS“-163 N — 7 + B —
PS 165 — — —
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C Glucose Lactose 1 Sucrose [ Maltose Mannitol Sorbitol
glture v ‘ : ‘ i ' .
Number Acidi Gas Acid] Gas | Acid 1 Gas f Acid] Gas | Acid‘? Gas ] AcidJ Gas
“ I |
PS 081Y +}.ﬂj.. ~i+wj+iw+~1+5”
S - | S T
PS 087 +E_+!“+ﬂ+“+\~l+i;+
;*W‘E,, SRR U ) DU —— | o
FH 090 o+ —4—++‘+i+ mi—g+,.
PS 093 +.——"_+-+‘_ +\,_i,w
T
FS 097 o e e T s A E I S
i T T
FH 099 + | - | - = +1_+__;:_\+M
FH 101Y + |+ = = = =1+ = \
- - —
FS 106 LT o R O R (e R i \ 3
T T B
FH 113 S Bl e e e B | |
— | e — [A—
_ | | |
FS 122 = I T B \ — [ |
L \__,‘,,kj | ; R I
FS 128 P B T i PR | 1
FS 130, I e \ t l
, — . — SR (R
PS 142 o e e R R N T e T R S
— — — ] -
Ps144A4+f“_1+._+_+{_;+_
— o —
PS 149 T T i i L S I S
I i
‘ B e e .
PS 156 | 4 | = |+ = |+ =+ === =
| B - igw‘*‘ T
PS 157 ;- — — - _ — — _ - = } _ i _
- | L
PS 159 +—-~~+-—+-—+‘~\+\~
o _ . — .
PS 160A + ] - - — 4 — + - + ! -+ ' —
, , T | ! |
PS 161 + —-!&f-— o T T B S
PS 163 __l—L__,_*,\‘,i;_
| \
PS 165 +“[.—E—J+Mx+J— +o- 4| -




Culture

Number

PS 081Y Flavobacterium marinum

PS 087 Micrococeus ureae

FH 090 Paracolobactrum coliforme

PS 093 Bacillus pumilus

FS 097 Aerobacter cloacae

FH 099 Bacill;s ceteus

FHAOY | Aeromonas punctata

FS 106 Streptococcus pyogenes

FH 113° Flavobacterium rhenanum

FS 122 Sarcina barker:

FS 128 Streptococcus pyogenes

FS 130 Streptococcus pyogenes

PS 142 Achromobacter superficialis

PS 144A Achrar;c);acfer tophagus
B PS 149 ) Achromobacter delica’t;tlus

PS 156 Micrococcus conglomeratus

PS 157 Flavobacterium okeanokoites

s

PS 159 Flavobacterium suaveolens

PS 160A Flavobacterium suaveolens

PS 161 Achromobacter guttatus

PS 163 Micrococcus colpogenes

PS 165 Bacillus subtilis
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the broth culture of S. pyogenes rather than mixing it with tap water as we usually
do.

On the first trial 8 out of the 13 fish died after 4 to 7 days. On the second
trial none of the fish died. The third time 6 out of 7 died after 2 or 3 days.
An 18 to 20 hours broth culture of S. pyogenes which had been isolated from
sick fish was used each time.

Cultures FS 106 and FS 128 came from fish collected in ponds in Tainan
city owned by Chao Shau-Lung, and culture FS 130 was from a pond in Kao-
hsiung county owned by Mr. Chuang Ho which is located at Hai Shang, Hu Nuei.

VI. Results

The results of all the tests and observations are recorded on the following
sheets. Depending on the result of each test and the characteristics of the
bacteria, we were able to identify the bacteria by the use of Bergey’s Manual of
Determinative Bacteriology. The genus and species name of each bacterium is
‘recorded on page 131. ‘ ‘

VII.  Discussion

The results of the infection tests showed that some fish remained alive
each time. This fits well into C. van Duijn’s (1966) opinion that some fish
possess greater resistance to bacterial infection. This is due to the presence of
larger amounts of bactericidal substances in their blood which helps them to
overcome infection. But if they are wounded or their resistance is decreased by
other causes, then bacterial infection may not be so easily resisted. Most of the
bacteria that cause diseases of fish can only attack the fish if the fish have been
previously injured or weakened but some bacteria may attack completely healthy
fish. Scientists in Russia and Yugoslavia (Pjessov, Goncarov, Tomasec, Ljajman
and Spoljaanskaja) have gathered evidence in favour of the opinion that a virus
is the primary cause of certain diseases, and the bacteria come into play only
as secondary invaders.

On the second test none of the fish showed signs of sickness. This might
be because the water which was used to culture the fishes came directly from
the faucet. Tap water contains at least 0.8-0.9 ppm of chlorine under which
condition most bacteria can not live.

According to the results of our inoculation tests this disease of Tilapia
mossambica was caused by Streptococcus pyogenes.

The probable sources of the contamination of the ponds with these bacteria
may have been the application of night soil in the ponds or transmitted by other
carriers.
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When Mr. Chuang fed his ducks with the untreated diseased fish, after

several hours, the ducks all died. Mr. Chao fed the pigs with the boiled diseased
fish, and the pigs lived. ~

10.
11.

12.
13.
14.
15.
16.
17.
18.
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