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Preliminary Report on the Mass Propagation of Grey
Mullet, Mugil Cephalus Linnaeus

I-chiu Liao, Ching-shan Cheng, Lei-chiang Tseng,
Mee-yoon Lim, Lung-sheng Hsieh and Huei-pin Chen
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Experiments on the artificial propagation of grey mullet have been carried
out for eight years during the mullet spawning seasons in Taiwan. Success was
first reported in 1969/1970 when a total of 431 fingerlings survived?, proving the
possibility of grey mullet artificial propagation. '

In 1970/1971, emphasis of the experiment was placed on mass production.
A total of 7,786 fingerlings survived. The same experiment was repeated in
1971/1972 with greater success, producing 23,695 surviving fingerlings, thereby
establishing the primary technique for mass production. In addition, induced
breeding of pond-reared mullet was done in 1970/1971%, thus partially overcom-
ing the difficulty of obtaining mature spawners by providing the pond-reared
mullet as spawners in the future. In 1971/1972, natural fertilization in tank®

was successful with the advantage of much saving in time and labor.

Work on the mass production of grey mullet fingerlings in the last two years

is summarized in this report.

Material and Method

The spawners were obtained from the mullet that migrate each winter to

the offshore waters of Tungkang for spawning. The technicians went to sea io
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buy good spawners from the purse-seine fishermen. The spawners were put into
plastic bags filled with oxygen and brought back to the stock tanks in the
Laboratory. ‘

Hormone treatment was given according to the best method used in past ex-
periments!» 9. The spawners received the first injection within the first hour
after being brought back, and the second one 24 hours later. The total dosage
of injections for each spawner was 2-6 pituitary glands of grey mullet combined
with 10-90 Rabbit Units of Synahorin and 100-300 mg of Vitamin E. Some of
the pituitary glands used were from the male and female mature mullets that
had just been caught and the rest from the hormone-treated spawners that died

after ovulation.

Seasoned sea water was used for hatching. Well-rinsed {fertilized eggs were
put into 0.5 and 1.0 ton round plastic tanks provided with sufficient aeration and
frequent water renewal. Thirty hours after fertilization, the fertilized and the
unfertilized eggs could be distinguished.. Stirring the tank water by hand, one
noticed the fertilized eggs with embryos distributed throughout the water, while

most of the unfertilized eggs settled in the center bottom and could be siphoned out.

As for rearing mullet fingerlings, the fertilized eggs were immediately placed
in the rearing tanks as soon as they were separated from the unfertilized ones,
because the newly-hatched larvae should not be moved during early rearing period.
Both plastic tanks of 0.5 ton and large cement tanks (5mx 7mx 1.5m) were used
in 1970/1971 for rearing the fingerlings, but only large cement tanks were used in
1971/1972. Temporary warming equipment was used in 1970/1971, while a nursery
house was used for this purpose in 1971/1972.

The rearing water used was seasoned sea water with green algae or diatoms
added, and gradually freshened. Feeds were modified at different stages of de-
velopment. Artificially fertilized oyster eggs and larvae were given initially; next
rotifers and copepods from fish ponds were fed; then Artemia larvae were given;
and rice bran was used as feed at the late stage. But egg albumin, fish meal,

yeast and dregs from soy fermentation were used in some cases at the initial stage.
Results

In 1970/1971, 11 out of the 28 spawners used ovulated and 39.3% of the eggs
hatched. In 1971/1972, 10 out of the 30 spawners produced larvae at the ratio
of 33.3% (Table 1).



Table 1. Response of spawners to hormone treatment

Ovulated but eggs . 3 .-
Ovulated ot hatched No ovulation Mistaken
Year and eggs sex Total
88 Natural Eggs |Responded] Died N identifi- OGS
‘hatched 2155 :Ifin unferti- | but not from 9 .
PaWDINg  Jized | ovulated | injury | "PORSC !
Number of -
treated 11 1 7 - 4 3 i 1 28
spawners
1970/1971
% 39.3 3.6 25 14.2 10.7 3.6 3.6
Number of ‘
treated 10 2 5 1 6 5 1 30
spawners
1971/1972
% 333 6.7 16.7 33 20 16.7 3.3

Three fish spawned naturally in tanks and the eggs obtained were artificially fertilized and hatched.

Tables 2 and 3 sh;)w the response of spawners to hormone treatment, ovulation,
hatching and survival of fingerlings in 1970/1971 and 1971/1972. Data in Table 3
show that the time needed for response to hormone treatment in 1971/ 1972 was
shorter than that in 1970/19;71 (Table 2) and the previous years?. The survival
rate of fingerlings in 1971/1972 was higher than that in 1970/1971. In the former,
the survival rate was 15-20% on the 15th day while in the latter it was below
159. The pituitary glands from hormone-treated spawners that died after stripping
were used to inject other spawners with satisfactory effect on maturation and

ovulation as shown by spawner No. 16 in Table 3.

Table 2 shows the results of the 1970/1971 experiment in which seven spawners
(excluding one pond-reared mullet) produced fry. 585,480 fertilized eggs from
spawners No. 4 and No. 5 were reared in a large cement tank and the surviyal
rate of thé fingerlings was 0.44%. 19,300 fertilized eggs from spawner No. 52

were reared in an indoor 0.5 ton plastic tank and the survival rate was 2.23%.

The survival rates in 1971/1972 are shown in Table 3. Three large cement
tanks were used for mass production. A survival rate of 3.4% in tank No. 3 was
the best record. 358,450 fertilized eggs from spawner No. 5 in tank No. 3 pro-
duced- 12,181 fingerlings measuring on average 2.49 cm on the 45th day. Next
was tank No. 6 in which 1,188,000 fertilized eggs from spawner No. 8 produced
7,056 fingerlings at a survival rate of 0.59%. The lowest survival rate was in
tank No. 5 where 1,170,000 fertilized eggs from spawners No. 16, No. 34 and
No. 39 produced only 3,243 fingerlings at a survival rate of 0.28%.
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Fig. 1. Water temperature, salinity, number and total length of
surviving larvae in 0.5 ton tank in 1970/1971.
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Fig. 2. Water temperature, salinity, number and total length of
surviving larvae in large cement tank (5mX7mXx1.5m)
in 1970/1971.



Rearing of fingerlings in the indoor 0.5 ton plastic tanks and in the large
cement tanks is shown in Figs. 1 and 2. The results clearly show that the water
temperature in the indoor 0.5 ton plastic tanks was steadier than in the large
cement tanks with temporary warming equipment. Water temperature in the large
cement tanks in the nursery house built for the experiment in 1971/1972 was even
steadier (Figs. 3 and 4). Gradual freshening of sea water did not vary much
in the two years. The growth rate of fingerlings was about the same, with that

in 1971/1972 slightly slower as shown in Fig. 4.
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Fig. 3. Water temperature, salinity, number and total length of
surviving larvae in large cement tank (5mx7mx1.5m)
in 1971/1972.

With regard to feed, more adequate food was given in 1971/1972 than in
1970/1971. Artemia, in particular, was often inadequate in the large cement
tanks in 1970/1971.

No conclusion was reached in this experiment regarding the effect of green
algae or diatoms on the survival rate. All the water used for rearing fingerlings

was inoculated with green algae or diatoms.
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in 1971/1972.

On the whole, although the mass production experiments in 1970/1971 and
1971/1972, with the benefit of experience, showed progress from year to year,
still greater effort is needed to strengthen research and provide millions of mul-

let fingerlings to fish farmers in Taiwan through artificial propagation.

Discussion

In 1970/1971, the first spawner used for cxperimentation was obtained on
Dec. 18, 1970 and the last one, Jan. 15, 1971; and in 1971/1972, the first one
was obtained on Dec. 20, 1971 and the last one, March 2, 1972, Actually, the
mullet fishing season started before the acquisition of the first spawner and lasted

for some time after the purchase of the last one.

The mullet spawning migration begins early December and lasts till late
February or early March. The entire fishing season is about 80 - 90 days, and
the time needed for the process of artificial propagation including the acquisition

of spawner, hormone treatment and rcaring of larvae is about 50 days. There-

— 8 —



fore, if the date of the experiment is advanced, the propagation work could be
repeated in one spawning season and each tank could be utilized twice. Since
the water temperature at the beginning and end of the spawning season is fairly
high, it is advisable to start production early and repeat it later in the season.
Besides, if the rearing period is shortened to 30 days to bring the fingerlings to
1.2-1.7 cm  before stocking them in fish ponds, mortality could be reduced and

every tank could be used three times in one spawning season.

According to the report presented above, the future of mass production of
mullet fingerlings is optimistic, but there is another side to our experience. As
shown in Table 1, the ratio of spawners that produced larvae in 1971/1972 was
33.3% which was lower than the 39.3% in 1970/1971, which, in turn, was still
lower than that in 1969/1970%. In 1971/1972, 20% of the spawners died as the
result of injury, and this rate was almost double that in 1970/1971. It appears
that the likelihood of getting good spawners is becoming less and less due to
improvement of fishing technique and the increase in the number of fishing boats.
Under such circumstances, only a small part of the mullet school could escape
from being caught and migrate to Tungkang’s offshore waters, and most of these
were either injured or suffered stress which greatly affected their development
of ovaries. Recently, sampans fitted with outboard motors extended the fishing

activity area thus adding more to the difficulty of getting good spawners.

Next comes the problem of the source of mature male mullets, the ratio of
which was 4.6 ¢ : 1 ¢ in the early and mid-period of the spawning season when
sexually mature males could be easily obtained. By the end of the season, how-
ever, most male mullets were spent. Late in the 1971/1972 spawning season,
there was a lack of good male fish with the result that the ovulated eggs could
not be fertilized. The same experience was reported in Israel®. Although induc-
ed breeding of pond-reared mullet is feasible as reported®?, but almost all the large
pond-reared fish have been found to be females, and this does not solve the prob-

lem. Therefore, the preservation of milt should be studied.

The response to hormone treatment in 1971/1972 was faster than that in
1970/1971 as shown in Tables 2 and 3. The time needed from the first injection
to ovulation was 37 hours and 21 minutes and 43 hours and 15 minutes in 1971/
1972 and 1970/1971 respectively. The reason for the difference of six hours was the
higher temperature of 22.5-24.6°C in 1971/1972 as compared to 19.1-20.1°C in 1970/
1971. The hormone dosage of the two years was the same except that the dosage of

Vitamin E was slightly higher in 1971/1972 when some spawners were given two

— 9



injections of Vitamin E.

As shown in Table 3, in 1971/1972 the pituitary glands from hormone-treated
spawners that had died after stripping were used to inject some other spawners
with good effect on maturation and ovulation, producing just as satisfactory result
as those injected with pituitary glands from live donors. This may be due to
the fact that with the fish that had died after stripping, maturation and ovulation
were brought about by the injected pituitary. Since the inherent supply of hor-
mone of the spent fish had not been drawn upon, its effectiveness remained in-

tact. However, this remains to be confirmed by histological studies.

The release of 7-8 pieces of white solid discharge usually precedes successful
stripping within six hours. It is probably one physiological change within the
spawner ready for ovulation. This has not been definitely ascertained and should

be studied in the future.

Survival rate in the two years improved. The 1971/1972 record of 3.4%
was the best when more feed was given, maintaining the density of rotifera
and copepoda at 500-1,000 organisms per liter, this being 10-20 times that in
1969/1970. Two critical periods were reported in previous papers?®, 3-4 or even
up to 7-8 days and 11-13 days after hatching when the survival rate was as low
as 29 or less. However, in the last two years, the survival rate was higher than
29 and improved to 15-20% in 1971-1972. Whether or not the low survival
rate in previous years was due to insufficient feed needs to be studied. The prob-

lem of critical periods should also be studied.

Although no conclusion has been reached regarding the function of green
algae and diatoms in larvae rearing, the survival rate of larvae in water with in-
oculated algae was higher than that in pure sea water. But the stomach contents
showed that algae were not the main feed for mullet larvae. Thus, it may be
concluded that algae only played a secondary role in rearing mullet, fulfilling the

function of keeping the water in good condition and indirectly benefiting rearing.

During rearing period, “pop-eye” was found in some of the 14-day old larvae.
Both eyes protruded, greatly reducing swimming ability so the larvae floated on
the surface of the water most of the time. Experienced fish farmers said that light
irritation was responsible for the “pop-eye” phenomenon in milkfish. In recent
experiments, lights were often turned on at night for the convenience of exami-
ning water quality and feed density. This may be the cause of “pop-eye”, but

more evidence is needed for a final conclusion. The larvae with “pop-eye” do
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not die and they recover after rearing for about 40 days under regular photo-
period in the fish pond.

Fish lice, one kind of parasite, was another problem. Although rotifera and
copepoda were carefully checked and examined before feeding, larvae and eggs of
fish lice were still introduced. A feasible method of preventing fish lice is needed.
Besides, large numbers of the 30-38 day old larvae died in 1971/1972. The cause
is not clear. The density of larvae at that time was higher than before. The
large amounts of feed given and the faeces excreted might have affected water
quality. The pH value was down to 7.7-7.8 even in the case of sufficient
aeration. Also, there was not enough fresh water available for renewal. The
necessity to freshen rearing water should be studied again. If freshening of
rearing water is not absolutely necessary, then sea water can be used for renewal

to raise the survival rate for mass production.

The warming equipment used in 1970/1971 was so crude that water tempera-
ture fluctuated between 18-23°C, not steady at all. Cold snaps occurred so often
that water temperature was once as low as 13°C when many larvae died. In
1971/1972, a nursery house was built to keep the water temperature steady. Un-
fortunately the gas heater leaked twice, causing the death of many larvae. This

was the main reason that only 23,695 larvae were produced in 1971/1972.

Furthermore, the optimum number of eggs for each tank needs to be studied
in the future. Either too many or too few would not do. As shown in Fig. 4,
1,188,000 fertilized eggs were put into the large cement tank No. 6 producing
1,069,200 larvae at a hatching rate of 90%. By the 15th day, the survival rate
was 18.7% with 200,000 larvae. At this time the water depth was 0.8 m and
water volume, 28 tons, at a density of about seven larvae to a liter. The quality
of water turned bad soon on account of the excess of feed given. Starting from
the 30th day, many larvae died. By the 40th day, the survival rate was down to
0.94%. Finally only 7,056 fingerlings remained.

358,450 fertilized eggs were put into the large cement tank No. 3 producing
12,181 fingerlings. From experience the number of eggs put into each tank should
not be too large. This is an important principle. Around the 30th day, part of
the larvae could be transferred to another tank to reduce density and prevent
unnecessary death. To save labor and attain the highest production, the problem of

the optimum number of eggs for each tank must be determined as soon as possible.

In conclusion, 7,786 and 23,695 fingerlings were produced in 1970/1971 and
1971/1972 at 2.23% and 3.4% survival rate respectively. This is some progress.
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After stocking in fish ponds for 137 days, the young mullets measured 17.0 cm
and the survival rate was 92.9%, almost twice as high as that of fingerlings
collected from natural waters. However, more research is needed to devise a more
successful mass production program of the grey mullet with the aid of basic

physiological and ecological studies.

Summary

The stage for mass production through artificial propagation of grey mullet
has now been reached in Taiwan. 7,786 and 23,695 artificially propagated finger-
lings were produced in 1970/1971 and 1971/1972 respectively. The primary
technique for mass production has been established. The work of the past two

years is summarized as follows:

1) In 1970/1971, 11 out of 28 spawners used ovulated and the eggs hatched at
the ratio of 39.3%. In 1971/1972, 10 out of 30 spawners produced larvae
at the ratio of 33.3%

2) In 1971/1972, the time for response to hormone treatment, i.e. from the first
injection to ovulation, averaged 37 hours and 21 minutes, six hours shorter
than before. This is because the newly built nursery house helped to main-
tain a steady water temperature of 22.5-24.6°C, about 3.5°C higher than

before.

3) The result of using pituitary glands from hormone-treated spawners that died
after stripping to inject other spawners was as good as using those from

mature unspent mullet.

4) There is a close relationship between feed density and survival rate. A~
mounts of feed such as rotifera and copepoda were given in a density of 500-
1,000 organisms per liter in 1971/1972, and the mortality during the two
critical periods reported in previous papers was not so serious. The survival
rate of 15-day old larvae was still maintained at 15-20%, much higher than

before.

5) During the rearing process, “pop-eye” was found, but it was not serious.
However, fish lice that came mixed with rotifera and copepoda from fish
ponds were a serious threat. Remedial measures are needed to keep them

out.
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6) No conclusion is reached regarding the function of green water. It seems
that green water is more important in controlling water quality than as direct
feed.

7) 1In 1971/1972, the survival rate was as high as 9.4% by the 25th day in one
tank where there were about 100,000 larvae. Later most of them died leav-
ing only 7,056 fingerlings at a survival rate of 0.59%. This was partly
due to the lack of fresh water for renewal. An evaluation of the necessity
of salinity freshening should be done. Besides, the optimum number of eggs
for each tank should be determined lest too many larvae in one tank cause

a low survival rate.

8) 7,786 fingerlings were produced in 1970/1971. The highest record in one
large cement tank was 2,577 at the survival rate of 0.44%. 430 fingerlings
claimed the highest record for indoor 0.5 ton plastic tank at the survival
rate of 2.23%. A total of 23,695 fingerlings was produced in 1971/1972.
Large tanks were used and 12,181 was the highest record in one tank at the

survival rate of 3.4%.

9) After stocking in fish ponds for 137 days, the young mullets measured
17.0 cm and the survival rate was 92.99%, twice that of the fingerlings col-

lected from natural waters.
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A Survey of the Chemical Properties of Bottom Soils of

Freshwater Fish Ponds in Taiwan

SThp e MAH eMix o BBk
W. Chiang, C. Y. Jaw, A. L. Hsieh and H. S. Shyu

Summary

The purpose of this paper is to present some chemical data on the survey of bottom
soils of selected freshwater fish ponds in Taiwan. The bottom soil of fish ponds plays an
important role in nutrient supply, since it actively contributes to the nutrients in the
water. The preliminary results of the survey are presented here.

Soil texture is classified into eight classes: clay, silty clay, silty loam, silty clay loam,
clay loam, sandy loam, sandy clay loam, and loam. The analysis of soil samples for
texture indicates that the soil is not homogenous.

The pH value of bottom soil generally ranges from 5 to 7.5 which is considered
suitable for nutrient conversion in the water.

The organic matter content of the soil ranges from 0.659 to 10.029,. The total
nitrogen content ranges from 0.09%5 to 0.70%5. It has been observed that the higher or-
ganic matter content results in higher total nitrogen content.

The total inorganic phosphorus content generally ranges from 141.93 ppm to 2,531.43
ppm. The concentration of calcium phosphorus, iron phosphorus, aluminum phosphorus
and soluble phosphorus is 70.349,, 22.819;, 6.629, and 0.239, respectively of the concen-
tration of total inorganic phosphorus. The concentration of phosphorus in the bottom
soil influences the concentration of phosphorus in the water.

The average content of sodium ranges from 0.019% to 0.049, potassium from 0.01¢;
to 0.0525, calcium from 0.03% to 0.6% and magnesium from 0.012, to 0.119.

More studies are required for a more adequate interpretation of the relationships a-
mong water, bottom soil, food chain, and the most important one, the mineral nutrient

cycle in fish ponds.
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ERWI0AFEZ L » PENBEBES » & pHERESRESN » HAKRFRZERIEEER
2 4 6 B2 RIESERAN TR » FOBZERE 2 mm GHER > BT IAHIE

1. B (Texture) : JEEIEFFFTEF A/ NI Z B » REBIFLE & f B ¥ RIKL
(Sand, 2mm-0.02mm) » ¥rki (Silt, 0.02mm-0.002mm) FEbki (Clay, 2u0F) o A
HEFY: (Hydrometer method, Black 1965) Bl o

2. pH & : ERE LREZM E. M. System soil tester I o

3. A& (Organic matter) : ) Chromate method (Modified Walkeley and Black
method) #HlE o

4. # : FIF Flow sheet for soil phosphate system (Jackson 1962) i EJRH = AT
B (Soluble-P) » 4E&548E (Ca-P) » sHKE&H (ALP) » #iiE48 (Fe-P) » L Single
solution method (Murphy & Riley 1968) &z && o

5. 86~ 4E~ 8~ ¢F : FUA IN BEERGE (PH=T)¥A 1 Hh 35 L4 BHE T4 - LlAtomic absorb-
ance spectrophotometer & (Jackson 1962) o

6. % (‘Total nitrogen) Fj C.N.Coder (Model MT500) E#HRIE o

EREHSR

1. Hih:

HEE BRI S R - SRR R B R SE Bk o TR R E e
BEFENHEY o ZEAEM E By A S » EVRVE > FRE W > PEM > PRER - ME
o Horb BUE MR AT E MoK AR N - RABUBB A » EMSRBRE o BT ~ W
TE S SPRETE R R RN ; 2~ 35 s BE B AP AN s RSB E M
TESE—78 B b AV B D U Moo BR324 12 FOTI S MU S SR AN E M 15 29658 R E L AIA536%
W FREHG43% » FE 195 (ERZE 1967) o

AT ERAEERE AR RS - KRS B/ ) BB EERRKEAN33.33% »
(G 16.67% » MTYEKGEEALAS 14.82% » WMIVEEELMS 12.96% » WHEELG 9.26% » KEt(h
9.26% » FHAEHE L RWBEREEL A 1.85% o

AREHER AT ENAEREPE » H B AT REE L m R EEAR
> MEHSWALREEEERR  AEFLUEESR B fAz4EER (Tang 1967) o

SRR N2 B B kS SRR WANE A o AR BER TR M2 BN . BEA
Ei—R - FHIGRER (Matida 1967) o

ZRAEEREHERE-AEREEE - B EESNER » AfE—PW%E

2. JEJR pH {# :

FEEBRTE B T AR B E S ST AR - Rm e R MIEE ~ 8 4~ SIRKEWNE
BHZHT » FLEERETHIRE - ol &8 t8en pH {#o

et L3 (pHS.6) » HATEET ~ B A BUER KTSESENEBER o —RE X » THHk
BEFLAETR M RRE TR B VR o 188 pH (HEE S|P BB IE I ERS - EREAST » HAh R EITIRANEE ~
571~ L ~ ST A B I o PRI e e B R KR A B R TE R Z 2R o
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14i56.3% » Hitk(520.6% » fhiBTENE2.4% (B=RMIE) o

F BRI MR E 5 - ARV Y B e e E| L pH i (Lyon 1959) ; 4 H
WP A M AR RE T B A W S ) 4 RS A 7 R LI Iy pHUEIRAIS o SR+ pH
EI R E (R EE ~ TRRHE) L AR K BTMdos (Tang 1967) » BIAE: » i dhi e
THEEREEZHAR(Lyon 1959) o 5w/ fERAEBER RS R b & EihE A pH EREMFEEZ— o
3. EVREBEYE A

B BB Ty R BT & 2 S A RO S48 (Fungus) » iS4 #78 (Anaerobic bac-
teria) R A (Algae) G4 RATREA ; WA KPR REE » BT 25l Bz HlKH
HHGR o — M HEERYBE RS RERER S > SREN 1 %E 6% MRSURYLERT » (A
WAL EEE A BB T K P TR AR - BT 959 b b > — R 7E20—259 % 90—95%
R > 35#980% (Lyon 1959) o 4 - 3Erbi T & H WM » BEMR K » Her/ & (CN
ratio) SLEFTRM Y &8 » BRLAR ; R EEFRYE S GBS T8 18 - bR
7 G AR 2 ke o ‘

T I AR B DA B e B L AR B S RSB BE S > HAB SRS
S Fai s B R BB RS - TR R ~ 58 ~ WN—B S - BEER B kS B
BSERR o ARKLIBENE » EPEL DHE AL & B RIEESL T MKz 1967) o

IRIRATAR - ZAE AlEEYE S BB RIESR - Mitai B ESm » = mihB
R . BERVBONVB P EE S 0 EMBESHTTE R RS B EhE
W VBB S o — TS 2 UK B IS 153,19 » IS 545.7% s ch 44 (8521.39% »
T &/ 529.9% (VIR o

BMERZ FFR - TR MK P A2 VTR R o — R A I 2 48 3
SBIRAEYZ (R » (A B B 0 SR T B B > S RB R SRR A4 ) BE W (F Y
WIS o 7E Rt RETRRT & 5 SR 75 BB A 2 38 L o AR B MU TR o

K RIEREE S BA0.09%~0.70% 28 » Hrh& 0.19 LIF314 1.85% » 0.1~0.25% 3%
1574.08% » 0.26~0.50%% {4 20.3% » 0.5% ) L3515 3.7% (JB{E) o

LT H MR —E R R - — B E LR I E R Y K H7E 10~12 1 1 (Lyon 1959) o
HEYERRE SR R L FTRER (BARME -

HEOHEE=128734 (REEE) +0.0694
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4 JETRAERER
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WA R R A T s MBNWE - EEPR L A SIS A3 (BT
1951) o FEAMBERS » MAR RN I EEEEAH » EEREENTT% o

EEE R AR > MR S TR AR » MR R » B maiE
TEEHGHEIVE » FSIE GBS » ERNELE LR L#E BRI » Bt E—
EHHLE e BHRmMEMS - BEERE kEZ 1967) o

EREMERER 2L AMNERE S ERIE » ZrhB MK » BRI BE TIZ ML ~
Wi ~ B2 — S B ARE S - A&k ~ T~ CR—IE SRR o TEBENAZ b
Wik a Bm o HATU A BEIEMNRRZ — - T eER a0 A iR B AU 2 IR R BH o 1EE
JeRAbERER (Lin ez ol 1971) FIHERIE KPS E—EEE » EBRBIEERZ o &
BHPO,~P Z&&8HKg PO —P Z&BWLITRER

OKAHPO, — P& )=0.00038 x (EJEH PO, —P %48)—0.08340 (Lin et. al 1971).

EEAMERPEBEE B 200 ppm #(459.26% » FE 200-500 ppm {427.78% » 500~
1000 ppm {5 57.41% » Tfii#EiE 1000 ppm #45.55% ; KEME » —RL EEE S S0 o 1£48
BEb DU & B » FUGEBEHES B0 0.23% » HRBEH G BIE 6.62% » S BHE
22.8% > TMESHE A BER 25015 70.34% o ZEWIAIE IR RILUGE A8 K35 (Serruya 1971)

(B LR o

RILE VR & R ISR IR R MR S W B - DB RS R4 (Lin e al 1971) 2
S o itk ST R IR Bk PO,— P 2 T34 (Hepher 1958) » @Y BUBEEL$E VTR A TE 4 »
EETRE 2 BB SR - RS EH A RRIE (Lin et al. 1971) <

RILERRE 2 AR E S - W pH ERERE » URABESER L2 pH BEEE
+Z pH @& (Hutchinson 1957) » Tigjese pH B 7~8 ZHEHEZ (L AWING AL » B
BEGTMIKPZBE » MEERPZERABENS 5 HRFABRGB LA WERY pH {7427 LT HG
0% E > HERETTRREBE A BRENERZ— o ZkdiZ pH (EEA 7 LR » Az
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Wi AE B ERE ; IR AR SR R RS A SO R R T (Lin e al 1971) o
28 R TIARE R ARUR R GR o R EARRE ImmE 75T W B (Hayes ef al. 1958) o

BRI R B & - ERPEREEHb &£ (Lin ez al. 1971) 5 MBS IEA BibE -
BIREHRERSE 2 (R T EE RS &8 (Hepher 1958) » #ifE K iR E 2 HkHASEEM (Golterman
1967) 5 RIeafepins - pH EF % » th & @ EHEAEE I (Gooch 1967) o

WMEZ - LEbEliRr &Rt Ey pHEEEIRG - A/ LR BRE s RiEE+
ZEYI B B R DS BB R A A B R R B ©
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BB T RE - TRABERHATER NS EBRIEME > @ RtEE - F4aRt

— 22 —



BN TERERER RS TR EYE > OKEEREE - TIEFERLERE
Wb 5 fEh PR Hh =B ERE R R P EIRE o

& BEEEE - RERUK 2 I RUE R LU T RER ¢

[Na. K. Ca. Mg] Alumino—Silicate 4+ CO,+H,;O—insoluble residue+H,SiO,+[Na+
K+Ca+Mg]+H,CO,

S EHEFT 12818 (Brunskill ez al. 1971) o

ETRRME - (bPEER G B BRSO TR E » MR » R SIAR o b
PR E B B AR AT » T/ L E TR R R B LR TR Y » TE ARSI G IE B
Bt RISRSBEA R —KRREK » IIEFAMEBTEREEFEAUKENE » FroffEsE
VBSR & EERE 0.17% » %275 b F f iREso K bRy » BTl Reh & B th gk 0.149 » &
FiA fibhe & 0.129% o

—EZ » EENRLESRE GERE KR - H2Y ALRAENERSHETHE 0.01% 3|
0.049% ; & B# 0.019 L T % » 15489% » 720.01~24 0.02953 {51325 » #£ 0.0294~0.0494,3% 151124 »
K1%0.04% 15 289 (lE N\ R M%)

TEE s RSt SFFEREEE - 90~98% » (BRSBIRYBS » TAsHM D o 1158
iz B 5 R R » RARE BERRATF o 1B ThapEHr &8 o FRAZLE
REHF 2 BUARF o ARZ BTS2 A » B8RRI » Q2 A8 o

EE BRI B P PTRITE 0.005% ~0.0196 2 [H] o g2 B EHE LT » 80% A T2 158 »
SHERBESER (FRE 1967) o

LA IEIR & FHERTE0.0196~0.05% Bl R+ L G BE B2 A YK it # & B1e0.01%
PUF A 0.5% » 7£ 0.0196~0.03%38 15 319 s 72 0.0395~0.05953 15 2225 » KR 0.05%345 7%

(B M o

B YK B 5852 TIITE 0.03%~0.692 8 » Hrh (Ll & BA i 1.43% » HEH
B o —fE » ZEAMEEZEAE 0.L9% LT #1458 % » £ 0.1~0.3%3 {5 20% » £ 0.3~0.5%% {5
52% » KIR0.5%%14513% (B RME) o

THEEEBTHIE 0.019~0.11% o #Z2HE » R 0.03953 15 309 » 0.03~0.06243%15 27% »
0.06~0.09%%:530% » KJ* 0.09%%1513% (B-—R %) o

SREZ EREFEIBG Y AR o £ 1SR HE B AR » GBS A ErERE N
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B e E e e A & (Henderson 1949) » Mg Rt ve et B AT R »
TEERMEBEILH - GREREAEYZERE (Pearsall ez al. 1939) o

AR BB 65 ~ 60 ~ SESERSYHE RS (Wolny 1967) 5 THEJE 2 ST
bR AR (Tang 1967) o RTAKTHRIEIEHET ~ 61 ~ 65 ~ 352 R » DAL
TIRERDIBRALT R A BB LR o

#® C

B TSR R S ES IR R TR B - (LB B R » T ELSS SR > RIT A T A e R
S R M AR AR o K e 8RB b i 2% 4 BRI S S » HF)
B 3 A R P AE g ] DU - R 5 o iR VR B FE e — RO T SR R R Py &)
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BBk HEEARMETEN oH ELEH—EE

BRA3 B pH HB%% ®H% WE% W% iy Bk B W
B 0 6.00  1.83 1.45 0.15 2.60 60.09 3731 % 4
@) 620 171 1.24 0.16 6.90 57.93 3517 8 +
®) 642  1.70 1.22 0.14 14.25 47.53 3822 +
) 6.30  1.81 1.18 0.13 13.00 42.47 4453 WM E R L
(5) 623 179 1.24 0.13 13.08 45.53 4139 W EE B+
e @ 743 314 1.83 0.21 34.67 24.67 4066  Z +
@) 740 2.26 1.08 0.15 42.67 21.00 36.33 +
® 745 223 0.99 0.14 46.67 18.33 35.00 e 4
(4) 760 1.78 1.04 0.12 52.33 16.00 3167 ® H 2 +
®) 760 2.30 1.54 0.13 49.67 18.00 3223 B +
® 730 2.42 1.56 0.12 26.00 27.67 4633 +
@ 725 261 1.48 0.14 35.00 26.00 39.00 gz +
®) 720 249 1.53 0.14 29.67 31.00 3933 5 B = L
©) 7.25 225 1.37 0.12 53.00 21.00 2600 W & 4
) 738 191 1.54 0.10 46.00 21.67 3233 +
o W R 635 248 1.59 0.22 22.39 33.39 4382 HEELEL
£ | 602 475 2.01 0.27 52.88 19.28 2184 W B & +
B OB 518 10.02 3.55 0.43 15.86 31.00 53.14 MW EREEL
¥ o3 645 195 1.41 0.14 15.07 23.04 61.89 @ EZE L
B 1 ® 588 504 2.76 0.35 13.33 44.41 4226 BB+
BE W 650 3.24 2.45 0.27 15.65 44.28 4007 WAL
ik 561 581 3.85 0.39 5.98 18.50 7152 ¥ E s+
B S N 642 135 1.06 0.14 15.38 36.12 4850  EVERLEEL
3@ 618 4.50 2.64 0.28 31.12 1.94 6694 ¥y H L
% #2(1) 660  1.82 1.70 0.09 59.93 5.05 3502 B B = 4+
@) 627 222 1.98 0.14 54.44 12.45 3301 W OH L+
@) 652 1.40 143 0.10 56.03 8.18 3579 W B & 4+
E& BEm 605 587 3.52 0.41 5.03 42.96 5201 b E % 4
% Mo 542 193 1.53 0.20 12.61 35.37 5202 B ERSEL
@) 593 095 1.07 0.13 4.44 46.72 48.84 MW EH L
¥} T 632 9.83 5.27 0.70 11.93 48.23 39.84 BHWERL
© 667  0.65 0.90 0.13 14.10 41.89 4401 ¥ R E -
K bk 628  4.47 2.67 0.30 18.38 33.74 47.88 EEMGEEL
=@ b M 550 1.65 1.39 0.18 341 50.40 4619 WM B+
W B 565  1.58 1.37 0.19 7.26 54.80 37.94 % 4+
©) 510 140 1.31 0.18 10.44 49.99 39.56 RSB R 4+
@ 535 227 1.64 0.23 2.94 56.97 40.09 B WE 4+
@) 580  1.80 1.36 0.22 5.18 59.00 3582 ¥ 4
(5) 648  1.76 1.33 0.21 3.01 52.71 4428 WA M L
B R@1) 522 1.63 1.24 0.19 1.36 52.47 4617 RSB B -
© 490  1.71 1.26 0.18 1.44 54.52 4404 W E S+
(® 555  1.26 1.15 0.15 8.90 43.48 4162 W HE B+
4 470 129 1.10 0.17 2.22 45.77 5201 W E L5 4
EFTH) 5.00  3.65 2.29 0.29 11.93 47.26 40.81 B EbE B+
(@) 650  3.66 2.21 0.25 13.49 33.11 5340 B ELsEEL
©® 649 301 1.74 0.22 19.95 16.86 63.19 ¥y b HE 8 -
4) 6.68  2.84 1.91 0.25 25.96 9.30 64.74 Wy Y e 4
S W A 568 2.03 1.51 0.17 14.47 33.40 5213 R ERREEL
() 598  2.87 1.96 0.21 11.45 35.20 53.35 M RELLESL
© 623 411 2.64 0.33 8.48 45.76 45.76 B BB M+
@) 6.08  3.82 2.17 0.26 13.99 25.44 60.57 ¥ T E Ok
(6) 598  2.77 1.88 0.21 28.79 21.26 4995 = +
£ 1) 603 241 1.99 0.24 52.76 9.47 3177 = 4
(@) 597 347 5.40 0.60 10.60 11.76 77.64  fy RS H 4
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BERARGERERBEEBR (mel/kg soil)
B MW EMER  AEAB  BSe®  SHEOB KRR

B 1) 0.19 8.00 39.66 11325 161.10
@) 0.23 11.34 37.91 92.46 141.94

5) 0.32 9.74 37.05 152.23 199.34

@) 0.20 7.83 39.79 154.91 202.73

®) 0.21 8.69 39.79 104.51 153.20
ik @ 0.60 57.80 105.00 203.00 366.40
@ 0.60 27.60 86.00 124.30 238.50

® 1.00 45.80 135.40 178.80 361.00

() 3.20 87.20 236.30 241.00 567.70

) 4.40 193.10 352.30 396.90 946.70

®) 1.00 46.00 103.50 90.40 240.90

) 1.30 44.90 137.10 82.60 265.40

®) 0.90 58.70 145.60 82.50 287.70

©) 1.00 92.50 267.70 175.10 536.30

0 0.70 40.40 159.80 114.90 315.80
Eh oy E 0.25 5.67 89.20 21091 306.03
F H 0.34 3.82 82.09 51.33 137.58

B B 0.77 24.42 2,034.41 471.83 2,531.43

¥ ¥ 0.69 18.42 164.99 377.55 561.65
glknr =m 0.35 29.64 294.29 155.88 480.16
B dE 1.38 16.29 5.03 645.08 667.78
AL 1.47 29.86 246.28 569.56 847.17
EH s X 0.75 32.19 205.53 100.19 338.66
SR 0.68 27.98 36.89 339.81 405.36
1) 1.14 7.53 542 408.93 423.02

@) 1.56 9.45 8.24 483.88 503.13

® 1.09 8.72 1.04 370.09 390.30

EE uxn 1.62 66.26 13692 670.74 875.54
% MO 0.28 470 11.84 497.77 514.59

@) 0.78 19.72 81.09 644.14 745.73

R 27.62 242.06 655.03 1,118.19 2,042.90

@) 0.37 23.89 254.91 313.10 592.27

e 0.41 10.64 128.88 383.67 523.60

2 B N 0.37 50.89 53.50 604.96 709.72
it 5@ 0.43 8.40 6.31 661.30 676.44

@) 0.36 7.62 16.85 605.73 630.56

®) 0.38 9.24 21.25 599.70 630.57

@ 0.32 7.53 43.40 559.32 610.57

®) 0.28 5.00 12.09 539.20 556.57

2 OEQ) 0.45 13.41 75.91 545.46 635.23

@) 0.39 10.34 56.28 658.21 725.22

®) 0.42 8.60 55.56 633.57 698.15

@ 0.44 7.70 5039 726.15 784.68

EETHO) 1.17 75.14 192.50 761.87 1,030.58

@) 1.15 34.41 118.62 455,84 610.02

3) 1.20 63.71 94.59 508.36 667.86

@ 1.31 26.38 94.98 370.63 493.30

kW A 1.12 26.72 70.49 77222 870.55
@) 5.06 65.05 49.09 827.05 946.25

® 3.65 75.04 52.21 860.47 991.37

@) 3.35 38.59 39.89 564.81 646.64

) 6.69 54.68 30.75 601.59 693.71

£ #® 1.61 46.93 259.11 408.16 715.81

@) 2.71 38.74 73.37 712.05 826.87

BAEY 0.23 6.62 22.81 70.34 100.00
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EBAKALEEAMRNBECER

- N.*% K+o;, C.*% M;%
B X El 0.0012 0.0083 0.0467 0.0210
E2 0.0010 0.0073 0.0449 0.0170

E3 0.0010 0.0058 0.0348 0.0193

E4 0.0010 0.0050 0.0534 0.0172

E5 0.0010 0.0069 0.0330 0.0208

¥odE Al 0.0031 0.0075 0.4661 0.0289
A2 0.0025 0.0057 0.3711 0.0263

A3 0.0022 0.0054 0.3441 0.0242

A4 0.0026 0.0060 0.2487 0.0255

A5 0.0023 0.0051 0.3607 0.0251

Bl 0.0026 0.0077 0.3498 0.0314

B2 0.0031 0.0075 0.3775 0.0372

B3 0.0030 0.0079 0.3605 0.0322

B4 0.0032 0.0078 0.3534 0.0315

B5 0.0037 0.0078 0.3279 0.0280

E h v E 0.0012 0.0062 0.0794 0.0257
£ H 0.0028 0.0067 0.0876 0.0286

B 0.0091 0.0131 0.0945 0.0538

S 0.1702 0.0254 0.1846 0.0825

¥ {t & = 0.0093 0.0144 0.3045 0.0541
B 0.0120 0.0027 1.4304 0.1098

ZALT 0.0104 0.0246 0.5776 0.0643

E ® I X 0.0019 0.0064 0.2139 0.0202
sl 0.0049 0.0094 0.5432 0.0418

% BQ) 0.0265 0.0009 0.3408 0.0345

@) 0.0101 0.0032 0.2992 0.0304

® 0.0061 0.0021 0.2312 0.0182

E OE zxm 0.0079 0.0349 0.5357 0.0536
% M) 0.0385 0.0404 0.3305 0.0879

@) 0.0253 0.0324 0.2891 0.0884

T 0.0562 0.0829 0.6488 0.1149

© 0.0046 0.0216 0.2593 0.0536

F 0.0034 0.0127 0.4174 0.0303

E B O W 0.0443 0.0362 0.3847 0.0771
W =) 0.0429 0.0436 0.3337 0.0863

@) 0.0426 0.0210 0.3321 0.0814

@ 0.0538 0.0433 0.3272 0.0920

(4) 0.0567 0.0450 0.3356 0.0933

®) 0.1489 0.0413 0.3377 0.0917

2 OHEQ) 0.0498 0.0329 0.3078 0.0847

@) 0.0436 0.0357 0.3398 0.0774

@ 0.0488 0.0299 0.2659 0.0624

@ 0.0516 0.0299 0.2977 0.0743

EETQ) 0.1241 0.0443 0.3847 0.0980

@) 0.0437 0.0231 0.3633 0.0712

@) 0.0375 0.0191 0.3394 0.0614

@) 0.0342 0.0197 0.3602 0.0817

= Ok W R 0.0107 0.0187 0.3295 0.0463
@) 0.0135 0.0214 0.4323 0.0630

®) 0.0253 0.0305 0.6110 0.0976

@ 0.0958 0.0263 0.2972 0.0648

®) 0.0183 0.0207 0.2986 0.0511

£ ®o 0.0029 0.0067 0.3804 0.0213

@) 0.0105 0.0152 0.8974 0.0527

— 33 —



N e RBRAREZAERHARL
Ecological Study of Milkfish Wintering Pond
BB R o EH R O

Hon-cheng Chen and Chi-yang Liu
Abstract

The late fingerlings of the milkfish, Chanos chanos, one of the most important com-
mercial fishes in Taiwan, must be stocked in wintering ponds to survive the winter. For
the past ten years, the mortality of fish in these ponds averaged 14%. This study on
the ecosystem - physical, chemical and biological succession - of wintering ponds was car-
ried out from 1969 to 1971. The vertical distribution of salinity and some of the in-
organic ions suggest that there is no water stratification, although there was always
negative Redox potential in the bottom soil. The dominance of Olisthodiscus sp., which
makes up about 909 of the total plankton, results from low temperature and the appli-
cation of peanut cake. The phenomenon that the decreasing Redox potential and rising
I, consumption coincide with an increase in dissolved oxygen is peculiar. In the winter-
ing pond, low temperature and oxygen deficiency are the two main factors causing fish
kills. High ammonium concentrations, I, consumption and plankton population, and
negative Redox potential may, more or less, influence fish mortality, which was not in-
fluenced by pH value, salinity and the concentration of phosphate, silicate and nitrate.

Some suggestions were made to increase the survival rate of the milkfish in winter-
ing ponds.
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FEARBIRARMBEZ AR MATEE » {95 130~180 cm o #/KERE L 10RF224T » DIBIBETEER
B IREE » FURALRAE R B EE ABRAOH » AT RAE 8K B B pls 328 o BRKIIE AR
B S R~ BYE S KFRRERZE(CRRBEA S o WEHFEMAINT ¢

BARBRERERD. 0~50 °C 2 XBBEHEZRY o

(CBERE (Salinity) B¥KHEFGBEEMERRE o

%W (Transparency ) fREVER Scm Z JEAEEBRE A KFIERER EHBRZ FES
BTG o

miEEE (Turbidity) ©l Hach KES#75EREIE o

@pH il HM-5#> pH meter {5 o

REEE, (Dissolved Oxygen) [l Winkler’s method {l5E o

togzEE (Ammonium) f Rochelle salt ¥ Ca ~ Mg W fi# » fn Nessler reagent {ifiz &%
&> BLEERE 430 mufizE (Barnes 1959) o

(UEERSEAEE (Nitrite) ¢Rin Sulphanilamide % N-(1-Naphthyl)-Ethylenediamine FZEihL
> HEL 543 mp JlE (Strickland 1960) o

(FsEeEE (Nitrate) [ Hydrazine sulfate 3RS H EH LERE o

HwEeE (Silicate) LI Mullin & Riley’s method FEE 810 mufllE o

(EsEE ( Phosphate ) LSRR ~ TR B EL 07 A AR BRI L » FUL G LTESH R AL &
Yk ¥R 705 me JUE o

EiaEE (I; consumption) RHN#EE - B A HIEEShRE R A ZBLETR o

AP RERZEBEE M2 Eh (Redox Potential) f#E#H RM-1 Fl2Eh meter 3l
Eo

et &8 - DELE 3500 rpam. #ED 155882 TTERETME o

E‘nn %

Wik pH 2 #LEiETE 8.0~9.22 » Fi#5 850 pH {HFIEREHRE » & pH [EFEH
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Fig. 1 Vertical distribution of pH value at 10 a.m, on different dates’ in wintering pond.
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Fig. 2 Daily variation of pH value at 10 a.m. in wintering pond after water renewal.
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Fig. 3 Daily variation of salinity in wintering pond after water renewal,

H = BXERIUKEEEZ HEMLo
— 37 —



ERAR » (BHRED » FARFIHB03 0

BRRE— RS2~ 39 % 2 RSB » TFIHE35% o BEEMBUKEE Y REMER (B=) > wilm
4% o Fl— & Hieh » RRGOKERTRGEE » MEBR33% - (AEEREN (BEm) - e
B—3Hdm > A EToRBES o

SALINITY X
33 34 35 36 37
T T T T 1 T T ¥
2ok 2MEZ .. 2-13  2-7 254
40
60 -

1601~

180}~

Fig. 4 Vertical distribution of salinity at 10 a.m. on different dates in wintering pond.
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Fig. 5 Daily variation of transparency at 10 a.m. in wintering pond after water renewal.
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Fig. 6 Vertical distribution of turbidity at 10 a.m. in wintering pond.
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Fig. 7 Daily variation of turbidity in wintering pond after water renewal.
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Fig. 8 Daily variation of dissolved oxygen at 10 a.m. in wintering pond

after water renewal.
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Fig. 9 Vertical distribution of dissolved oxygen at 10 a.m. on different
dates in wintering pond.
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Fig. 10 Diurnal variation of dissolved oxygen and water temperature in wintering pond.
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WY B R % » 7% 0.18~1.2 ppm o BEEEERY » £ 0.07~0.38 ppm o THRSHEEE R »
7 0.007~0.3 ppm ZM o —EZ » W=BIEHEBEYERKER AR E SRR WE > 81
VA B o R B KBTI Y - TR T B I B B U B A K 4 RETIEIR (F—) o
‘ A BMABRBRGEBIMREZAE
Table 1. Comparison of water quality in wintering pond,

rearing pond and main water canal

Pond & ’ Nitrite—N Nitrate—N rPhosphate—P\ Silicate—S;

| Canal No. ppm J ppm ppm | ppm
| A, 0.026 0.058 0.07 0.4
| A, 0.01 0.022 0.218 1.2
A, 0.016 0.028 0.099 0.97
‘ 124 0.007 0.074 0.078 0.32
. | 0.018 0. 0.118 0.6
Wintering Pond An 0.028 05t 0.118 o5
: A, 0.17 0.249 0.092 0.87
Aq 0.014 0.019 0.072 0.22
A, 0.05 0.016 0.189 0.54
A, 0.013 0.057 | 038 | 1.06
St | 0008 0.040 | 0282 4.08
St, 0.017 0.022 0278 1.40
St; | 0.018 | 0.068 0.372 2.24
| St, | 0.005 | 0.016 0.172 1.88
Water Canal | St; | 0.009 0.051 | 0.312 1.23
St, | 0.007 0022 | 043 | 188
St, ‘ 0012 0.046 | 0218 | 1.12
St, 0.011 0.063 0.213 1.00
St, | 0.007 0.028 0.322 1.40
| P, | 0008 | 0037 | 0322 | 036
| P, 0.008 0022 | 0.248 0.44
P, | 0.004 0.016 | 0.268 0.496
Rearing Pond P, | 0.007 0.019 | 0.268 0.42
caring ton P; 0.006 0.022 0.169 0.18
. ‘ 0.015 0.046 0.268 0.44
P, 0.007 0.034 0.171 0.32
s | 0.008 0.013 0.181 0.36

g R be (H.S) A » HEE#ERS 04~5.75 ppm » 755 2.5 ppm o 'EZEK
ROt KBS BRET SRRSO MBS EZ VR o —kE2 » ASERERKRRZ REmESR
(B—) o RAARLEF & BIRE - JEAK 0 RoEE & B o (BIUKEZ R RIS A (s
TE12 T 1 B s K ERTIEIR » 2 ARSREKIRTIER (B1+2) o

kK E(LRERMNZE Eh 2 SE88ES +155~-120mv 2/ » (CREHRKE S KB ER
(B+=) » LA B ZHEB WA » 1712 Ak Eh & +90mv £45- 1R +70mv - 2/
RIER » DBREIRAME o HSUKRZ HRARARBIUKFEZBLER » BITE12R 1 AREKERmE
878 2ARGER (BT o R—BEEPREMME » Eh 2880 mv » R4
TRMEE A o F Ebh RAMER » REHIRKPEEERRZ o

&R pH (82 S LEER7.95~8.55 » 'EFAkp pH (R » BIEER 2 KEIER o RFE (L
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Fig. 13 Daily variation of Redox potential in wintering pond after water renewal.
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The concentration of Olisthodiscus is judged by visual density.
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Studies on the Control of Brown Water in Milkfish
(Chanos Chanos) Ponds

o B OR . iz R A

Abstract

Formation of brown water in milkfish ponds used for wintering purpose was found
to be due to a bloom of Olisthodicus carterae. '

To find a method to control the formation of the bloom, Olisthodiscus carterae was
cultured in different salinities and treated with various concentrations of CuSO_, CaO

and bleaching powder.

Olisthodiscus carterae grew well in a wide range of salinities, but growth was
completely suppressed at salinities from 3.55 to 8.87%, The organisms of this species
did not grow at higher concentration of CuSO, and bleaching powder, but its growth
was not affected by CaO.
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FEEHK » BEKDEELEZEHRY » ER—EROREEZEERE Olisthodiscus carterae
KRB » (FRERAE M KIGERES » BI—RBRATHEZENK o B O. carterae 2
KEHH » BFERKREREZBEREERD » HREBRAZERG  WIREMBERZhY R
W o BAKPEERZ » B H RRBERERRE » M#EZECY o MRKRBIFRRIREF K » DI
%0O. carterae 2 5%%E o (IR B RFHIVERERKR: » O. carterae EERFEE o 5
Biik O. carterae WESRHREE » BMRBLEREESENITUZER » DBRITE o

HHEREFE

REWITHR A2 EBAICOERE KERBIERE S PTE REA L » DUh AR - FRIRE
MHEETESINEE 70°C BSHT o RAATFABZIENTEANREEZEAI0AT - RAZEHIK
# (Soil Extract) 100 ml® FjinA O. carterae fEKERIEEG » BER 3000 lux > B¥%ET
(7 am.-6 pm.) o — HEFBIMALBREZ 4HES - WAEH TF=ERA Shimadzu
Spectronic-20 [l 430 my Z HERHEERE » ABUESHRER O. carterae ZHERWEN » [
HRERTNETYHE R RERETREEF AL MATRE 41~48 A4ZEHBAR

— 50 —



¥ S

B O. carterae Z/AE K » R BILEYREW RS HERWT o

1. g (Salinity)

Witk Fp N A ZRBRK (R B TR RS » REEBIER O. carterae ZHERWY o HE—TIEHBME
3.55 % 8.879, FEEEHIY O. carterae =45 » BEETE 17.75%, RiSAif L » BERETE 26.63~35.5%,
Wit A b o (RIEL B AUREDEY: 2 8 » Wl 3.55~35.50% B A REMPE o

2. HiERSR (CuSO,)

HEYRIT 2 TiEASRIRATE » BB IMA R BSHITEIITR 2B o ¥ 355 A1 7 ppm BifgsHZ
BEWE O. carterae 2% RAGIIHIGITRIBIHEL L ERR o 7E 0.5 ppm ZHRMREE O. carterae
ZHERWKEE o] ppm ZTHERSHG P ST » B—AERHIHI30%24ERK o 10 ppm
LU 2 i sl B AR s i o

3. £FIK (CaO)

HESABHARREN O. carterae 7 EREFEGEE o 15 ppm DUTREENE R A
HiEER s - (252 15 ppm bl LR » BAISFIRE B A2 &SR o

4. Bq¥r (Bleaching Powder)

TR EADRAERN=ABRERNGRBIRAER » AR5 KR ZIRE AL IEA o |
PIETREOTE A B A B L - 20 Fn 30 ppm H7XEBI A6 - BARSRE
BIBEADEA T FrEZE B RRRGSEILKIZEE o 15 ppm 2 B#RBIIAEEE Y - HEA
B A U N B WIFET 0 5~10 ppm BHEMEHEARZY » (BIREEE O. carterae FET1-50% o

F— 1 EHER O. carferae HRMHFE » FEERBIEZARBSLEEFSHERERK

Ttk
B o355 | 887 1065 | 1775 2663 | 284 | 3198
O. carterae o 77”7”777%7 - ‘[77777 - o ‘ : - f
Z & kB Wl 0 | 10 | 40 110 . 98 | 100 | 100
: I : ‘ !
AR RzZETRK Yo, 0 0 o s o | o
K BURSAE O. carterae Rz F8 - REERLIEZ & RE S WEAFEHER
R HFEL
i [ T ! 1
- N R
O. carterae ‘ ‘
z A& B K | 100 } 70 0 |10 3
AHEBARAZET R i s i /s Ys 1 o/ ] s
F= BAPOKEEE O. carterae £ Rz 2% » FEBREREZARBS LR ARE
HE ARBIEZ I
A Fe] V3 | | |
ppm | 5 s ‘ S5 | 25
O. carterae i ? ! \ i
Z & R’ KR 100 | 90 99 8% | 8
ARBRZEEE | Y N L R A




=W BEWH O. carterae Rz 4 » RERBA LT & RESHRAGHEHEER

BT I
= & o
B e s w0 s 0
O. carterae 1
> A B K | 50 ‘ 45 30 o0
AARRZECE | % h | s, | 5,
£7 : SRR B R
% | — | = | =
BOH R 2T K o, | o, | Yy

WAt E E R FERABREMAREMHE » HKibhZ BEEMH BT IREAYZIE
=¥ o Kbz BEELEFERA T AEERSHES o BRIMRAKibFZ B EYRERN - B
REF I B HAWBRIR AR > B ALK 5 R BB R o AT BB O. carterae 2 KEBAFERE
A BRI R o RIMTMARABER O. carterae Wi B AHEMBEEEE » AERERM
B RERE BB ERESEREZH S o

HAERERER TR otk BEAERS Ik O. carterae AREZEN o BMEFthK 2 B R3¢
FE10.65% LAUTFREAT L o EIRTE b » SEJKERE 2 E— TR BImA K o

LA KB ABRT B 4 I 2 A NS UK » KRR R - FTUE R A2 TR EER
BB EKCERBERE B RZRTER) o 548 (614) 2 A 28 AEMAHE » THE—E
A s BHRAR AR KB » ERNBLETMALERGZ I TKE (REZHE) HEY LR
BEZIT o MASEE (2 TK—Z I EKER N - BEEERE - BEEMRKETLC  BO%
B2 5 o BARIMAR T ARERAZERE N - AREEZEIN - FE B GEESTHZER
JEMMRINBEG ZIEHN o BRE B AREHRE KB HEEHERNITE

BRI RIS gk A > Kk BF 1L O. carterae %514t » FIH CuSO, Ml O. carterae 7555
T2 Kk o LHEEFA 1 ppm CuSO, LI4F 4~5 HEE—XK » BROQEFEE » U0 2~3
ppm EEA K GEERERE X - BEAT2JE o BEREAR O. carterae g MBEFET
BRIE s TSRO BB AR » FERBETTCAIER » Bk 2B - REMERBONEE
BEWESR » YAEERRRZER o PEEMERFEYNTAL  FERBA B ERNTE
PARIEE R Ay 2SR T A R » ISR S G TTEETE - TEE AR ak® o
(PR 2 RS LT E B A AT o ATDURRIM SRR AT B R o E Cutt R
BEBNRERYAFE—PZHE o

EEBKEIEAYEE » AARKNEN » HERAR O. carterae FHHEKIE o MAEKE
O. carterae $ERHENPE » WERATHEFRZEEY o

1B Igonifagha W KERBATERSAT 31 - 33 WARLEME B RZER - FHHEAR
0347520 » £MBRAE—-TAER  BRHEREY » ERETEEE A AT  FIUESEFTER
i > DBoK s » REEERERLETERRE - B BRER - TN ERMERERZE
B WAERE AL s AW REEZ S » KRR

5 —



[

&!I

RBBRE LUBFETT » T A 0 » TSRS BHRRR ST
KRERBAT  BAARAERTERER » 2SI RCEOHE » BUERISER » #ih—6t5%
o

2 £ X K

. ZEE k% F #H 1970
20k = 2 1968 The farming of milkfish (A review of
practice and problems). Fish Cult.

Rep. No. 3.

3.3 T 1971 WAWhE R SR SERARE (REZ).
HE B SR B 1965 BRERE Ml
5. Shen and Chiang 1971 Notes on organism causing brown water in
milkfish ponds. JCRR Fisheries Series No. 11.
6. #k £ 4 1969 = HR AR
JCRR Fisheries Series No. 7.

— 53 —



Some Parasites Found in Pond Fishes of Taiwan (1)
Yen-pin Li and Shiu-nan Chen

Introduction

It has been known that under culture conditions, some parasitic diseases of
fishes may occur frequently, causing catastrophic losses. On Taiwan there are
over 5,000 hectares of fish culture ponds. To prevent catastrophic losses, studies
of parasitic diseases of domestic fishes are necessary.

Although several general surveys of land animal parasites have been made
here, no extensive investigation of parasites of fishes has been done. The pre-
sent work was undertaken in an effort to gain some knowledge of parasitic fauna
in the fishes used for pond stocking in Taiwan. This report is limited to the
species of parasites we collected. All the species of parasites described were based
on observations of the parasites collected. Whenever possible, a biological
discussion and treatment of the specific parasite are included. All photographs
and drawings were made from specimens collected in this survey.

The present study deals with data on fish parasites collected from September
1971 to March 1972. Collections were made mostly in northern Taiwan. This

survey is not complete, so we hope that the work will be continued.
Review of Literature Published in Taiwan

In classifying the parasites, Harada (1930) reported one species of parasitic
copepod, Ergasilus japonicus, a new species, infecting Pseudorasbora parva and
Pararasbora multrechti in the Tamsui River. In 1938 Harada also found Micra-
canthocephalus motmurai infecting Zacco temmindki and Zacco platypus; Micracan-
thocephalus dakusuiensis n. sp. infecting Zacco temmindki; Rhadinorhynchus nudus
n. sp. infecting Trachurus japonicus; and Eosentis formosanus n. sp. infecting Zac-
co temmincki. Lu (1954) stated that costia frequently infected the skin of fish;
and lernaea, the mouth cavity and gill of freshwater fishes. Genus Lernaca
found on Taiwan fresh water fishes was studied by Ho in 1961 who described two
species: Lernaea cyprinacea elegans and Lernaea parasiluri Yi in detail. Wu
(1968) reported that, in Taoyuan, of the two lernaea species Lernaea parasiluri
Yii was the more harmful.

As to eel parasites, Ko (1969) stated that Lernaea sp. was found on the
ventral fin, dorsal fin and in the mouth cavity of the eel. An (1967) identified
a parasite in the air bladder of the eel as Amnguillicola globicep Yamaguti.
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Concerning the treatment of fish parasitic disease, Lu (1954) treated costia
infected fish with 29 NaCl; gyrodactylus infected fish with 1:1,000 0, and
lernaea infected fish with Ca(C10)Cl. Chen (1954) suggested changing the water
as soon as argulus infection was detected. Ko (1969) claimed that lernaea on eel
was cured by 3 ppm Dipterex. Chang (1968) treated the last stage of lernaea
larvae with 0.5 ppm of Dipterex and found it to be 91.4% effective.

Material and Method

Specimens of fish and parasites were taken every two or three weeks in the
six months from September 1971 through March 1972. In addition, pond fish
suspected of infection or disease were brought to the Laboratory for examination
as soon as the pond owner noticed the symptoms. Most of the specimens were
taken from the ponds in northern Taiwan.

Roger’s method (1967) was adopted for the collection of trematodes. During
this process, the gills were removed from the fish and put in a container of 1:
4,000 formalin solution, while the body was placed in another. Trematodes collect-
ed from the solutions were studied immediately or preserved in 5% formalin
solution for further examination.

Protozoans were studied in vivo and in smears fixed in Schaudinn’s solution
or 10% formalin and stained with iron hematoxylin. Copepods were preserved

in 709 alcohol or 1025 formalin and then examined.
Results and Discussion

{A) Protozoans
1. Lhthyophehirius multifiliis (Fig. 1)

Host and locality: Hypophthalmichthys molitriz, Ctenopharyngodon idellus,
Cyprinus carpio, Aristichthys nobilis, Anguilla sp., on fins
and skin.

Remarks:

Ichthyophthyriasis, or white spot disease, has long been known as one of
the major problems of fish culture in Taiwan, ( Lu 1954, Chen, 1954). In
the course of this survey, this parasitic disease was found mostly in March
(1972 when water temperature suddenly rose. The disease was caused by
ciliated Ichthyophthirius multifiliis, which when fully grown is round, about
1 mm in diameter, having a number of contractile vacuoles and granules

scattered throughout the body.



The infected fish is characterized by the appearance of numerous small
white spots on the fins and the skin. The ecology of I multifiliis has been
fairly well studied. The parasite penetrates the mucous coat and the upper
layer of the epidermis, forming a bladder under the skin and growing in it.
When the parasite is full grown, it ruptures the bladder and leaves the
the host, settling down on some object and secreting a cyst. Within the cyst,
the parasite undergoes rapid division forming 500-1,200 young parasites. The
young parasites swim in the water for a few hours, searching for hosts. Ac-
cording to Suzuki (1935), temperature is a major factor affecting the devel-
opment of this parasite.

Due to the fact that no known chemical is effective in killing the parasite
in the skin of fish, the chemotherapeutic treatments of this disease are directed
towards the extermination of cysts and young parasites in the water. For this

purpose, baths containing NaCl, formalin and quinine are effective.

2. Trichodina sp. (Fig. 1)
Host and locality: Anguilla sp., on gills and skin.
Remarks:

This parasite was found in eels in Taoyuan in March 1972. Six slug-
gishly swimming eels were examined and found infected by this protozoan.
Massive attachment of Trichodina on the gills and skin caused the increase
of mucus secretion, sluggishness and loss of appetite. Egusa (1970) mentioned
that the presence of Trichodina did not injure the gills directly but might
cause difficulty in breathing.

Trichodina is very easy to control. Davis (1953) proposed the use of a
39 NaCl solution or a 1:500 solution of acetic acid or a 1:4,000 solution of
formalin.

3. Myxobolus sp.
Host and locality: Carassius auratus, in muscle and connective tissues.
Remarks:

Although the common carp, silver carp and grass carp are cultured with
the goldfish (Carassius auratus), the infection of this parasite is strictly
restricted to the goldfish. The infected fish grows two large tumor-like masses
on the dorsal region just posterior to the head, as shown in Fig. 3. There
is no age limit to the infection by this parasite. The infection does not
cause. the death of fish, but the fish loses commercial value.

This parasite belongs to the order Myxosporidia (Kudo, 1954). Spore is

ovoid, posterior slightly wider, suture straight, iodophilous vacuole present,
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two polar capsules are of equal size. Spore measurements, 11.7 micron by
7.6 micron; polar capsule, 4 micron by 2.7 micron (Fig. 4).

Up to now, there is no known specific cure for sporozoan diseases.

. Myzidium sp.

In the present survey, three species of the genus Myzidium were encoun-

tered in the eels collected from Shihlin in October 1971.

a. Myxidium matsuii (Fig. 5)

Host and locality: Anguilla japonica, on skin.
Remarks:

Whitish pimples of about 1.2 mm in diameter were noticed on the
bedy surface of an eel. By smearing the content of the pimple onto a
microscope slide and examining it under high power lens, the writers
observed that the spores morphologically agreed with the description given
by Hoshina (1952) for Myzxidium matsuii Fujita. In fresh preparation,
the spore was 12.4 micron by 8.0 micron in size, oval shaped and obtusely
pointed at both ends. The shell exhibited longitudinal striation on the
surface. The sutural ridge and the line were indistinct. The two polar
capsules were equal in size and almost spherical.

According to Hoshina (1952), M. matsuii invades the corium of the
host and develops by forming spores in the cysts. When the spores mature,
the cysts break easily and discharge a large number of spores. However,
as soon as the contents of the cysts are completely discharged, the wound
heals itself.

b. Myxidium sp.

Host and locality: Anguilla japonica, on gill.
Remarks:

Four large eels (all over 42 cm in length) were found excreting
mucus in the gill excessively. When the gills were examined, a number
of white opaque spots of 0.6-1.0 in diameter were observed. Under
microscopic examination, these spots were aggregations of spores. The
spindle-shaped spore (Fig. 6) was 10.7 micron by 4.6 micron; the two polar
capsules were of equal size, pear-shaped, 3.6 micron by 3 micron.

The attack of this organism on the gill may cause hypertrophy of

both epithelial and connective supporting tissue of the gill filaments, which,

— 57 —



in turn, may result in difficult breathing of the victim.
c. Myxidium sp.
Host and locality: Anguilla japonica, in kidney.
Remarks:

In two eels, microsporidian was found in the muscles and myxidium
was found in the kidney. The kidney infected by myxidium was abnor-
mally large. The spore was 12.5 micron long by 4 micron wide, showing
two polar capsules which were equal in size, pear-shaped, 3.5 micron long
by 3.2 micron wide. The coiling of filament in polar capsule was

indistinct (Fig. 7).
5. Plistophora anguillarum Hoshina, 1951

Host and locality: Anguilla japonica, in muscle,
Remarks:

This parasite belongs to the order Microsporida. Plistophora disease is
found in almost every eel pond in Taiwan. Because the course of this disease
is not acute and the sick fish remains alive for a considerably long time
(Hoshina, 1951), the infection has been observed in eels of every growing stage.

The eel infected by Plistophora anguillarum shows a deformation of trunk
muscle, as shown in Fig. 10. In the swollen portion, there are cysts scattered
among the muscle fibers (Fig.8). Hoshina (1951) stated that the swollen
parts indicated the developments of cysts in the tissue which had not yet
been disintegrated. The collapsed parts indicated complete disintegration of
the muscle tissue. In the cysts, there are many sporonts, each of which con-
tains numbers of spores (Fig. 9), some containing more than 16 spores. In
the fresh preparation, there is a vacuous portion in the posterior portion of
the spore where several transverse lines can be observed. The sporoplasm
looks like a narrow girdle located near the middle of the spore. The polaroplast
which has two parts, the chromophilic portion and the chromophobic portion
(Putz, 1970), extends from the anterior end to the posterior part of the spore.

There is no known treatment of this disease so far. The only method
to prevent the prevalance of this desease is to remove the infected fish from

the healthy ones.

(B) Trematoda

1. Dactylogyrus sp.
Host and locality: Anguilla sp., on gill.

— 58 —



o))
L.

Remarks:

In the six eels taken from Taoyuan in March 1972, in addition to
Ichthyophthirius multifiliis and Trichodina sp., Dactylogyrus sp. was found on
the gill (Fig. 11). The Dactylogyrus sp. is about 3.05 mm long by 0.8 mm
wide, having two pairs of eyespots near the anterior end, 8 pairs of hooks
of similar shape and size except one pair which are smaller (Fig. 12).

Davis (1953) indicated, “If the parasites become very abundant, injury
to the gill may be so extensive as to cause the death of the host ...... When
the same fish is infected with the ectoparasitic protozoans, the results may
be disastrous.” The massive mortality of the eels in the Taoyuan ponds
in March 1972 might have been due to the dual infection of Trichodina
sp. and Dactylogyrus sp. on the gill.

Parasitic copepod
Lernaea sp.

In the present study, two species of lernaea were found.

a. Lernaea cyprinaea elegans
Host and locality: Carassius auratus, on skin.
Remarks:
This species was found in Taoyuan only. According to Harding
(1950), there are two forms of this parasite. The difference is based on
Y-shaped or T-shaped anchor process. QOur specimens are all of Y-shaped,

so-called Japanese form. The same conclusion was reached by Ho (1961).

b. Lernaea parasiluri Yu, 1938

Host and locality: Hypophthalmichthys molitriz, Aristichthys nobilis,
Ctenopharyngodon idellus and Carassius auwratus, on skin and fin.
Remarks:

This species of Lernaea is found in Taoyuan, Neili, Lukang and
Tainan. It is better known, more widely-spread and causes more harm
(Ho 1961, Chang 1968, Wu 1969). According to the anchor process of
this species, Ho (1961) divided it into 8 types. In our specimens, type
1&1 predominated.

The lernaea usually lives on the surface of the body. It eats away
the scales, penetrates into the subcutaneous tissue and causes considerable

structural damage. It may even destroy the fin. From the injury to the
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skin and the fin, other bacterial infection may result. The high infection
intensity causes the death of fish. This genus of copepod was found in
each of the months from September 1971 to March 1972. It is probable
that the parasite is found on the fish throughout the year. As for the
cure of this parasitic disease, Chang (1968) used Dipterex 0.5 ppm to kill
the larvae. NaCl in 1.023-1.024 2% concentration is also effective in lernaeosis.
2. Argulus sp. (Fig. 13)

The number of species of Argulus in Taiwan has not been determined, but

the writers collected only Argulus japonicus in November 1971.

Argulus japonicus Thiele, 1910

Host and locality: Tilapia sp., on skin.

Remarks:
This species was collected from tilapia in the Tainan Fish Culture Station

ponds. The body lengths of the specimens: female 2.7-4.8 mm and male
1.0-3.2 mm.

Argulus infestation usually occurs from October to following April. In
Taiwan argulus not only kills the fingerlings but also adult fish. It killed
tilapia in Tainan. Living on the fish gill or the skin which it penetrates
with its proboscis and sucking the blood of the host, argulus causes general
weakening of the victim. According to a number of authors, argulus also
causes other bacterial or fungus infection in fish causing more serious damage
than general weakening.

An effective method of treatment for argulus infection is BHC in 0.5
ppm. In his review, Herman (1970) mentioned the ill effects of BHC
treatment, and recommended the use of Dylox (Dipterex, Neguvon) instead
to treat this parasitic copepod.
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Fig. 1. Adult of Ihthyophthirius Fig. 2. Fresh preparation

multifiliis (125 X). of Trichodina sp.
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Fig. 3. Dorsal view of the goldfish Fig. 4. Sores of Myxobolus sp. with
infected by Myxobolus sp. iodophilous vacuole (1125 X).

1.V., Iodophilou vacuole
P.C., Polar capsule

Fig. 5. Spores of Myzxidium matsui Fig . 6. Spores of Myzxidium sp. from
(1125 X). the gill of Anguilla japonica
(1125 X).
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Fig. 7. Spore of Myzxidium sp. Fig. 8. Spore cysts in muscle of Anguilla iaponica

from the kidney of
Anguilla japonica.

3 / . ,
144 A g Y 2T o
(125 XD.
M., Muscle
S.C., Spore cyst

Fig. 9. Spore cyst of Plistophorus
anguillarum in muscle fiber
stained with iron hematoxylin

(1125 X).

Fig. 10. Body deformation of Anguilla
Japonica caused by Plistophorus
anguillarum.



Fig. 11.

Dactylogyrus sp. on the
gill of Anguilla sp.
D., Dactylogyirus sp.
G., Gill

Fig. 13.

Argulus japonicus.
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Experiment on Artificial Propagation of the White-Spotted
Freshwater Catfish, Clarias fuscus (Lacépede)
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Abstract

The purpose of this experiment was to produce by induced spawning fingerlings of
the white-spotted freshwater catfish for culture in ponds. Fertilized eggs were obtained
from four spawners that received injections of pituitary gland and Synahorin. The milt
for fertilization was obtained by cutting open the sperm roes. The fertilized eggs were
hatched in aerated water.

The two spawners that received fresh pituitary gland of common carp plus Synahorin
achieved 1002 ovulation, 909, fertilization and 959, hatching rate. The two spawners
that received vacuum dried pituitary extract from common carp plus Synahorin achieved
only 602, ovulation, 609, fertilization and 859 hatching rate.

The larvae were fed with egg yolk and brine shrimp larvae. The survival rate on
the 40th day after hatching was 80 to 90%.
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Induced Spawning of the Catfish, Parasilurus asotus (Linnaeus)

3 = B
Gin-fu Chen

Summary

Experiments on the induced spawning of Parasilurus asotus were carried out between
October 1971 and May 1972, The spawners were two-year-old fish reared in the pon-ds
of the Chupei Station of the Taiwan Fisheries Research Institute.

Identification of sex was made according to the difference in appearance of the
urogenital popilla as shown in Fig. 1. Among the different hormone treatments shown in
Table 1, those of pituitary mixed with tannic acid were found to be the most satisfactory.
Spawning took place 12 to 20 hours after the first injection.

The highest hatching rate was 732, (Table 1) when pond water with pH 8.5-9.5 was
used for hatching. The rate increased to 8595 when the pH value of the water was
controlled within the range of 6.7 to 7.5 (Fig. 2).

Observation on the development of the fertilized eggs in 20°C water was made from
the time when fertilization was completed until the eggs were hatched (Table 3, Fig. 3).

Observation of the early growth of the larvae was also made (Fig. 4). Commence-
ment of feeding was observed on the second or the third day after hatching; the yolk
was totally absorbed between the third and the fourth day; the larvae had three pairs
of barbels; the larval membrane disappeared on the 20th day; and on the 30th day, the
larvae became morphologically identical to the adult and had only two pairs of barbels.

The growth of the larvae was different between those reared indoors and those reared
outdoors. The indoor-reared larvae reached a total length of 71 mm on the 60th day
after rearing, while it took only 37 days for those reared outdoors to reach the same size.
The survival rate of the larvae was 14.509, when reared indoors and 67.13¢5 when reared
outdoors (Table 4, Fig. 5).
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FEITEER » il EE 5
SRS B, » B Q 8
BR BB BIHER '
ZREBUK o IR TR
BIRE BRI o
2. MEEZEBIA
& T R R 5T
B
HBFEERE A
mEES K K.HEs
PRI A S AR
B 5 (Synahorin) o
AFABRFTE FA 2 1S
TERALE: 5
#F 596.0~1,020g =
il s TR > —B8
HRAFAEZRAMNTE
B& o

Fig. 1 The urogenital papilla of male and female P. asofus.

BREEEE (tannic acid) : FAES 0.5% 6 fH o

T I LRSI A SRR SN R AR A ER AT o BYZEASHE R
EHREETIR Table 10
3. EHBZEERRINRHZHE

RIS RO » BEHERES 2 BIAR 65x45%30 cm Z@ARBRER (24.0°C) BEHEKHE
M AR o

BEEERTRINZFEE » (RBE R ERE S o K5 L REH 10N » 568 2 DRDF
BEEAENBERRAIEN o
4. NTERERIBITH

R R EE R » SRR RO T SRERER N (1944) HHIERTER
Misgurnus anguillicaudatus 7 NTHREE » BN HERZ RINUIE » TR - BEREBEKK
BRI (Ringer’s solution) 2 [EEHHILA » B » RERHERBTIENE - THHEERZI »
T ALERG o REB BB ZINEAKS » HEHEHERI0X30 cm 278K SBEENR  » THERE
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BEIRAER60%30%x 30 cm » fifE 3 cm Z KB LR LINTAR (i 200~500 cc/min) Ik o
5. FRMEAE XU ER

SERAREBNMAE :

WBARE : DI9TIELLA 5 B4 AR » Frigit 3 REHFA (lEFH 7.3 mm) 600
RHEAZ o FEKER 65x45%30 cm (EWE 3 cm) ZBRERHREQ4L0°COBIAE o AF
HMB7TIE 1L A 11 HEI9NFE 1 F10H o # EMlftaFHR 600 B » 7 FIaA i 3 MR E ik
AR (AN 200 B) o AEREFE HE - B BOR BB Rb gk (Brachionus) R/NEEBIE
(Copepoda) » (BRIKHELZE » HERREDRIEERIRI » S5 5 REIA DM ST (Jubifex
sp) R > 1 RUBRFES T GRER) o I5R®MI 25g » HE0REWRSATELE
IR (H—aRRMERARNS) RERIREZ o SRR TES g (ERER) » HE&WH
ZHABBERHYMBEEERE o FHEELX » REREB LT 10 BAAE o B KFEER
]. y{ o

@FBAEE « DUOT24E 3 AL3E4T ATIRID » iSO 3 REMFA (BEDY 10.50 mm)
4,500 B L3k Z o FE KM 16.56m? % 0.7m> KBt (EREL0 cm) 2 & o A KA 19724 3 B
0HZES5 A108 o ABMWRERATIRIIETIOR » FLHATE ~ WL ~ KE%M Daphnia (Moina
macrocopa, Bosmina longiroslis) s REREFRFR o MBE—HE 2,500 B (IEBEWNE
50012 ,73.3m?) » —#12,0008 (PERBEHHBA00E,/3.3m?) o B¥il Daphnia RSN » WHFETR
BESNEL s REFERE » FRUEZRBHATRSREBERNBHAEDT - BmBmERk
e o BT : FAHEEA~HTX 3g/33m¥day (UBBERAZRERAE » LTAHRR
5 8 R~#14K Tg/3.3m?¥day ; 85 15 R~ 21 X 15g/3.3m?/day o # 22 REEFRERIERER
ANLEAZBSEHNRAE - RERLEE (30x25x10 cm) » JHRBESE » WANRER
30g/3.3m*day » HEPZE HRBRELMTY » BEHERE o BHEOBRTREESHBEERFE S
A o 1 F MK IR B RBERIIE 1 2K » HHES 18.7~26.0°C o @H KK 1 E A Fib L R4t »
BHLUEKEF ©
6. HREREFLZHE

BERE : 18 LREFHE A » 408 5~T7 ALIEIE (random sampling) 773X » HHEECHR
BlEHE R LRCR H BRBRPBERRLZ 0

£HE  ENRAEARE L BUEATFRE . MENEETARSABEREERY U (BF
RE-HEEHOX 100K -2 0

HRRE
L EIHRGEA

WAE (1962) Z#E » RAZEINERAEENRS 5~6 A » {EREE 5~7 A » TiiER
HEBIEH 2 S REE - RILEWAEEZE L AEREN ~ 2FEERASRIITERE A&
B AR 3 AEEARSFTHEKER RUEHREENTS » SaBlfEmil - BHA -~ BR
BE N3 AES 4 AYERRSRENBELE o

ARBNI9TIEIOF20H ~REELLA 5 HRBAE 3 AI3H~ S5 A 8 HHE - SRS Bibp
FRE  REBREIE » HRHRINML c EEBERRRMATIR » 7TH 3 Ahal TaE
108 Tl » SR » HERZIRRET] o
2. HBFEE

W EAREE BB FERTIR Table 1:
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BIBLEET 4 ¢ (DJEEBESITE S AR B R I TR A D32 BAERREITY » R
ZEEE A Synahorin o [ FREMMM R » ABERAE f~1 8 MEBGHA 1~2 B KRBz 8
SEREL I RE EAURE (1959) FERMATHMRRb2 R AR o s L RIEIE 5K
BB - TRTEE RATIRSD » BSE A PR TR SUHL A S o BRI RS T
B AT o @MI971E Y 3 K ABRHLECK: B AT 551 Synahorin Z BT » BLUE 2 KA
B TRUE A > GEBEMEE ORI TS - TOAIENE » ORHE(RSERR o (8)Hi%E 6 KRB RS 40 »
HRHAEING » FUERESH T KETTT » 12N 20/ NS R RSB AT B A W KSR o (OBE RIS
N SRR B A S TR 2 R - AR 2 o (9)H16e 3 KNBR T A R A T SHEAERE T
B B 1R R R R 2~3 R o
3. S S LR RS

AR AR 2 BAE ~ B0 JORE T B AR B A TSR T o SR bl BRI
S > RHERSEZ RF AT o ARBPIRE 2 KABRAITE I » SRR ~ 24
T o 3 | KRBZ SRERIULEWIE (AR 67.3~68.5% ; 43.0~434%) M » THES
SRIBISRIR R B o FRANKIRIONG » HERZ IESH0E » D2 It IR AR R B o R HEE S
HEHIOEE » HEE AT 80~90% » (ARHLARHRES] 13% L o HIEFEIIT A RIS
S TRERIML R K, pH (8 » EAHLAFRNAAK » 3 pH 9572 8.5~9.5 [ o EHBHER
p s @4 0.L N HCL % 0.1 N NaOH F#ERLA K » RFEAR2 pH i » B17€ pH 4.0 Z 110 5
BPIBLEE S R LR - LR KB o LA BB A2 5I7E pH 4.7~10.3 2 f5mEA -
EAE R o (78 pH RAAS > Hmeaz 2Rtk (Fig. 2) o 82 Bk (pH
8.5) » MULARERT3.0% » TIEGESRLE pH 6.7~7.5 2 §EAIHLERE 85.0% o J{LAA pH
BRI - SRR LRSS o dLIENRRIIRILIK 5 B pH G5 7585
o

YA LA RIRA TR - 1782 7~3.50% 2 1 o

)
o 100
L
— .
<
VY
O
Z
I 50_ 3
)
<
0 | \ \ 1 | [ \ |

Fig. 2. Relationship between pH and hatching rate.
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4. IR GLERA R

SEARBIRAMIEAZ I - TERE RN » FARZINESL FIRERERES » #E kR
Z SNBk A o SN EU RS A LM IR (adhesive demersal egg) » INEE B EBIEK > &
B> SPEE S MRS » BER 1.548mm~1.980mm » SREEHETES - AEEHEE 0476~
0.525mm Z3BW] gel §4 > 0 EBEAIERE » T2 FEACH 2.500~3.035mm » AT EH AL
i ph gel RMBERIREEERH 1.0~2.0mm o

gf‘JZﬁﬁEﬁ;@ » ' RKIEZ 2R BRI o BRI > ABBUKER g/ 19724 3 A14H

CKBHER 19.5~20.7°C) Bl DkFrBEEERERT ¢

SERGHR IR » RR10~355) » JIBLENYTER » R IN 0.1~0.15mm » PP 1.743mm o 555
B 1 /NS 15 SR ER B IOEREN S 24 2 MR ( 2-cell stage) o L/MRE2553 A 4 MR (4-cell
stage) » 7/ (ki 25°C BERZE 4 /NH304) Bl EH (morula stage) o phigEEk (blas-
tomere)#FHE)S o 11~13/ N4 BN A Jr R i(blastula stage) » LRSS S 1.780mm » 15~18
INREEHEAZERRA (gastrula stage) o ZHEHFRII/NKE » D (blastopore) ENFASK » Frfi(embry-
onal) JUBK o 20/ TTIZEEIF 3R (notochord) JEAFRZ 51k » BERHMINERKAS 1.786mm »
A 1.533mm o FRGR455~ LR » PRl rR R B 3 EERED (somite) o 22/)MR3055 R

(optic vesicle) HH » BAEHEL 7 o 28/)igts Kupfler’s vesicle H1E], » B4E7818 o 32/A530 5 4

fa Cauditory vesicle) M, - WETHO4 » REKAMSAINESHE o 36/ NEHERRER (eye bal )Tl » [
4k » AREA (otolith) ¥EL » Kupffer’s vesicle {84 o [EFAUSIEE RS 1.803 mm » £/ E
1.640mm o 52 F5#645/ N DERE R E) B E 4 B Rif&(prosencephalon) ~ #:f%(mesencephalon) »
ZM#% (thombencephalon) ~ BB Aok RE K 3 HEaRA - BREIRA4I~47 i:)lﬂf'ﬂ?iﬁﬁﬁ—‘iﬁj&@@‘eﬂ
£ o MLAZTRERS N BALS » 22 INZEL0~ 12/ MR REsg Lot it o

LA BN L BT ZE RS A 2 B R B SR g A > W% Rt ‘Table 2 » Table 3 X Fig. 30

Table 2. Time needed for hatching at different water temperatures

Water temperature (°C) ( Time needed for hatching (hr)
Range Average ’ Beginning ’ Completion
19.5-20.7 19.8 54 ‘ 65
23.3—264 \ 25.3 l 34 44
!
289-306 30.0 ) 28 35
!
i




Table 3. Development of eggs of Parasilurus asotus

Water E%rggaerature : Time required | Progress of development
|
After fertilization
19.5 | 107-30/ blastoderm formation
| thr 15’ 2-cell stage
thr 25 4-cell stage
Lhr 50 8-cell stage
2hr 15/ 16-cell stage
20.0 7hr morula stage
19.7 11hr-13hr blastula stage
19.7 {5hr-18hr gastrula stage
19.7 19hr embryonal fomation
21hr 3-myotome stage
22hr 30/ optic vesicle formation

7-myotome stage

19.5 28hr appearance of Kupfler’s vesicle

18-myotome stage

19.5 32hr 30/ auditory vesicle formation

24-myotome stage

20.0 | 36hr eye ball formation
otolith formation

brain differentiation
3%r rudiment of pectoral fin
clearly seen

alimentary canal formation

20.7 ! 45hr heart beating
204 } 54hr . hatching







0.

FR DO IO w>

ST

S ,..p"

Fig. 3. Development of eggs of P. asotus.

Blastoderm formation: 50-60 min after fertilization.

2-cell stage: 1 hr 15 min.

4-cell sage: 1 hr 25 min.

8-cell stage: 1 hr 50 min.

16-cell stage: 2 hr 15 min.

Morula stage: 7 hr.

Blastula stage: 11-13 hr.

Gastrula stage: 15-18 hr.

Embryonal formation: 19 hr.

3-myotome stage: 21lhr.

Optic vesicle formation, 7-myotome stage: 22 hr 30 min,
Appearance of Kupfler’s-vesicle auditory vesicle formation: 28 hr to 32 hr 30 min.
Eye ball formation, otolith formation, brain differentiation: 36 hr.
Heart beating: 45 hr.

Immediately before hatching. 53 hr.

5. gEAT R
ZEE IR LR 450 SRR T RUPREZ (LU Fig. 4 #5720

LT BT R

AR Tan
A
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Fig. 4 Larvae of P. asotus.
— 80 —



Newly hatched larva: 6.24 mm in average total length.
45 hr after hatching: 8.32 mm in average total length.
68 hr after hatching: 10.5 mm in average total length.
160 hr after hatching: 16.94 mm in average total length.

MmO aw?

450 hr after hatching: 38.79 mm in average total length.

Mg g (Fig. 4-A) HBEFHE 6.24mm » HEARERIEEE » HEETFHE
2.07mm » FrPIRIH SRR » SRABWIKTT - MIEARAGEE - FESERIES) » RSEHEAE
DB - (EREBEE A 3 Wy FE > FRERIPEMETERAREY - BLEER AR

Bk » BAARERRETNLE » BEFACRKHHEEEN » BEEAAIERAR o

W45 EsRufTF (Fig. 4-B) BEEFH 8.32mm » CHEUEFZLEWHX - RESRARL
B TMEEAARGTHEAREE - BT AR 08~ [ MHE RS o HEEREE KR
PR AT T WO TR - BHIESR - ZRITPMEBREL - IR RREE
nEIMEL > TR 180~570u BB R/DHERB > H—XKWEARE I~THE o FRAAFY
Yot » BEERMEETE BB A o

SRLO8/ s (T (Fig. 4-C) BAEAYY 10.50mm » FERRI64 » SIEEHBIR TS » fefudl
RARHEE TR B R LB BB > SREESTR - HRLRERAEE . B EARBULE
Imm EEEL > 3HEDEE o LRNTROERR 700~1,500 8y Daphnia » —KiE
REFHO~15 [ » SETEEREIARER o

5Bk 160 M EeROfT . (Fig. 4-D) BRFY 16.99mm o WRFRIT BIRRREE R HEL -
Bl ~ e~ BE KRR MAREREME (in ray) » TREFRTEBRERETS - SHEL
BELUEE 2 5f o (BAR(E (LM o

ﬂWt%0¢ﬁ%Fﬁ(Eg4E>%E¢ﬁ38WmmaKW%%ﬁ@iﬁﬂﬂ s RS
iR KEEZHEE SN (segment) » [FRAE GBI EALERS » FRETEEREL2H
%»ﬂ%Zl%éﬁﬂ%@H@ﬂs%E6a0mmﬁt}ﬁ~o
6. BURHEEFE R

ANTHFEBE » AARERETFANRETTE o K LI SARENEER FEAE
G &y Table 4 K& Fig. 50

HNATERYZEETHET3mm » 158 J216.0mm » £ FREI6RE » £5532.70% ;
30A&F 5 36.53mm » A FREO4RE » £ FZ15.671% ; 2EHFE 71.20mm » 325 2.80g » 4

BESTE » £ HEE 14.50% o

FHMAE ERZ B ETYE 10.50mm » BaTEEK 2.8mm > {15 4 T8 29.75mm ; 308
#5 61.20mm » A 7FRE 3,682 B » 725 81.81% ; 2B AHE 96.50mm - AFRE 3021 E -
HHE67.13% o T EHEYE 5 BAEE 2T A > EESEE 71.00mm RZE3TH » BERNEE EH
LHE o MWBE Wﬂﬁﬁﬁ’%ﬁﬂé’ﬁfﬁ%#Z%’mﬁ%ﬁﬁﬁ’EE%@%%&%W
R NFRER ST R RIREIET » S rEiEs - YR RIFE » USERD
FEFEEKEPRRIER o WHERNEEITRRBEA 2 FETEBFREMBAZHK o

B EAAE 2T » FRRPHLELS H 2R A E R AT STRERENER M > /&
VRATET » R EY 70.0mm > $EY 2.5g 2 FREKIEESER o
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Table 4. Relation between total length (mm) and days after hatching

Condition
of Indoors ) Qutdoors
culture
Time after '
hatching i/ 10 15 20 30 50 60 7 10 15 20 30 60
(days)
11.21 15.02 18.24 25.10 38.56 -61.02 71.00( 17.05 29.75 40.57 61.03 88.32 98.01
M :
+0.50 +0.45 +0.70 +-1.50 4+1.16 +1.12 +1.82 || +-0.21 4-0.50 4-0.72 3-0.60 +-0.44 +-0.53
Total length
(mm) ;
g 2.25 2.00 3.11: 543 488 502 5.25 201 353 450 6.55 550 7.55
+0.36 +-0.32 3-0.49 +1.06 +-0.78 =-0.79 +0.83 | +0.43 +0.53 £1.02 £1.35 £1.47 +-1.50
Number of ' . : o
survival 196 94 87 3682 3021
Survival = z
ICH) 32.70. 15.67 14’.30 A 81.81 67.13
Note: M, mean; S, standard deviation.
100

TOTAL LENGTH (MM)

—@—0—: reared indoors

—@-@~ :reared outdoors

| { | ]

75 9 TS 80
DAYS AFTER HATCHING

Fig. 5 Growth of P. asotus larvae.
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1 =

FI9714E10H20H ~ 28 ARIAELILA 5 HRI1972 3 A3 ~ 4 B17A ~ 5 A 8 H » #HNibrhE
P2 G BEAT A TIRINGAER - BT IIRR o

(DB E 225.5~295.2 mm Z#&f - BRAZATSHERNE TER Yo~ 1E GUERIETER
I~2f8) il REEKYERE Yo Bz 0.5%BERR - BIRBIRESRELE

OMESTKBAA L KENF > RIEHHRL2~20/MFAERIBE R B R R IR ©

O ATNIESHRES TR » MH 1 RERZREERRER 2~3E -

@57 pH 4.7~10.3 HIERF SZREHHL - B8 pH 6.7~7.5 » BEAHBLERE o

(B BRI T = AYA 20°C Z54/NE » 25°C 34/ » 30°C 28/ o JE{LEAIRE)
2R SE BB 10~ 12/ o

O LAFRZER30H » HIpR S 2 mR R o

ML RIS 2 ~ 3 B ~ SR BTOBGE RIFEIBRIGIRR o TRUINERLIRER Daphnia
o

OZEARBMENAEINRRAEFEFBRWER » ZAFETEE > 2EASE 71.0mm . T
FAAFERZAIA o 2 BARNEFESREAR 14.50%MENR 67.13% o

X oy

1. Atoda, K. 19350 The larva of the catfish, Parasilurus asotus L. Science Reporter.
Tohoku Imp. Univ., Fourth Ser., Biol., 10(1)

2. AEHETH - 195320 o a vEIEORBERE s HlH > s =vHBORLEYET S
BEBERIER ~ HKSS - 18 o

3. ALREETES ~ I~ AR N FREH - 19570 v o vORTECH T WAL ]

BHORBMORE IREER T T ZE - BAKFEHRIOo

T HBE=ED ~ B ~ KEFEE ~ 1963 o R (4 H AK SRR o RERE GRRD o

i) FHEE ~ 1965 o 3T H A BRI o JkERy () o

FHEHBES » 1962a o SHHE RO —Lo UbHEIBEO F~XDHEOHK I L LZD

AR L OREE > gk 8 (5.6) o

PIEHFEOR BB » 1939 o BIERRUIARE - SE—WHREUE » WERE - FIEHAEIRKRE > ©) o

8. MME AL . 197l o EWETAMANER o

9. WIARKEE » 1943 0 OB L » BEE > Hio
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Preparation of Sex Stimulating Hormone from
Pituitary Glands of Common Carp

Hon-der Lin
Abstract

In the artificial propagation of fish, a mixture of pituitary glands and L. H. hormone
has been used to stimulate maturation and ovulation. There are present in the mixture
large amounts of protein residues together with a small amount of the effective matter.
After the pituitary gland mixture is injected into the body of the fish, there are always
physiological ill effects caused by the function of rejection. The most commonly found
symptoms are allergy, scale-dropping, etc. Before the pituitary hormone becomes effective,
the body is subject to rejection of protein other than its own, resulting in the failure of
artificial ovulation.

This experiment made it possible to extract sex stimulating hormone from pituitary
glands of common carp (Cyprinus carpio Linnaeus) and also to prevent the decomposi-
tion of effective matter (hormone) if pH reduced water was used as a solvent. The
effectiveness of the extract can be maintained for a long time if it is kept in a dry state.
The injection of the hormone into common carp (Cyprinus carpio Linnaeus), silver carp
(Hypophthalmichthys molitrixz Cuvier and Valenciennes), grass carp (Ctenopharyngodon
idellus Cuvier and Valenciennes), ayu (Plecoglossus altivelis Temminck and Schiegel),
freshwater catfish (Clarias fuscus Lacépede) and snakehead (Ophiccephalus tadianus

Lacéptde) was found to be effective in bringing about ovulation.

1 L2

R ATIRUERS » KREEE AR NS TRERBERSZFERERRIEIZ M H
BTRFRTEYBENESRGZA - SEESENERER HEBENENBHREHAREZ R
REEFEAEES REERE - BEREARZENFEMR AERESHS » FUZESHZ QT
THERRABEERH X FEREOEZE » DBOREIRTIEN - EREARERY
% > B TIR BREIETRAJIERRN - ETHRE-

BTRAETREFZBEEARAUGIEEABRAZ S8 » FAEBUBRERR SR R
THRERECEBER » IR R R R - WICIEANAE ~ i A B8 8 HEASR
B RS  BVHERRREERTIE

MoE B A

RERBERFE T TR - DEKERERERAKEE o HRERERIE - 7 HRFETRK
NRER o BABTERATR 2 2% » B Soxlet Extractor pplWEEHIRILHZ I8 » REUEER
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ERIEBETH - 12 pH 4 2 TG 2 BB o WNAMEEL S HiRR Rt 2B B2
M o SHERZ IS SN N BIE - FEA A TR TIR - RERZE R
Z > B ATERRM - HEIERRZ THRATE o

TR R

R — R A 2 R R R S BRI =R - S RIS TR - REIRARREE - B
RRE TR EEAER  mRAWT -

—__ IR w | BHER | BTRZE | MTRZTEER
i ER2iS | Taey 1B ¥ g | o) mg/kg
1970,3.13 “* 26.2 44 0.588 727 278
Y - | 252 72 10.350 72.0 2.97
p Ko 186 90 0207 | 596 321
1971,4.21 % | 127 21 0.605 341 | 271
” . 9.7 43 0.225 35.6 3.70
1971,4.13 * 623 | 8 | 0700 1440 © 230
” N 232 9% 0.241 i 85.5 3.70
=t NG 2 250%DITE » R 1 250~5003 » KB 2 50055 L o 3% FFIRR B TR EERE

Bt BRNASAROES » FREARERIE TRNES  RARATEINIERFH o

iz pH:

RO PRI - AR - IRBRE » SRR (HRAE) Wi oA o
PR R A pH (B2 MUET IS o TR 41 pH 2 REN gk (HBz0Z

Bt . :
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