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FOREWORD

The Rockefeller Foundation approved in 1966 a grant of US$150,000 to sup-
port a fish culture research program in Taiwan for the two-year period 1966-1968.
In 1968 another grant of the same amount was made to continue the work in
the fiscal years 1968-1970. Further continuation of research was made possible
by a third allocation of the same amount for 1970-1972, at the conclusion of
which and upon the request of the Joint Commission on Rural Reconstruction,
the Foundation agreed to finance the program for another year with a terminal
grant of US$25,000 in support of the Tungkang Marine Laboratory. The grant
funds were placed under the administration and supervision of the Chinese-
American Joint Commission on Rural Reconstruction (JCRR), with the Taiwan
Fisheries Research Institute as the Sponsoring Agency to carry out research acti-

vities.

At the beginning of the program, the Taiwan Fisheries Research Institute
had three Stations engaged in fish culture research in specialized fields briefly

enumerated as follows:

Tainan Fish Culture Station—Research in coastal aquaculture, particularly

milkfish, shrimp and Gracilaria
Lukang Fish Culture Station—Research in eel, oyster and tilapia culture

Chupei Fish Culture Station—Research in freshwater fish culture, particularly

Chinese carps, snakehead and the walking catfish.

In the first two vyears of the program, Rockefeller Foundation funds were
allocated, according to actual requirements, to these three Stations for specific
research projects, including salaries for project employees and the procurement

of equipment.

In 1968, funds from the program were earmarked for the construction of the
Tungkang Marine Laboratory, which began functioning in 1969 to become the
fourth fish culture station of the Taiwan Fisheries Research Institute. The work
of the Laboratory centered on the propagation of commercial species of shrimp
and the grey mullet. Important achievements have been made along these lines.
Because of its recent establishment and the fact that most of its research workers
were project employees under this program, the 1972-1973 Rockefeller Foundation

grant was allocated exclusively to the Laboratory.



It should be noted that throughout the seven years during which this program
received financial aid from the Rockefeller Foundation, the Joint Commission on
Rural Reconstruction also provided matching funds in support of the research

work.

From 1969 to 1972, five issues of Reports of Fish Culture Research Supported
by Rockefeller Foundation had been published as JCRR Fisheries Series Nos. 7,
8, 9, 11 and 12. This volume, published as JCRR Fisheries Series No. 15, con-
tains five reports, one from the Tainan Fish Culture Station and four from the

Tungkang Marine Laboratory.

On behalf of the Joint Commission on Rural Reconstruction and the Spon-
soring Agency, the Taiwan Fisheries Research Institute, I wish to express our
appreciation and gratitude to the Rockefeller Foundation for having made it pos-

sible for us to achieve the research results reported in the six volumes.

T. P. Chen
Consultant
Joint Commission on Rural

Reconstruction
November 1973
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Fertility of Male Oyster Gametes after Freeze-Thawing

. Shuh-Wei Hwang and Huei-Pin Chen

Technical development in the application of ultra-low temperature, including
success in preserving the entity of various types of organisms, has given man
better insight into the concerns of life processes. This increased capability will
enable man to till biological resources for his neéds. A good illustration of this
point occurred in the cattle industry. A supply of selected bull semen i vitro has
been made available to cattle breeders for over two decades. Many biologists are
interested in the response to frecziﬂg of spermatozoa of domestic animals such as
pigs, sheep or fowl. In 1971, a semen bank for man was established in New
York (the Idaut Corp.). In the American Type Culture Collection (ATCC),
liquid nitrogen (LN) preservation has been adopted as one of the methods for
the long-term preservation of living cultures of seven kinds of microbes (ATCC
Annual Report). The prevalent fact remains that unicellular organisms have a

better chance of avoiding mortal injury inflicted by the freezing process.

After Blaxter reported 859 fertility for the frozen-thawed herring spermatozoa
(1953), general interest in the preservation of fish sperm was aroused (1972).
However, not until Lannan’s study (1971) was the oyster, Crassostrea gigas, sperm
exposed to -196°C (liquid nitrogen). Our present attempt was to test the response
of oystef sperm to the freezing process in the presence of cryoprotectants. This
will verify the probability of success in the long term preservation of oyster sperm
for the convenience of fish culturists as well as geneticists. When a champion

strain is developed, it will manifest a joint effect on many branches of science.

Shuh-Wei Hwang, The American Type Culture, 12301 Parklawn Drive, Rockville, Maryland 20852,
US.A,

Huei-Pin Chen, Tungkang Marine Laboratory, Taiwan Fisheries Research Institute, Tungkang, Ping-
tung, Taiwan 916.



Materials and Methods

The oysters, Crassostrea gigas, used were obtained directly from a local oyster
farm and held in a concrete tank in the laboratory compound. The experiment
began with the determination of sex when fresh oysters were taken into the
laboratory from the stock tank. The individual was carefully detached from its
shell and determination of sex was made by microscopic examination of a smear
taken from the oyster. The females were temporarily stored in the refrigerator
at 14°C temperature for the fertilization tests of the same series later on.

The males were placed on double layers of dry, clean cheese cloth. With the
sharp edge of a micro-slide, the sperm sac (gonad) was readily split and the milt
collected in a dry 100 ml beaker. Three to four ml of milt were collected from
40-50 fresh oysters.

Cryoprotectants:—Glycerin and dimethyl sulfoxide (DMSO) were the pro-
tectants used. The concentrations were 20, 15, 7.5, 6.6, 5 and 3.3% respectively.

Marine saline was the diluent for the preparation of the various concentrations.

Marine saline formula:—NaCl 1.35g
KC1 0.06g
NaCHO, 0.02¢g
CaCl, 0.025¢
MgCl, 0.035¢
distilled H,O 100.00m!

Freezing:—One half ml or more of milt from the collection was delivered
into a freezing vial (0.d.=20mm x 48mm). An equal quantity of a double strength
solution of the selected protectant was added. After gentle agitation, the final
concentration was reached. With a graduated pipette, an equal amount of this
mixture was distributed among a series of freezing vials. Thus, for each exprim-
ental run, three to five ampules were prepared for each concentration at one time,
each with 0.2 to 0.5 ml per ampule.

The freezing was uniformly done under the condition of extremely fast and
uncontrolled cooling. The cryogen was liquid nitrogen (—~196°C). The ampule
to be frozen was quickly plunged into the cryogen with about 2/3 of the vial
below the liquid level. About a minute later, turbulent boiling subsided. This
signified that the specimen temperature had attained that of the surrounding
cryogen. Thus the sperm cells were frozen and might be kept at —196°C for
some hours until needed for fertilization.

Thawing:—After being taken out from the LN bath, the lower part of the
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ampule was immediately immersed in a 20-24°C water bath and stirred gently.
When the last trace of ice had disappeared, the vial was taken out from the water
bath. Because these vials were not heat sealed, care had to be taken to avoid

water influx.

Insemination:—The females were the oysters previously examined. The col-
lection of eggs was no more different than the collection of sperms. A mass of
about 300 or more eggs was transferred to a 1,000 ml beaker. The contents of a
thawed ampule were emptied onto the egg mass. A small amount of sea water
was first added and gentle agitation might also be applied. Thereafter, the beaker
was filled with sea water. Two or three washings were performed at about 30-

minute intervals. Finally, aeration was supplied to each of these beakers.

This experiment was conducted at room temperature (28-34°C). Exposure
of sperm to liquid nitrogen varied from two to five hours. Slowly rolling fertilized
eggs might be seen with unaided eye. The quantity of fertilized and unfertilized
eggs was determined by counting the rolling and stationary eggs within the same
view under a profile projector (Nikon, Model 6C) about 5-7 hours after insemin-
ation. Sometimes a second count was taken for further confirmation at longer

interval.
Results and Discussion

The fertility of frozen-thawed sperm and other preparations after insemina-
tion with fresh eggs is shown in Table 1. Dimethyl sulfoxide (DMSO) gave
much more effective protection to the subjected cells than did glycerin. Among
the seven concentrations administered, fertility percentage was obviously highest
in the DMSO samples. The best result of 78.98% was obtained from 7.5% con-

centration.

When the protectant was in contact with the milt, the liquid in the vial
appeared somewhat dense. During the insemination operation, at the addition of
sea water, some milky gelatinous substance was found in every beaker. The
amount appeared to be proportional to the concentration and/or the amount of
the protectant. However, this phenomenon was more obvious with the glycerin

samples. In these beakers, turbidity showed up more often and sooner.



Table 1. Effect of Cryoprotectant as Indicated by Fertility of
Frozen-thawed Oyster Sperm

Cryoprotectants No. of Glycerin Zero Dimethyl Sulfoxide (DMSO)
Concentration | Experiments Samples Fertility* | Fertility  No. of | 'Samples| Fertility*
/v J B ‘ Taken Average / 1Exper1ments Taken Average %
202 — — — ‘ 1 4 1834
15% 1 2 028 | 0™ 2 1 8| 687
1095 1 7 00 O 4 | 15 51.03
1.5% | 4 6 1.03 0% 2 7 78.98
6.6% ‘ 1 3 0.49 1 31.27
5.02, 4 13 8.74 0(2) 4 15 '+ 4112
3.39, 3 12 3.88 — ‘ — —
Others:
Sahne Sperm
‘ 3 10 2.29
Sperm, undlluted‘ 4 14 39.48
Control 1 5 11 40.07
(fresh sperm) ’
Control 2 ‘ 4 8 078 0(3)
(egg only) |

* Readings were taken 5-7 hours after insemination
** Number of samples taken

The four additional sets of experiments were aimed at validating the fertility
percentage of the frozen-thawed sperm in the presence of protectants. As indicated,
in the absence of these protectants, the frozen-thawed sperm exhibited 39.49%
fertility. Apparently cryoprotectant was not an absolute necessity for the freezing
of oyster sperm as required by other organisms.

However, when the sperm was suspended in marine saline and frozen, the thawed
sperm had a low fertility (2.29%), less than the best result (8.74%) of glycerin
samples at 5.0% concetration. A 0.78% fertility showed up in control 2 in which
experiments no sperm was used at all. 'This fertility might be from contamina-
tion with sperm. The 40.079% fertility of control 1 (non-freezing sperm) was lower
than some of the results of DMSO samples. One might speculate that DMSO
could be acting as more than just a cryoprotectant. A third control, fertilization
with non-frozen sperm suspended in DMSO, should be performed.

Cryopreserved sperm from our present study exhibited higher fertility than
those from Lannan’s (10.3%, best). Conld it be that “sea water” was the causal
element? In Lannan’s freezing experiment, sea water was the diluent for the
preparation of the DMSO solution. From our observations, sea water induced

motility and activity of the sperm. Thus the vitality of the sperm might have
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been exhausted prior to the freezing process.
Summary

The male oyster gametes exhibited a high degree of resistance to injury in-
flicted by the uncontrolled fast freezing process. Between the two protectants,
DMSO exerted a higher beneficial effect than glycerin upon the subjected cells.
In 7.59 DMSO, the fertility of frozen-thawed sperm was 78.98% while the con-
trol (non-frozen) was 40.07%; the latter was comparable to the undiluted frozen-
thawed sperm (39.48%).
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Study on the Ecosystem in Tainan Canal
BRiak o @ o BB o BRBAE o WM
Chen Hon-Cheng!, Lee Hsiao-Chao?, Liu Chi-Yang?,
Chen Sheng-Hsiang?, Hsieh Ming-Chiang?
Abstract
The population of aquatic organisms and oyster culture area have been greatly
reduced in the Tainan Canal due to pollution by the large amounts of sewage from
Tainan City. It is necessary to study the effect of the pollutants on the aquatic eco-
system—physical, chemical and biological succession and change—in order to ascertain
the water quality criterion for fish culture. The result of the study may also be used
as refereence for pollution control and to help explain the oyster mortality along the
south-western coast of Taiwan. The results of the study are summarized as follows:

1. The study of monthly fluctuations of pH, salinity, COD and BOD concentrations
indicates that the amount and constitution of the sewage is constant, and the ability
of fresh seawater to remove the pollutants is small.

2. The closer to the mouth of the Canal, the higher are the pH, salinity, DO, the
number and kinds of phytoplankton and varieties of zooplankton; while the concen-
trations of silicate, phosphate, ammonium, I, consumption, BOD, COD, bacteria, E.
coli, and the number of zooplankton are just the reverse.

3. The Canal waters can be divided into five sections: (1) around station one is aps:
(2) station 2 to station 4, Bps; (3) station 6 to station 9, ams; (4) station 10 to station
13, fms; and (5) station 14 to station 16, os.

4. There are found 74 species of planktons, belonging to 13 classes. Ciliophora dominate
section ps; Rotifera, station ms; Pennales, Cyanophyceae and Chlorophyceae, section
ms; and Centrales, Crustacea, Gastropoda, Polychaeta and Archiannelida, section os.

5. The abundance of any of the following species at the 16 stations can be used to
determine the extent of pollution: Lembus, Vorticella, Dinobryon, Loxophyllum,
Lionotus, Euplotes, Brachionus, Pleurosigma, Chaetoceros Oscillatoria, Scenedesmus,
Guinardia, Biddulphia, Nitzschia, Setella and Clausocalanus.

6. There are two linear regression relationships: (1) silicate and phosphate and (2)
silicate and ammonium; four curve regression relationships: (1) BOD and COD, (2)
BOD and kinds of plankton, (3) BOD and total number of bacteria, and (4) num-
ber of bacteria and number of E. coli.

7. There are four positive correlations, i.¢. (1)number of phytoplankton and DO, (2)

1. Department of Zoology, National Taiwan University, Taipei, Taiwan
2. Tainan Fish Culture Station, Tainan, Taiwan
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BOD and Ciliophora, (3) ammonium and I, consumption and (4) Ciliophora and
bacteria; four negative correlations, i.e. (1) DO and ammonium, (2) DO and I,
consumption, (3) BOD and diatom and (4) COD and crustacean.

8. The abundance of organic matter and nutrients, and the absence of toxic chemicals
enhance the growth of algae. Therefore, study of the utilization of the sewage has
justification.

9. The general water quality criteria for fish culture should be adjusted as follows:
DO above 5 ppm, pH value between 6.5-9, COD and BOD helow 5 ppm, and am-
monium below 0.6 ppm.

— ~ Al S

RAEAYEEBRENRET » SRy B RBE » BASRNRRE LR
5 » FAEYROE R RE R IR o KL AT — » BRRBEEMAR - HFIOAZHE » A1
HFETEBAR o STER BN TRAZEER » A 0 R8N R & 50T TR BBy (T
HEOK » BEBUKEURERK) BEAHERTENE I ABRER » BEKSENEYRER
KIS o LUKERBRME » XRERKREREME » KGR R ERERREHEYHEE o

ERENR—RIABBRETG AR IH TG RRKE o KhFRYRIEERES » B
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BARBAEAGTREBE KRG 2E » I B B R TEIE oK B 7 SRR R MR ok S A ok v v
HHIEREBIERNRE » PRSI o
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Fig. I. Locations of sampling in Tainan Canal. )
Figures in circles indicate the BOD concentrations.
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Fig. 2. Relationship between BOD concentration and pH value.
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Fig. 3. Relationship between silicate and phosphate.
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Fig. 4. Relationship between silicate and ammonium.
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Fig. 5. Correlation between I, consumption and ammonium.
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Fig. 6. Correlations between (1) DO and ammonium, (2) DO and I, consumption.
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Fig. 7. Relationship between BOD and COD.
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Fig. 8. Opyster Culture area.

X x indicate culture area 10 years ago; « +, 5, years ago; and o o, now.
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Fig. 10. Relationship between BOD and total number of bacteria.
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Fig. 11, Relationship between total number of bacteria and number of E. coli.
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Fig. 12. Relationship between BOD and kinds of plankton species.

— 21 —



Fig. 13. Five different water sections.
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FIHBEGZALHE I
57 2 B B And AR @,

Studies on the Artificial Propagation of
Boleophthalmus chinensis (Osbeck)—I.

Observation on Embryonic Development and Early Larvae®
B—X s MG « §EF o LW

I-Chiu Liao**, Nai-Hsien Chao**, Lei-Chiang Tseng*¥,
and Shang-Ching Kuo*¥*
(Received September 30, 1973)

Mud skipper, Boleophthalmus chinensis (Osbeck) is an edible brackish-water goby.
It is of small size, usually measuring 10-20 cm and weighing 20-50 g, but is tasty. Re-
cently, many fish farmers have started culturing this mud skipper, which are sold to the
restaurants in southwestern Taiwan. Although the price is as high as NT$300/kg, the
demand is increasing steadily.

The season for collecting natural fingerlings of this mud skipper is short, limited to
September and October, and it is difficult to collect large enough quantity of them to
satisfy the demand. For the purpose of large scale commercial farming of mud skipper,
efficient technique for artificial propagation should be developed to help solve the pro-
blem of fingerling supply.

Experiments on the artificial propagation were carried out during the spawning
season of this fish. Successful results of induced breeding and hatching were obtained
in the summers of 1972 and 1973,

~This report includes mainly the results of observations made on the various embryonic
developmental stages and early larvae up to 5-day age. Photographs and line drawings

are used to help clarify the descriptions and comparisons between the various stages.

Rl

SERH » LK BRRBK BB ERUAN TSRSk EY E » SRR AR AE
AERBEREOR Y » FER S SBR  R - A Y A% LEREEERMADRKNE
B o

BRI Boleophthalmus chinensis (Osbeck) » 4 Gobius pectinirostris (Giinther) s
IS4TER > B4 =5 v » 34 Mud skipper g% Jumping fish® ® o £ RSE A TR
{EHJ: » (R EREE B TGS %i‘fﬁﬂmihﬁfkﬁaijﬁ RSN s D(Tiz{irE %%Eﬂdbﬁ%_bﬁ@%ﬁ

* fﬁ%ﬁ}fﬂ)ﬂﬂ?nﬁ%% A-19 ”5‘% (Contrlbutlon A No. 19 from the Tungkang Marine Laboratory)
o R RESRETHEESET (Tungkang Marine Laboratory, Taiwan Fisheries Research Institute).
O ZRAEREEREYEDR (Department of Zeology, College of Science, National Taiwan University).
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SRR (/1N » R o TS BV BUBEE » RS ~ DREIETE LB o 18
RER—AZ IR » DI b o B BILNARZ BN » B RBIRIE » I B RTHH o
S BFEREE  AMARERETIBEE  TORER - AAEEEEI005,/ 4 (811807 /E ) o
SIS A BB S R T E BB RS » AR B BRI AR AR
B~ JUA TSI > MU R RS ST R A RS RN » 52 BN 1
PR Bz » FEERIRRER o R S EEEI BB R » GRS E TREA
S IREE o S o IR BORIESR » Sy N AR » 1~2 cm 2R L5 T o AEER AL
BIERE » BB AT OVER A TSR 8 » IR ke B 7 R » FRVRAE I R B
ZHEHEo

AEWEFREFL19724E 51973
EHF ARG R
WO RO R R PR B
T o AL AT S
& SAEAER » BRI IPARE -
RS FRZEESRAT
A R o

wHBRSE
—~ HB.
KRBT RZ AR ER1972
RIS &~ A LA
wEmTR—% o mxEteR
M R R
3o HARAREAPIRE LT B |

g o GRG0 R RS | ;
FOTH > MHAEMATZAR | E
SEIEE ~ #E (Fig. 1) > &R

BUE 45 4 2 BATVEB - &
AE DZHRAGK » DREBIBH S
L BEE » YHEBBEEHIE
BRZE - mAZ NSRS
Table 1 » — 52 » hAGRA
F (Plate 1-1) 25 #7E10~
20 cm » BAEAE 20~50 g o HEF $

W

K
"

by e S TN
B A R I

GSI & 0.06~0.10 » B GSI

A% » 7 1.58~10.69 R o @
. Fig. 1. Difference of the urogenital papilla of male
= MR R and female mud skipper, Boleophthalmus

o f (R A IR TR R T chinensis.
HRASEEFTE > AR
- RIRB AR 0 BLRIME AR
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Table 1. Measurement of adult mud skipper,
' Boleophthalmus chinensis.

: , ,
S Date Lgﬁtgﬁl 1 Lﬁﬁgé'h : v?gi%%t \(«}rg?gﬁ Gal

June 26, *73. 1930 1541 505 0,038 0.08

[ July 3,°73 14.38 11.63 23.0 0022 | 010

" Aug. 9, *73 14.83 11.83 24.1 0.017 | 0.07

Aug. 27, °T3 1462 11.74 228 0.014 0.06

Sept. 12, °73 14.90 11.89 244 0.020 0.08

Sept. 12, 73 1485 1172 242 0.020 0.08

June 24, *72 14.30 11.71 26.8 0423 1.58

Aug. 4,°72 | 1323 1068 | . 207 2212 10.69

Aug. 1,73 14.56 11.71 234 1424 6.09

? Aug. 1, 73 14.95 11.99 228 1294 | = 5.8

Aug. 22, 73 14.37 11.62 22.7 1.005 443

Sept. 12, 73 1343 | 1076 18.8 0.388 2.06

S TR Synahorm DB R B AERLETH] o BEREAK D REBEYTNE » BT
%~1MMTE%&SAOﬁE%ﬁZSwﬁmm°iﬁlﬂuﬁ4Muﬁﬁ?E%%2ﬁ k]
HEAFTE 3¢t
EMALR ﬁ‘ AL,
| BRI fﬂﬁﬂ-&%w%hu#ﬁm » BREE B 0 BIFES
%WFWZ%’ﬂ#bﬁ¢$ﬁ FHE AR AR - TR  SELAFIBTRAAIGIRE - 2%
0 P SIS S BB W S SRR > LISERZ R » » B AR S B ok (B HR14.91
~18.50%%%) {FIERITE » BAMIRHL o

C SACFAASREL 3 4 B BsE—RPIR RS B (3 B £ R K 5 14.91% ~ 18.50% ~ 21.57% ~
25.08% ~ 28.35%) HOHERKTLERAK » AALBTRAITR o MBS R LI T RSP RAR
X%Mm,@g, W EKERZ55% » AR Nikon Automatic Microflex Model AFM #ifi
HAEPE - » 32 Nikon Profile Pro_]ector Model 6C BRI 2 £ B 1 o
9~ GEIET

B2 SRS BRI RS Z o B AESEUAZ EREE TR « BB » T+
SEHRIN ~ JEVB ~ Bk ~ B3~ WAKRREER Oscillatoria 4545 o £ RISE B SHIEHRERTE
W o ShBRZ BRI ARINEZ 3 £ 8Bif EFRSFER

BRATH

BEHEFEA > b ARLARKRZEINZEE o 7R PR ZEREERFEL  #
BIGERAIBHEE A2 Bk » B/NBARITTAEE AR IR » M MERIESI » 7R > THRE
RESRIE » BT 5508 IS BUARE T —B2 ST o MRS/ AR AOFTINE 2 3846% » ) Table 1
FimZ GSI NEREZ HVRREN & o

Pz B AREE SN RN RS 4 B ERTR - ﬁﬁ%‘-ﬁi/\%l’% v ¥ F‘gﬁiénﬁﬂﬁiﬁﬁﬁ"ﬁ* ’
BRIBLIPRLMGIRE o fHL » BRI R A IS TR BB &S » DB B FESS

.



B AR R RE PR A E IR o

MR » W SR B R A TR /o = 1 (8 » Ik Synahorin 52 10ZEEA7ZED
BR®% » WRFRAEBSE—BITHE—¢» SZRITHE S S H KD T RIRFIRIBERE o 2
S5 B S SR O T T 2 T B T R 1 S (P e AR R B+ JUIBBRR R BRI T ¥k o 3L » B BRI
ERZABAEKERAVKEEEKREIERPNIERSBREE—P 2R

P RE L FIRIEER I SR R RIEFIBESIE » RRSEE R EHERR o RAIIBRIY

(Fig. 2-1, Plate 1-2) » JRRAE 0.5~0.6 mm 745 » JIEBRE S » HAHEF LB » fLIRTEH

IAHIE 222, o IR —ImER —#RGAR (adhesive filament) » WIRSHAYEG L » FRIBULE
B EIR o AZ ZIVHHOTEL~38RL » BHEARE—REIEL - BRABRDIVRAEER » #3H]
ZHUHERID o FERFTEIDRIANGF » ANEESERE o BONAEEIT BB BR TN TR UL T RIS AT - K2R
AR o MESBEERAZEN » AFEREETIHELZ I o

HfZ 0 SEREKURE107 > ENRUEEZ it (blastoderm) » SUBEBRIVEEER 5 BRGAHE > I

Table 2. Embryonic development of mxud skipper,
Boleophthalmus chinensis.

Developmental stage : giﬁeizitffgﬁ iW.T. °C

Enlargement of blastoderm, seperation of yolk and egg 10 min 28.5

membrane |
2-cell stage ‘ 50 min
4-cell stage 1 hr 10 min
8-cell stage 1 hr 30 min
16-cell stage \ 1 hr 50 min |
32-cell stage | 2 hr 20 min
Morula stage ' 4 hr 30 min =~ 287
Blastula stage 6 hr
Gastrula itage ! 8 hr 10 min 294
Blastopore closure 10 hr 30 min
Embryonic formation 10 hr 55 min 28.8
5-somite stage 11 hr 45 min 28.2
Kupffer’s vesicle, formation of eye vesicles and fin fold, 15 hr 56 min

12-somite 1
Tail free from yolk sac 17 hr 40 min
20-somite stage, optic vesicle, movable embryo 18 hr 50 min 27.9
Formation of eye lens, choroid fissure and otoliths 20 hr 40 min
34-somite stage, heart beating 22 br 40 min | 28.2
Circulation of tissue fluid 24 hr 28 min | 279
Formation of digestive tube and urinary vesicle " 44 br 40 min ‘ 28.1
Formation of melanephores on embryo and yolk sac 50 hr 35 min | 28.7
Appearance of pectoral fln, formation of one to two large 58 hr 20 min

oil globules |
Appearance of air bladder, active motion of embryo | 64 hr 40 min
Hatching | 65hr 50 min 279
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HRESEERE » TEERHE 1.05 mm » E&H58 0.6 mm (Fig. 2-2, Plate 1-3) o

TEKE 27.9~29.4°C s B 14.91~1850% BRFUFESITRZT » WAZZRHIZINAELE
(embryonic development) % WBEFiin Table 2 )% Figs. 2 & 3 #1 Plates 1, 2 & 3 0 45
502y » SRBHIASS —K MRS 2 » T M (Fig. 2-3, Plate 1-4) » Bi® 20 4 » {788 K
SRR (Fig. 2-4, Plate 1-5) » JbAE#R205 » BIfT—RO B » TRRERE 2 PReL20%5
ENE=+#ReH (Fig. 2-7, Plate 1-8) o JLIRTREMMII 52 K/ sl (yolk-cytoplasma ratio)
HB3: 20

ZXE 4 /N 30 SENFEAREL (morula stage) » AT MR 2 R 5 1 4
(Fig. 2-9, Plate 2-2) » ¥4k 6 /B ENEZ iRl (blastula stage)(Fig. 2-10, Plate 2-3) » 8/\EE3L
10558 A ZERREA (gastrula stage) (Fig. 2-12, Plate 2-5) o 10/\8 3043 /245 » J& A (blastopore)
BRES (Fig. 3-1, Plate 2-6) » 10/nge55 5 frisw Rgpt (Fig. 3-2 Plate 2-8) » 1L/Ni455E
B Z B R RZ At » oM BB HAAE » £ 5 880 (S-somite stage) (Fig. 3-3) o

B s HEEREEEE o IREEARIER R » EREL5/NRE 56 4 0 Kupfler's vesicle HiB1 »
fa (eye vesicle) RKfE#E (fin fold) ZREfRHE (Fig. 3-4, Plate 3-2) » BAEIE(TIEELL » B
BA R HEBAINTE o 18/R50 5 BRENI =20 » RERMSAEIES) - MK E-HR (optic vesicle) "# (Fig.
3-5, Plate 3-4) o 20/)\NEp40 53 HRER (lens) #0 choroid fissure [IREE (otoliths) B (Fig.
3-6, Plates 3-5 & 3-6) o 22/\Ep40 - BBEN RS » 4534 » DWBIMAHESE (Fig. 3-7, Plate 3-5) 0
24/ 28 S BB 2 BB BLR o TEAVPRA0S » B LEE X PFLIE B (Fig. 3-9) o 50Nk
355 s e EWB RIS - (Fig. 3-10, Plate 4-1) o 58 /\Nig 20 75 » fagg (pectoral fin)
REAEE > Bk /MR E PR S L ~2E Rk aiEk (Fig. 3-11) o 64/)\k3405 4 (air blad-
der) BER (Fig. 3-12, Plate 4-1) > REPHEMEERINZ EHEE) o Kk » FETIE65/NRFIL
505> » BRLAEEENR(L (Plate 4-3) o SLPTSRRBIEAKE » BATHTAER » —BAE65 /M50
rEE86/NRFLS 732 [EIEBHY o

BIREZHED o REBENEEIE EFINR S FINZ 5 o BIERRR AT R IS M a4
K ZmBERLEREI ;s Kz » EHMENEREEZ A—mEBYT I » MRELE - ¥ -8Bz 5%E
SR RPN E KR » BNE RIS % » KA %R E o ik ERES A2 ZRIIRE T
PEIHAR  KPLUBERHERBR » HIE ~ ¥ BLEA—F » HBIEEINSHRIBETI0 » B
M-I AIEFE I » S HBIIREE 2 R RO L ARR R E » Hit > IF ~ @Iz thas
BE BB AT E — ¥ Periophthalmus cantonensis® —E{LIEAREIENEZE o

IR LR IR ARRREE - BB » HEAB E 2 £ R 71 4 Table 3+ TFig. 4 pIX%
Plate 4o

WEHISE —RAME & (Fig. 4-1, Plate 4-4) - BEHBOER2 s BEARY o THERE 2.664
mm » JIFER 0.36 mm » JHERE 0.14 mm o ERIBZEF cleithrum 2 B o S5 —KFEZ R » JF
RoZiEBH o

IEH KRR (Fig. 4-2, Plate 4-5) BHIARY TUTKGIE ~ BB RIS AMAEE o Ry
2 F 2.830 mm » JiE& 0.33 mm > {HERE 0.14 mm o

MHEBRB=X» AFB2RE 2770 mm - KEEE T RER/D » IR 0.28 mm » {HERE
0.14 mm (Fig. 4-3, Plate 4-6) o fi#t T2 RIS AT ~ HIBISIN L RAER B - HAED
fRE » (HE S AP B AT 3 o

BURMER » Pig2RE 2.888 mm > JIREIEFAL » MIHEREH » MHEE 0.08 mm »



Table 3. Development of early larvae of mud skipper,

Boleophthalmus chinensis.

Developmental stage

Time ater
fertilization

l
i

- W.T. °C

Ist day larva
24 somites
total length=2.664 mm
yolk diameter=0.36 mm
oil globule dia.=0.14 mm
appearance of cleithrum
mouth opens
2nd day larva
24 somites
total length=2.830 mm
yolk dia.=0.33 mm
oil globule dia.=0.14 mm
formation of melanophores on abdomen
3rd day larva
total length=2.770 mm
yolk dia.=0.28 mm
oil globule dia.=0.14 mm
4th day larva
total length=2.888 mm
oil globule dia.=0.08 mm
disappearance of yolk sac
appearance of liver and fin ray
5th day larva
total length=2.850 mm

oil globule dia.=0.078 mm

68 hr 10 min

82 hr 35 min

104 hr 55 min

129 hr 20 min

152 hr 10 min

i
i

280

20.1

291

28.6

29.0

Data of each total length, yolk diameter, and oil globule diameter are average of measurements

of 12 samples.

BB T B (Fig. 4-4, Plate 4-7) o B#9% RIFRELZIRE) (17 B 430 RATE Rz B0k

HEhftEe

8 FAAISR B 2.850 mm » JEREC 0.078 mm o 8 B I 5 b B 8l (Fig. 45,

Plate 4-8) o

LT 5 KR R R R THEREE 2 > IR IREE » TIERR AR

TRME » BREGBRZE—PRA o

] E

AEAFEENERR AT HAAMEL — RSS2 — » RRLIOTERIODBEEFFTER

Bk B rbol RSP ER A R LA A R R R R B R TR o

LRz IR 0.5~0.6 mm » SRR S  HAHD LML » IR Z —inBA —#Eh
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B RBULERE MDD o

2. ZYEBARR105 4% » SIEERINEEEN D BRMGHE o IR BEBERIR - THREWR 1.05
mm > E&HS 0.6 mmo .

3.4EKB 27.9~29.4°C » BE/314.91~18.50% R FLFESITRZT » SABHIUR 5075 ENpAmLS
— RIS o WRAHRI205 » F—RSZ o TRBANELI05 EEAREL » 6/ NRFEIRE IR
B0 8 /NEFSL104 5 ABERR A » LL/NRR45 /738 5 HAERH o it £ 3T RN B IERS R A WIR R o
22/ NEE R A0S B ENEGEIR » 5234 » DEBIGEE) » 24/ N8 BEBRZ ERBA - RIEn
R » 445405 > WAL RBHIEFLIER » 50/NE355 tu RIRBIBLR IR R I FEFE L= » 58/)Mk520
SR IRE I » 64/ 405 FETU IR » etk » IR RE65/ NS 5055 BrsARE FEIRL o

4. 2 RSVE TEH INEY T O8> B » (BN H IR ATRA R RREURL

S Az L ATERRR » AR ~ BA > RETARTER » —BAE65/NR505 2 86/MRF15 72
RIS o

6. 9B — KM R » HBBSHEHERARE > 524 THERE 2.664 mm » JIFEK 0.36
mm > JHERE 0.14 mmo

TIBHE =K D BERE-FHEREES 2.830 mm » FEAKAE 2.850 mm » FIETTRIAK ©

8. AR HE AT FEB YA » SR IREE T2 My SE D R R E B R B R ©

B B

FRBAFEERBEN BEFTR AL RAGFEEERMER  BEGREARANBEMG TR
Rz BB B FTRSAMARBEER N » 2 BRAREYERRREVARERE
HEBBRTHRBITIF » FEEREE > DUREHE o

Bt EERSRUBE —RHRKES - BESREN SR TREMWZ HRREK o

2 £ X B

. BEERRKE (1964) o RO LIBERT » REENE » HE > p. 8460
. TER - KB (1962) o [EREMEFE » EAKE » £ 2381 » 9~110
3. bHREneE  EEER - ZHES (1972) o e v oA R JIUHFORTE » RIFK
BKESRFIEHE o« 553355 » 49~620

&
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Fig. 2. Development of fertilized egg

2—1  Unfertilized egg. 2—-7  32-cell stage.

2—2  TFertilized egg before cleavage. 2—8  128-cell stage.

2—3  2-cell stage. 2—9 Morula stage.

2—4  4-cell stage. 2—10 Early blastula stage.
2—5  8-cell stage. 2—11 Late blastula stage.
2—6  16-cell stage. 2—12 Gastrula stage.
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Fig. 3. Development of embryo

Closure of blastopore.

Formation of embryo.

5-somite stage, T o

12-somitestage, formation of eye vesicles”and*fin fold.
20-somite stage, formation of optic vesicle.
Formation jof lens, choroid fissure and otoliths.
34-somite stage, heart appears.

Increase_of body length with tail attaching to head.
Formation of digestive tube and urinary vesicle.

3—-10 Melanophores on embryo and yolk sac.
3—11 Pectoral fins appear.
3—12 Formation of air bladder.

—_— 37 —



Fig. 4. Development of early larva

2.75 mm in total length, 1st day after hatching, cleithrum appears.

2.84 mm in total length, 2nd day after hatching.

2.81 mm in total length, 3rd day after hatching.

2.95 mm in total length, 4th day after hatching, liver and fin ray appear.
3.04 mm in total length, 5th day after hatching.
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Plate 1

Adult mud skipper.
Unfertilized eggs.

Fertilized egg before cleavage.
2-cell stage.

*1-5
1—6
1—7
1—8

4-cell stage.
8-cell stage.
16-cell stage.
32-cell stage.



128-cell stage.
Morula stage.

Early blastula stage.
Late blastula stage.

wt

19 o 19 o

Plate 2
Early gastrula stage.

—6 Middle gastrula stage, closure of blastopore.
—7 Late gastrula stage.
—8 Formation of embryo.

— 40



3—i
32
=
3—4

10-somite stage.

Formation of eye vesicle and fin fold.
l6-somite stage, tail free fromyolk
sac.

Formation of optic vesicle.

Formation of lens and heart.
Formation of otoliths.
Differentiation of brain.

Increase of body length with tail
attaching to head.



Formation of one large oil globule and 4—
dectoral fin, also melanophores on eyes. 4—
Immediately before hatching, one has

Ist day larva.

Ind day larva.
3rd day larva.
4th day larva.
5th day larva.
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Studies on Electric Shrimp Fishing—I.
Effect of Electric Shrimp Fishing on Shrimp Population®

CEE e K « B—A
Lei-Chiang Tseng**, Chuang-Ti Chueh***, and I-Chiu Liao*#*

Abstract

Electric shrimp fishing in Taiwan has a short history of about 10 years, but the rate
of expansion has been very rapid, especially since 1969. The number of vessels equipped
for electric.shrimping has increased from less than a dozen in 1962 to over 2,000 in 1973;
horsepower of vessels has increased from 4 hp to 120 hp, and the power of the alternating
current generator used from 2.8 kw to 40 kw. This rapid development and a possible
further expansion of this new type of shrimping prompted the initiation of the present
studies to find out the possible effects of electric shrimping on the shrimp resources.
Experiments on the effects of the various intensities of DC, AC, OC and PC (pulsed
direct current) on the life and habits of the various stages of growth of shrimps were
conducted and the results obtained are summarized as follows:

1. Gravid females (Penaeus japonicus) *

a. Subjected to:

Type of current—DC and OC
Intensity of current—3A
Duration—1-3 seconds

b. Results:

No bharmful effects observed; spawning normal; 5 out of 6 treated specimens
spawned, number of eggs spawned and hatching rate all normal; survival rates
of 1st stage nauplii reared to 3rd mysis stage same as th?se of normal hatchery
specimens.

2. Eggs (P. japonicus, P.monodon, P. penicillatus) and nauplii (P. japonicus, P. monodon):
No harmful effects observed on specimens subjected to 3A electric intensity and
within a duration of 4 seconds.

3. Zoea, mysis, post-larva, juvenile (P. japonicus):

No harmful effects observed on specimens subjected to DC, AC, OC, PC, within an.

* FREDEFTRTSHEA—20% (Contribution A No. 20 from the Tungkang Marine Laboratory) » Z
BEZBHFRIDBESA1LE » EFIRREEMHERE @RS SR ELBHTHERE o
R KESNERFTR#ESET (Tungkang Marine Laboratory, Taiwan Fisheries Research Institute)
o hEERERB AT E @3 (Fisheries Division, Joint Commission on Rural Reconstruction)
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intensity of 3A and a duration of 5 seconds.

4. Adult shrimp (Metapenaeus monoceros), body length 7.6-9.5 cm:

Able to recover from shock and paralysis when subjected to electric stimulation of
(1) not more than 4A intensity and 5-second duration, or (2) intensity increased to
as high as 15A but duration reduced to 1 second.

5. Substance produced around electrodes of DC:

When DC is used, substances such as Cl,, CuCl, CuCl, and Cu(OH), are found
around the electrodes. These products, especially CuCl, are harmful to eggs and
larvae. Fortunately, because of economic reasons the use of DC has been discontinued.

6. It was found that to maintain similar electric intensity, the AC and DC type of
shrimping gear required the largest amount of electricity, PC type next and OC type
the least, and is therefore recommended for future use.

7. The amount of electric stimulation received by the shrimps (and fish also) is pro-
portional to its size; small shrimps receive smaller amount and thus less affected than
the larger ones, while eggs and larvae because of their small size are the least affect-
ed. About 4-5 v of electricity is enough to force shrimps to jump out of the sand
bed, but has extremely little effect on eggs and larvae. Fishing with properly con-
trolled voltage would be possible to catch mostly large specimens and leave small
ones behind to grow and replenish the stock.

8. Basing on the results obtained, it seems unlikely that electric shrimping would pro-
duce harmful effect on the shrimp resource, provided that the electronic oscillatory
type of gear is used within the safety limit of 3A intensity and duration of 4 seconds.
However, this type of fishing has very high efficiency, therefore the number of fish-
ing vessels should be limited to avoid over-fishing and depletion of resource.

VA

I

i

“TERUBIRML" (electric shrimp fishing) HEARDH-TREZER » AlEAFHEZER
ARER=EZHE o Bkl S HETPIARDERRREE - —E S L6 ERRRERREE
AYFRZ IR RABANE S » BAIEE B B > 0RT) A— B BRI A Z T HRT—RUR
BB 6V (R4 ZERBAM » BREEERE » TEMERE - WBUBIREEI (oscillatory
current) » FERFEEED » EREARS > Bl » FIRIRSERZIRE TR (vibrator type
shrimp gear) FErhYi—H T EMIEBETIRA o

HREERRIRIR TR R « ERE - A SIS » SREOOR AR NIEN=E2KE
REHEEAITESE o (B BBERBREER » XERKEFRZRE R REEEL) » RERHIRR
TR IS DEBIMESE > BRBEBERRE o B4 H 4 hp Bz 30 hp » 2 EZEEE R
FEZ K » BORTL-TVEEEM R ANEESR > ME R ERRERZ N » RS ESikE s g
BEREWARTAZIRZEERS NI~ MMRRULEEREEE - WEEYEMAS
—TRIBORRIR - ToERBCRER - [ IR TBAREREME » TR MBRBEAMIEZ 5k » BRmKE
BiEY o | Bl MERMBT » BVREL - ZRMERREBHUE > XeRAMARRE
e R S AR BB R AT » AR BEEIEE » BEEER AE  T 4 YR A T TR L
s SR B R 2 U RAB R SRR BREPE PN -HRR AR o B EEdREaE T 51
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HARERZER o BT A —fRRZ AR  EERIRRESRE P ERE R 4T
MBARIESE » R > AR —H » FCABRVING ~ H0E - MRS IR (3RS b AR o
H a2 TR G2 R R AR o MR RBRCE= 120 hp XA
NG Wk 2.8 kw BE 40 kw HERPEREZR o

SR b FEEE - EESTEREERBBREZ R ARG RS REE
SMERIR B ERARE o

H OH B K &
— ~ .97 &4 (Gravid female) :

EfRRR 17~18cm » 7RIGHHE 120 g 2 BEABEEIE o A 50x27x22 cm Z BB K » K
PREREEK 0.2 mms £ 6 cm ZRHEBER  MEEZ HEES 40 cm » KBS 3126
% » FERERE FHEE R EARE » DEHRE 3 A (L5 ZHEK®E (direct current) WAH
% (alternating current) B#; » {f FIEN BRI » FLUEREBE0S ton > R BB
KA BRI R LA ST o

=99 (Bgg) » 84 & (Nauplius) ~ 1418 (Zoca) RMUEMH A (Mysis) :

B Z SN EE S EAGE 1~2 hr Z BRERIE ~ KT RURANRUESD 5 AREighsa08 FIBE AR A a5k
ZEHRMAREIEZ E=H 5 AR RO sk RIS 0F FIBE AR & i 2 s — 1 o EEGRTE
1000 cc BEFFrREEST » ARRERIEK 600 co o i AIRERTZER 1.6 mm > & 9.5 cm ZHERE
B - WBAE 2 om o REFMENRHEL AR » MT4ETFBE 2 BNEESE » SLARFHE
Ko BRGABRA B ERE > QLT VB SR 2 K s 885 2 WK B8 B K IBARLMER
ZINB A JASh BRI Forhs o HAEBIZE 48 hro

=~ #IR% & (Post larva) B 438 (Juvenile) :

MR EL Ol ISR . Py (BB INLIEREE —RE) B Poy (B HISME —HKE) o H
SRRUGE RS R 2.2~3.0 cm ZEEENIR o BB ERTE 3000 cc 2 BEARARiELT » HPBERK 1000 cco
T Py (ROTFITERLID ~ SEERLHSRSERFFTOE 2 32008 BN ARMKRPTT ZEK L6 mm» & 9.5 cm
ZHSRRER » WEHE 2 cm; BRy Py BHHIEEE - BIFAER 2.0 mm > & 15.5 cm 23R
MRER » MBI TLIALT » HIEHER 2 cmo

w3 ~ K3 (Adult prawn) :

ERRER 7.6~9.5 cm X » BERREMDIBERAR 53 cm 2 @WBEG » HEBE+
M — TR > M 90° LR (Plate 1) » EEEBBEUAEIFRBEZ B HEBA
0.5 ton EIRWBKFE » BIZRHERETRREHELEZE 24 hro

HERAMZ BN EITERERA 12V ~ 120 A/hr (L850 2E "M (Plate 2) 5 225 % Al
ZETENLFEIEZLII0V ~ 60GAEF )2 FKEEFATE » B H #:08 BE 25 (self coupling transformer)
(Plate 3) %% ; IREYBHLRLL 12V 5 120 A/hr FRMBEE - IREHT (vibrator) ffas
(Plate 4) » ARENFE (pulsed direct current) fRLVZEFEE AT Z 110V ~ 603583 5 EE
EHER > RIREERAELS (pulsed direct current generator) ft#s (Plate 5) o

B REREEER » NRWKFEELEZ T ek W5 B EETBREE » YRE
RHE TS —(EET B4 WeR - & BAMRILARKSE A4 SRR R » SRbKkpRE » &
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Explanation of Plate

The PVC pipe used in the electric stimulation of adult prawn.

Battery of 12 V and 120 A/hr.

Self coupling transformer of 110-220V/0~280V,

Vibrator.

Pulsed direct current generator.
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o T U B R R AR AL AL FE T B T R T R 4% RV » — A0 Rl RY Kb HRE
RITF ¢

2NaCl —> 2Na*+2C1-
2Na* +2e~ —> 2Na
2Na+2H.0 , 2HAOH+H, §

535
2Cl-—2e- —> ClL, 1

[»n
Estu i 0 AR PR AR FS TR ARG 22 15 1S o (1L » —RUTR Sl i O PR SRR R AR © DISRERT
’rﬂﬂ% Riema it Ee - BRERIEERRE BB BERPURSRIE A A B
Bz F s (CuCly) » BT LSRR EBA B SEULENTER] » A REERR B IR Z S bR
[Cu(OH).] Mg LB » KR A4 B R R AR 7 2 B3 ez ®CIER (CuCl) &
wing 2 RACEESRUL R » HRERT ¢

2NaCl —> 2Na*+2Cl-
2Nat+2e- —> 2Na
2Na+2H,0O —-> 2NaOH+H,
f i

201~ —2e~ — Cl,

+Cu >uuCi3
CuCl;+2NaOH —» 2NaCl+Cu(OH),
2Cu+Cl. —3 2CuCl

# R 82 & &

—~HTHPE
LA IR E R R

PRGNS Y IR R T4 R 2 R O > AN HAEIREK ~ AL A% 4 71 40 Table 1 o 4
Table 1 Bir » LB B RER » BIHELL 3A » H 1~3 sec s {iFL 6 RBEETIRZ I8
THBARER T — B AEIIS » Hfh 5 R ETE W A IR » LS B3 68.1~90.0% » TMEF LK
RIMBRZ B » DA — AL OB TR Z LA » B170~90%" PR LT o SLEs M
SERI2RZ SEERS My (B a0 » il N CE—HRELhaE) 2 M, 23S
1%29.5~71.29% o — Ry K RHHIR WM 2 I 1738 No~N,y CGERAHIMELER) 13 90% » Z, (FE—1
IR%hak) ~Z; CE=MRGRR) 1530~502% » M. (35— IR HIShER) ~M,75709% 2 » R »
TEEER I RE » RS o

B AIEE I A AR R IR R R TS BT 2 W AR - KT AR B T
Z R AR SR R R Al o SN Table 1 BT » BHEHIIRMRASR » BEINRREE 83.3% o iy
AT T 2 RS Rk T R N DR R T T ST R B 0 (B No~M, 2 iRfERR
N 29.5~71.2 % » AIMTEEF 2 BIRNE REAZ B BRI (R IR LA FRR o —ik
P EBEATIR . K R SR AR B IDAS RS » 4 B LIV — D B R S SR HE A U 2 BRI ER ©
2 SRSREE R BRI AR

O 25 RR AN R SR 22 TR T RO 2 B AR ~ KLJRIR R Mz 50 - A 1000 ce ZBEHFRILT
PAFESHTR > 7 12~13 hr ZHESHMHLIIY » SRR 710 Table 2 o fTable 2 w40 » AR
NEBRBERESE A MERMILESE 5 sec i HMHLAEEZNA » EHBREZTZE

47 —



B BIRIETRRZE o — KR BIURE 3A » WS 4 sec ZHBEAZBRLITESESE
PR > B B EE S RN » ARFS %2R o
34RETGh RS R

R ECEE R R JEIhEL « ) DIDERORE 3A X ARBIKBEEZ M8 Table 3 ¢
fin Table 3 Fir » BV AETRARGE 4 sec DL ERACHRA: 5 sec B » TR A 4 sk (oA B B8
S o IRBYR G SRB) B AETBHORE 3A » WEUERIAE 5 sec 2 NS R » LUEAS L o
4. IRSh RSB ELZ B4R ¢

LIBHREE 3A 2 ARBH » BIEEis Rehs2 4 » 5140 Table 4 » g Table 4 741
BWORE 3A o WAKERT 5 sec 2N BT ~ ZEUE RIS G SR B 5t 2 BRI iR g
im0
5. RN AL BB TR A BR IR -

LABTERE 3A ZREEBH » BaRstai iz Msh 22 4 » 7l Table 50 gy Table 5
ABEBERAE 5 sec 2 » BIIRE 3A 2T » EIRE ~ 2200 W RIS BT 5 SRR B 7 5 S 30
ShE R R o
6. 7% H%h S > BR6R

HHEERIR S & g 2% DUBHERE 3A 2 TARABMEHZ RS Table 6 o gy Table 6 7)
51 BIAE 3A > BWHASRIFE 5 sec 2N HIE » AW B RIRB) TR SR BB I B % #ok
BB o
7. IR PR ¢

DVBHERE 3A ZRREH » WSR2 Y% » 71 Table 70 g Table 7 w4 » 71
BIRIRE A BENGMIAR 5 sec ZHEERA » DIERE » 2550 K< BT ST oK B) 7 P ORI
R o
8. MRS TE a2 B AR ¢

EARRRE B2 IR R > [ ARRBRE 2 ZHE (G608 » LUK E B R MR Ry
2 4% 7fn Table 8o 1 Table 8 AR » WIRZHEE 7.6~9.5 cm ZHFEA » BRI IE
E 5 secr NEBMMETR 4A 2 A » BINEHEAS — BRI EHE o 4158 » B
BRI SA IF o WAEAFRIMEMIEE 4 sec» WIRAREIET » IBRMEBHEESR 10A > REMER]
TSR 2 secr JREEE o (1L » WAUERIFE 1 sec 2 IR » TEHIHAEERE S 15A 5 757 1 min
36 sec 246 0 BN AR ARABEIG o (R TTAL  IIEE I BREA » BIORE AR 4A » BN
IR 5 sec BUBMMERIRE 15A » BEEGHHER 1 sec 2R UIRL 2R o 758 »
EEBIEEN » RATHERZBBNASEEAZAR » WITHEZ ZafE R TR o H7 & AR
B T2 N Z2HE » AR 4G BEUER o

R RERATS 2 iR £ 2B » Fiiz 50k 4 Pighir 28R » AERK o

Ga bR RME LR EHRY » I HERE ~ TR IRBEINSIRE R - WHRE
7 3A LUT o BEIGRZE 4 sec 2R AIEIIZ ML BRI B ER 0 QUERRPE o ER
MR h 7% » N IAh 5 ~ R HALh SR R FE IR 2 G 1F » TR A (A ATHER 5 sec o f > IRAE KR RATERZ
ZREBEMEEZ T HRIELY » ARRZBIHWE T » BMERIETRTZEBMER  BRKE
SRS AR DI TS R 2 T /ML R R )y o — i (IR B D B 2 R IR Y
B 4~5VORIT o HEAIIRL 6 filEHEZ 4 % #i2 & n Table 9 i » Jtep 4 BRIEARZ Py
Z2HEERES 3.14~5.70 con> s A 8 R 0 £ LIRBSEE S o MAERERR® ST
BB E o
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AR BE

R IEOE FIE BB 2 Y o
LK 8 RN 2 (L ~ & WIS R MRS 17 2 B

K E BB AT IR A ~ & WIS B R RIS A2 4B » Fiin Table 10 o SR AL
K » T K » A4S RER - 4 Table 10 fir » BEUREBEASBR X RS » G82
0.5 ppm i 4EHT Shk & IR 4h 82 1% 1198855 » BB — K » TR » TREIR TS o &
B3 0.7 ppm B5ARLHEREITE o 3 1 ppm K » MR ILHERIRTE o ID 2 IRMbAS R A5 & B 2 1
FEHRE > S8 0.5 ppm BHRLEEMES0%.2 T » S8 2 ppm KIREIREEIAL o £ 115
MR G RE 2 ppm REBOE o HEMRAIR & B 3 ppm FEIEo — ik LE AR 0.5 ppm s
ARSEERER o
2. CuCl 50,2 0L ~ & %05k BRI 172 B

CuCl SIS0 B4 ~ 4 W14h R AL RIS 2 FEUB 77,2 4% » %ln Table 110

CuCl HES R4 Wishi s HER RS - 11 Table 11 Fiz » 48 0.2 ppm - §855E]
THEMHL » & IShBRARERBIEAT o HEBURPU N - (AR RS 2 ppm BUARCHSK « 48T
5 ppm B o HIEHAREREES50% o
3. CuCly 5532 L ~ 4 J015h 8k S HEMEE A7 2 S

CuCl, $EE IR LA ~ & H%hak Ik FREE 2 HEBUE 17 2 848 » §#n Table 12 o #n Table 12
e » CuCly, SHEIR ~ £ b B RHEE © 8 H S CuCl 356 » WHHE S B 5 ppm L)
PR AT » (ABMEET SRR R B RIS R 0.2 ppm BIEEETE o
4. Cu(OH), $HEIR 2L ~ 4 1% ik ROHERR G 17,2 B

Cu(OH), #Eis i (LAs » 4 WihEk RAL RIS MG 2 4 » %) 0 Table 130 Cu
(OH). ZitfE4e 5 ppm 27 » i Table 13 5 » SR WHCRMBEE 2 G s o
AT ~ MRS R UISh 2 Rk ish B 2 s R CuCl % CuCly %35 o

0 FHIE B RS b 1,2 R ~ CuCl ~ CuCly % Cu(OH), 4 (574 IS B A > &5 -
A3 EEAUHK » gt bIRIE 0 B BAMERZ AU IRERE R A L
1.5 Kts 848 » f@ /@b s ARE » TABRRRTES » R LRSBRE 2 45 » fhinTables
10,11, 12 & 13 jfim 2 & » CuCl ~ CuCl, B Cu(OH,) “%JUff » & B R0 22 faElEm »
{EL LS A B B A o (IR (PR 000 S ATAB B o T A B T PR PR M b » 8 e
BRI AR B o (1 R EETE B AR R AL 24 D R BRI o M A B ]
TLEHEE o

BURBLEE o WA A o DUASUTE RS o B RIS DR R NI o BRERREES ¥ 0 R K
AMERILS) » BIBALMEE T SR TR MR KR SRIREEES o SRR B
R DAL TR IR RE o IR BUE BRI R B0 {1 S o IR 0 RIPERIZLS Bk
By o SRR LB o AIEEERE I LLRE R o BISEMEIEZET o LUEHE (Plate 6) Ha
5 > BB BE AR 4 I o (A HB R 2 B 5 45 DUIR BT A Sy o SIS RO RN W
HERACTE (7] I A R AR B 4 o

H > WS T SRR TR PLTT BT o (G IR o (RBRTE IR S 1 M T B RS+
(70 R RV SR B LA I+ BBR T R A S TR SRR 2 o4k o (R RO RS o

AR KL A .y t=k

s L
DRy o =k
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10.

Oscillogram
Oscillogram
Oscillogram
Oscillogram

Oscillogram
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Explanation of Plate

of direct current (6 V/cm).

of alternating current (10 msec/cm, | V/cm).
in the joint point of Vibrator.

of oscillatory current (5 msec/cm, 1 V/cm).

of pulsed direct current (10 msec/cm, 1 V/cm).




1 BEHBE - t BERH
nEHE - k BHEH

B ERTADFEERERERSNE—BERHE » BHBERMRRET RS o LIRET
AR » BIREMEEARE > THIBRWLL c ARBRERZTHRERSEMTHAFZRERR -
4G F0605EY: » BESREER 120 X (Plate 7) IE o IRBYEVE M RIREH TNIRIRARNE - HEMEEY
EH160~180k (Plate 8) » FipE A 2 IREVE T IETZMEMN Plate 9 ik o HHET IR EANHIR
52 (electronic oscillatory type shrimp gear) s > 4§#bis 440K ARY (Plate 10) » SWAEFERZ
ERBET » BIRERZHEAMIER (DC & AC type shrimp gear) ZHBEEK » KEHT
RBIBBRZ » UBTREEVHBSEEERE/) » X » BT RENBIRS AR TR
SR TS H 2 BB INRARE o

HARZIRFIEHE » H— R EEEE kb 2 A EHEE M 30 cm £4 » EAREHREL 15 Kis
AR IEE R RSP » HATEZIZ REBHREEETER 04 sec o RIRAXBER
BERRRIZE 4 sec 2R > REBHRETES 3A » SLRNAMEER » HIRFEEFRRFBEA
Kz Bk o N BT 0 MEES R ~ IBAE KRS BRI R Z I TRIEL « B NEBRIER AT
Lo BEBEER/)  NRAPYBITT HET /MRES/ » I ESRIBRIE R EER
HEFRERERRE

a2y AR ) SEREEHBRETREGES  MEEBENEIRE - BalRE %
SRR TEE » RIS RIR R RO TRAE TR 2 #E o B » BNEEBTRSRE
R BB - THEZEBER IR THEBRENREDA 28 kw & 40 kw 2
s DA DR R » JEEEE A BHENR  BIEER R  BEBREVERRZK o
B BEEFERRREERERZ ETIREAMIBEN » thIERHELAT (EE s R RS AR
B BRAEAFER RS » HWEBHRBREZZRAZEERE » BRER BE” > MRKEE
BEEVEERZHE o X » MANKRRKER » EME 2 EUfiE » ERHIRERFUETRE
£ R - ANIRSRERCFE » —RX—FUBRERETUES ) BOESVE  YEEERER
ZIINFRA ikh ik Ao ~ A RRhRE S 44 2 BIERHYE o

1 =

ABHRREE “BRBRAE 2—RINHES » REEEERFEZ ZE R o LIEWE » &0k
BREHERBIBRHERENEER » LURRZERRFRE » oI BT 8 - 51 - A%
HERR B BRI T 2R

LY IER B 3A » BEURR 1~3 sec ZEMERZMES FIERG RIELERE
5 X HORFREASREN o zitahzE 68.1~90.0% » RHEH BB TES =k
B AR 29.5~T1.2 % » WIERER TR —RAESAIEREE » R » BERERIIENR
PURETN R o

LEWIREE 3A > MERMA 4 sec ZHEAZES  UTRBEERENRIBELH o

JAERIEEWE » TR » IREEHBIREEN » ZEEHBE 3A » BEREREE 5 sec ZAZ
AR LR ~ N & » B ERER ) LUETRZBEE o

4508 (BR 7.6~9.5 cm ZWHIRRM) ERMBETER 4A » ERURFFITER 5 secr B
BIBERBINE 15A » (ARERFRAMER 1 sec tARLR2EHE » ERHEANZIBIIES
{rReE{E o

5. PENERER 5 EE » Cull » CuCl; % Cu(OH), %Lk » S BYS
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RSN R JASh B AR R AR 2 e e A > bl CuCl ZBERHE » (B ERERGERE » B
HEERNAEE SRR - $0e5 TR0k - Bt ) MEABYeRERE » ITLHEE -

6 MKBEEERRE » AR CBINERE T » ENERZNERMIRS ZHEERER » RETRm
BERZ  LETRENHBESEERRSR/) 3 BFREHBIESRAERR T N 845
B TS B2 BEmRaSRg I R RE o

TREERR ~ BAKPESE BB R 2SI RN » R MERRER R BEVED
sy s SR SRS BT 3 2 BB HL/INBE R0y o — RSB R IR 2 SR R4~5V
TR o - £ E RN M EERECTIM o Bt » BauiBREIneREE A » HER
RERHB L ©

8IF A MK ZREMER » SHRLETIRER IS - MAERMRE 3A > FWHMMH 4 sec ZK
2HEEAEE » AIESHERESEERR TR AERR ZPE » BIEshRdeEs » WERG
BAERREAZEEREREE  DREEBREVERRC “BR” AfBL

ARBARE SRR & Ry - YRBESHA AR R » XRESHTEERC
FHEEEBBSHEMARMIIL ~ BNE BB  BEMEEZEY ) LR AEERRETZ
ROERIFRL » FEEEHFERAL o

2 £ X B

1. FEAKFE (1969) : BB 2 FAE » HEIKE » 55200 1 » 14~160

2. B—A (1970) : Bty » ShBIKE » 55 2053 > 3~100

3. Liao, I. C. and T. L. Huang (1970): Experiments on the propagation and culture
of prawns in Taiwan. Presented at the Symposium on Coastal Aquaculture, IPFC
14th Session, Bangkok, Thailand, Nov. 18~27.

4. BARHE (1955) : BEYEH: » e » J080 > pp. 178,

5. Seidel, Wilber R. (1969): Design, construction, and field testing of the BCF electric
shrimp-trawl system. Fishery Industrial Research, 4(6), 214~230.

6. RBTHRE (1967) : EME A~ ¥ 7Y 7 GEIRR) » BPEE 174 pp. 207~208.
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Table 3. Effect of electric stimulation on the survival rate

of nauplii of P.

Jjaponicus and. P. monodon

Nblém-é Survival rate N
Current Current ofr i after different stimulating period
' Species : ; :
source |  generator tested| o 10704 06/08]1]2]3|2!5
SPECI-| g6 ' sec! sec sec| sec| sec | sec | sec | sec | sec
men i i i
DG Battery Faponicus 100 190190 [ 92194 |88 |82 92|84 |54 60’
b ook P. ' 5 .
AC | House eléctricity monodon | 100 | 68179169 |88 6872 69 18076 |27
.OG Vibrator Japorieus 100 |84 (8684|808 |9 7892|4292
Pulsed direct B : |
PG current generator : monodon 100 | 73| 58 | 60 | 61 | 60 | 75847366 77
i
Table 4. Effect of electric stimulation on the survival rate
of zoea of P. japonicus
"Survival rate
Current Current Nugil‘ber after different stimulating period
- tested i i by |
| source generator b 0102/04 06,08 1,213 4,5
e secli sec| sec sec;sec}jsec SEC  SEC | sec
DC Battery 100 [3032 26|64140 |50 38 48|64 |64
AC House electricity 100 |68 64 ’ 58 | 48 | 68 | 68 | 60 ] 52152 | 46
oc Vibrator 100 |44 128 24|62 |40 |68 66 66 42|56
Pulsed direct current | '
PG generator | 100 22 | 24 18 40‘ 20152 42 ‘ 24116 20
Table 5. Effect of eleciric stimulation on the survival rate
of mysis of P. japonicus
; Survival rate
Current, Current 3 Nuﬁ‘ber | after different stimulating period
tested | 5 4 inal b2 1 og ]
source enerator | : 0 02:04/06/08 1 2 3 4 5
5  SPECUDER [ sec sec sec| sec! sec seC sec sec | sec | sec
DC Battery 100 (22 20 16|10 2218|1814 |22]10
AC | House electricity 100 |16 14 52146 22 3822|1016 16
ocC Vibrator 100 42 46 52|64 42 68|84 |84 40|70
pg | FPulsed direct current 100 |50 5615256150048 46| 56|52 50
R generator \ N C




Table 6. Effect of electric stimulation on-the sarvival rate’
of postdarva of P. japonicus

Survival rate
Current Current Nug}ber after different stimulating period
tested ‘ [ 1 |
source enerator . 0(02/04,06[{08 1123 415
g SPECHMEN qec | sec| sec; sec| sec|sec | sec | sec | sec | sec
1
DC Battery 100 50| 5242|4052 |54]56|54|521!40
i
AG House electricity 100 54152 |56|54|52)|52|48|54 48,58
ocC Vibrator 100 | 48] 50(46|52| 5454|5054 40146
" Pulsed direct current = :
PC generator 100 52| 54| 54| 56|52 56| 54|52 50 54
Table 7. Effect of electric stimnulation on the survival rate
of juvenile of P. japonicus
Survival rate
Current Current Nug{l_ber after different stimulating period
tested [ T |
source -generator ) 0102/04/06/08 1] 23|45
s SPECIMED | sec | sec| sec| sec| sec| sec| sec | sec | sec | sec
DC Battery 30 |26(28|22|20|28|26[ 28292722
AC House electricity 30 281272928 27 27| 2724|2830
oc Vibrator 30 |201{22(20|25|25| 26| 24|27]|22]23
Pulsed direct current o | : :
PC generator 30 25128 |28 |28 27'26 28 28;26 26

Table 8, Results of eleciric stimuletion on adult Metapenaeus
monoceros with various intensity of alternating
current and stimulating period

lBOd}{’_l ?;lrt" | Result after various stimulating period
ength |; v
(cm) lggn 1 sec 2 sec 3 sec 4 sec 5 sec
83-93 1A recover recover after | recover after | recover after | recover after
- immediately | 50” paralysis (1’ 157 paralysis| 357 paralysis| 5’ stiffness
8595 2A recover recover after | recover after | recover after | recover after
7 77 | immediately | 2777 paralysis 27 477 paralysisd’ 437 paralysis) 15/ stiffness
8.5—0.0 3A | recover after | recover after | recover after | recover after | recover after
o 307 paralysis {2’ 307 paralysis; 3/ paralysis |5’ 507 paralysis 20’ stiffness
88-0.1| 4a | recover after | recover after | recover after | recover after | recover after
s 307 paralysis | 3'4” paralysis | 49”7 paralysis| 40’ paralysis | 30’ stiffness
8790l s5A | recover after | recover after | recover after | become stiff | become stiff
e 1’ paralysis | 3’4” paralysis 4’ 307 paralysis and die later | and die
7.6—8.4] 104 | recover after | become stiff | become stiff | become stiff | become stiff
e 1/ 20” paralysis; and die and die and die and die
8.0—8.2 15A | recover after | become stiff | become stiff | become stiff | become stiff
o 1’ 36” paralysis  and die and die and die- and die




Table 9. Size of eggs and larvae of six species of shrimps™®

(Unit : mm)
|~ Stage Nauplius Zoea Mysis i?‘s,;
Species TN, 77, M—M, | P
ia Pf;.w 0.25 032-0.50 0.92—2.50 2.83—4.34 4.90
o 024 | 032053 102275 340—4.37 5.01
i | 026 | 033053 | L0227 | 338474 | 522
= 027 | 033055 1.03—293 3.93—4.93 5.70
Z‘fn"’,’;‘;j{j;’e’fg‘s 0.22 0.28—0.41 0.82—1.91 2.40—3.30 347
i a%'era 0.22 0.30—0.44 0.86—1.63 2.20—3.02 341

Table 10. Effect of Cl, concentration on egg, larva and juvenile

of P. japonicus

. - .
. Stage | Hatch- .
Cl, Nunx ing Post larva [Juvenile

con N ber % rate Nauplius Zoea Mysis ,

\ : 1.9~
cen-  of of ®:0) 2.9¢m)
tration "\ speci- egg ; ’ .

B \ men
Oppm| 100 | 90% Normal Normal |[Normal| Normal | Normal
0.1 ppm| 100 809% Normal Normal (Normal Nofmal Normal
0.2 ppm | - 100 4% Normal Normal [Normal| Normal | Normal
03ppm| 100 | 80% Normal Normal |(Normal| Normal | Normal
- 05 ppm|. 100 4894, Weak in Weak in  |[Normal | Normal | Normal
action and | action and :
then die then die
07 ppm | 100 20% Weak in Dead Normal | Normal | Normal
action and
then die
lppm| 100 109 Weak in Dead Dead Low Normal
action and survival
then die rate
Zppm| 100 0 Dead Dead Dead Dead Normal
3ppm| 100 0 Dead Dead Dead Dead Dead
5ppm| 100 0 Dead Dead Dead Dead Dead
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Table 11,

of P. penic

illatus

Effect .of CuCl on: égg and larva of . P. monodon and juvenile

Effect of different éoncentraﬁon

Species | Stage %::i;:;; 0 ofoguCé ;{m g%tch(i)nSg raIe & ;urw;ral rzte E
ppm| ppm| ppm| ppm| ppm ppm| ppm! ppm| ppin| ppm
.moﬁ;do;z Egg 100 {720 0 O] 0| O] O O] Of 0] O}
o 2| Nauplivs | 100 | 64| 0| 0| 0 0 0] 0| 0| 0] 0
W;O-m;don Zoea iOO 40| o| o] o/ o/ of of 0| 0} ©
monodon Mysis 100 (60 0 O}y 0} Oy 04 O} OF 0} O
L, | Postlarva| 100 [ 75| 0| 0| of o o of o of o
éevzzici'llatzzs 1 juvenile 100 {100 |100 | 100 | 100 {100 | 90| 70 | 50 | -70., 50
Table 12. Effect of CuCl; on egg and larva of P. monodor and juvenile
of -P. penicillatus
Number Effect of different concentration
Species Stage. (.)f(.; = of GuC%)n 4‘on glgtchéugg f‘afe &Zsurvgval rilte -
'specimen 24
% Ppmi ppm! ppm| ppm| ppIm| pprg) ppm; ppm)| ppim; ppm
ol Egg 100 | 78181 8| o| o] o| o] o 0| O
méﬁoﬁon : NauPlius - 100 7 0 0 0 0 0| © 0] 01 0O
-monodon - Zoea 100 | 50| 0; O O} O O! Oy O} O} O,
| monodon Mysis 100 | 50 20 0/ 0 o of ol 0o 0} 0
' monedon | Post larva | 100 | 50| 20| 20| 10| 10 0| O} 0| 0| 0O
penicillatus Juvenile 100 | 90 1’00 90 | 100 {100 | 100 | 100 | 100 | 100 | 80

Table 13. Effect of Cu(OH); on egg and larva of P. monodon and .
juvenile of P. penicillatus

Number | “Efcct of dificrent concentration
Species Stage of of Cu(OH), on hatching rate & survival rate
P ge | [0 02[04706[08] 1] Z] 3| 4 5

pecimen

: ppm ppm Ppm ppm; ppm) ppm ppIm ppim ppm| ppm
mo;ﬂdon Egg 100 | 44| 44| 46 561 30| 30, 50| 48 22| 64
monodon | -Nauplius | 100 | 80 60| 50 50, 0} .0 0} 0| O 0.
monodon Zoea 100 | 70| 25 201201 0 O} O O] O] O
monodon Mysis 100 }-50 | 107 10f 0} O 15! 5| 0! 0} 0
noriedon | Post Tarva | 100 | 60| 45| 351 40| 0| 0} 0| 0} 0| 0
p’eniéiﬁatus - Juvenile. 100 4100 ¢ 90 ' 100-:100 7100 | 100 100100 100 100
' 5 | ' )
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M e AR e B2 AE S R AR
Note on the Cultured Spawner of Red-tailed Prawn

Penaeus Penicillatus Alcock™

B - X
I-Chiu Liao##*
(Received Oct. 30, 1973)

The problem of finding possible ways and means to culture young shrimp, under
controlled conditions, to become spawners for the purpose of mass production of the much
needed shrimp seeds has attracted worldwide attention. During recent years the
Tungkang Marine Laboratory has been engaged in conducting research on this challeng-
ing problem. Some of the results obtained are summarized as follows:

1. On October 24, 1972, 60 young Penacus penicillatus, with an average body weight
of 19.95 g (propagated at the Laboratory on April 24 of the same year) were stocked
in 2 outdoor cement ponds of 2.5x1.5%0.6m each. Trash fish and shrimps were
used as feed.

On April 3, 1973 after 162 days of rearing, the average body weight reached

3998g. On July 24, 8 female and 16 male specimens were transferred into an indoor

cement tank of 7x2.5%1.5m. One month later, one of them was found possessing
mature ovary. Two weeks later, another prawn had mature ovary too. The latter
was dissected for examination and measurement. The dark-green ovary weighed

5.51 g, with a GSI of 8.99.

2. Tissue sections showed the presence of one nucleus, few nucleoli, and also jelly-like
substance just inside the membrane of the ovarian eggs. There was a thin layer of
follicle cells surrounding the egg membrane. The egg diameters ranged from 0.133
mm to 0.263 mm, averaging 0.18 mm. The state of development of this ovary was
in its maturation stage.

3. On another occasion, one cultured P. monodon was found also to have grown to
become a spawner. It was transferred to a 0.5 ton plastic tank and spawning occurred.
However, there was no cleavage of the eggs, probably due to either (1) the specimen
had not mated or (2) the eggs had not reached full maturity.

4. In total, two cultured spawners of P. penicillatus and one cultured spawner of P.

monodon have been produced in the Tungkang Marine Laboratory up to now.
Studies on the mechanism of maturation and suitable environmental conditions to
induce maturation of prawn are to be continued and intensified.

* FLRU (Penaeus penicillatus Alcock) {FIREBTRESHIE FTREZATH - DIR A HIE Frfs 2 (A » A
B2 SRER (uropods) HBPIMEHIBE > FIUISBHEY SHEW
BB FTSERE A—215F (Contribution A No. 21 from the Tungkang Marine Laboratory)
ek B EKERBETE®E S (Tungkang Marine Laboratory, Taiwan Fisheries Research Institute)
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Al

WEBRZEM » AREXBAERD D SEEL R KBS 2 H0 » R WSS
SRBMEZOPRI © - CERERIEET 5 o KT » B TEE—SHr BB » 7048 w5k
T RS IE TS SR EE B RETR AT « RS BEBATEN ; 1
BEZMTFEEERAREE » AMSBEZBEAZ — o SEBKIE » BTl Re Bz ST frkl
5 Hih B IR - R S P REE AL o

BREFEERESZHETIE » £ B4 National Fisheries Service Gulf Coastal Fisheries
Center (JHij& ¥ Biological Laboratory, Galveston, Texas) 7 Dr. Dov Grajcer £TFHtHE
DB AR RER A I 5 B AR BB HSeaiE (Penaeus japonicus) Z1&
B (BEH AT BB SE R L R RSRE B - i B BT R AR B A HE B L — B
B 0 ERAETEAES EEERBEEEWRTIE  ZBHH » ERAKERBTRES T2 —2H
% - EEREIFIREE T R EEE R o

WK EEERT BB ARRET » BE_RBRE AR (Penaeus penicillatus) » %)
Hehr—R » BEHINEBFEY » SRRFTEERNT :

HE R E

Y— P. penicillatus $R19724 A4 RINREFFTHfT K BERMBE B2 —BIREHZ—R o
SEEE M ERES IR » RASE 10 J 24 B:ER60R(FERE 19.95g) » HRHAREE o 7l
s 2.5%1.5%0.6m kB (Plate 1) » KK » HEREKEZY: » LFURSITER
ERRTHEA IR AEEZFE4 A3 0 AfF 1620 » $5E= 39.98g - FRFHHEK 20.03g o
R EERENESN ZFE KT » £ 7 A24BHBAERE Tx2.5% 1.5m kB (HibfRIUE
EHESWETFE B Tx5x1.5m» &8 Plate 2) » fhzk3¥E 8 Q RIS ASI24E  fE
FRESHR=X » BHAK—R » BROERY MK » AFUFRSIIR » SRRETTHA o
SR ICEE » =/EE 200~1300 lux o

A PEZ KESES 21.7~30.7°C » B4 8E517.11~29.3%,

BOMEE TR A RA AR THINC IR » BRR TR E R » TH IR
Bouin solution [EE{{EEIFH » ﬁ& A Delafield’s hematoxylin J% eosin 4tfa » LIfEREER
FRIIEL Y BEIE o

B RREE®

8 AIBHBWBRRAE 7 A248 » MBS KRLBAEAARML 8 RIES » HBHANBTE
HEEMEERBORTHERZINEETE S B o Kdh—REAFRIIAL  BAEF 1 BH T LY
BRCEHFEL=AT - AT O A 5 AEERER » HIIECHE%  WHREEH  EREM4RZ
TR IPR AR M o

9 RULEFRBER » BB —RIHER » HIPSSAELK » 70 Plate 3 » g BERRIIN
Table 1:

Table 1. Measurements of the cultured spawner of red-tailed

prawn, P. penicillatus

T.L. | B.L.  GL | BW | OW |
m) | (em) | Cem) | (@ ; @ | Remarks
— \ 17.56 ’ 4.48 ; 61.25 \ 550 | 899 | Ovary dark green
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Explanation of Plate

1. Outdoor cement rearing tanks.
3. A cultured spawner of Penaeus penicillatus,
showing its mature ovary on the back, visible

through the shell.

— 61

2. Indoor cement rearing tank.

4. The entire ovary and the dissected prawn.



wn

-3

Explanation of Plate

Cross section of ovary (25 X), showing most
eggs in their maturation stage.

Ovarian eggs in maturation stage possess
jelly-like substances just inside of the circum-

ference of the cell membrane (200 X).

ey 17 e

6. Comparison of eggs in young stage and in
maturation stage (100 X)),

8. A more clearly magnified egg section in
maturation stage (300 X), showing a large

nucleus and many nucleoli.



#n Table 1 PR » ZISE 5.51 g 2R EHKE > GSI 2 899 o @HEANMEHEZRR P
penicillatus 72 GSI #3555 8.3~11.6 (Table 2) » HLERIREERRAM B o MEXFRERRE

Table 2. State of maturity of some red-tailed prawn, P. penicillatus,
collected from natural waters around Tungkang

" t 1‘ i 1 [l
Due | Lk \ BL I GL BN OW ] G5t | Remark
69-8-5 | 2230 | 1970 ' 520 1020 | 91 ' 892 ' Ovaryl\gﬁfﬁeg"““'
70-7-24 | 1579 1353 | 343 | 310 331065 P
'70-8-7 | 2202 1931 | 540 | 980 84 | 857 p
To-4-1 | 2027 | 1739 | 464 | 672 56 | 833 Ovarydark green.

” 18.89 ’ 16.10 4,07 52.7 5.1 9.68 ”

P 2130 | 1849 | 483 | 826 92 | 1114 p :
TI-4-13 | 2163 | 1844 | 504 792 92 | 1162 Ovary grass green.
171-6-7 — 1833 | 490 | 847 71 838 P
71-6-21 | 2220 | 1918 ' 513 | 981 87 | 887 p

” 22.53 ‘ 19.61 i 518 | 981 97 989 1 ”

i (P. monodon) 7z GSI ¥EWE 11.4~10.59  ga-2 kL, » P. penicillatus = GSI Wg/h o

WREZ SEMARE A Rn Plate 5~8 s IR BUREIIELIN (ovarian eggs) ZIIEARMEBIR
Y8 (jelly-like substances) ¥£% » B —~BEZ# (nucleus) BL B (nucleoli) s SPEEH
Z kg (follicle cell layer) B/RH# o A HAINKWE 0.23 mm? > {iRFEEEH
ZIBREAER IR HEES 0.133~0.263 mm » XFHES 0.18 mm o % s> gy Plate 5 B[40 &
féi2 ovarian eggs FRIMFEIM® Brigt 2 P. orientalis % » RBRRARKEELER (synchronism) o

—REERELEERAE R  RERA B EEETRBaTEREIE » Bt
HITARTE » FCBRHLC B H AT — B AR b2 DR SRR 2 = AT R B B, » R WIS ER B R SR IR I S A 2
RREFHREMN  ETEEEEATHERTZ I » REAE - wETAL » SUTERR
WBERE o WRFBZE—-RIEHEBR/RATEERNZIN » 57 Plate 3 » fR5l% > SIHERIN
Plate 4 o RFEE> QR WEZRABHEEERT » BFRAEEE-R2EE » XEER
B B EE o

[ 9 BH9E P. orientalis 7 SIEBAEE » fRIKE ovarian eggs BRSO/ BAK : DE
#I5nEE (nucleolus stage) » 2) FIIIFEHIINE (preyolk stage) » 3) FLINERIITPEL (primary
yolk globule stage) » 4) R IIERYITILE (secondary yolk globule stage) » 5) 5 3 RIFEK
FRIPIINHE (tertiary yolk globule stage) » 6) RTBZESIEL (pre-maturation stage) » 7) FE
535 (maturation stage) K8) 5RMASPEL (ripe stage) o

BRI b2 788 W— P. penicillatus Z INHEAVBR AT o BERRE AWK > P
orientalis 7 ovarian eggs Bl ARFEBH P. penicillatus EZHAEWMA » BE P orientalis 25K
iz ovarian eggs » & nucleus s TiWRFTE 2 P. penicillatus 2 [A#f ovarian eggs A& —
BiREZ nucleus % %% nucleoli o "R3B » p2EEH Hudinaga'V ffik 2> P. japonicus % ovarian
eggs FA{Ll o X » IR 84S 190y P ordentalis 7 ovarian eggs EoF nucleus = i #A 1 FAEH
WIZ R > BN5E 3 TRONEEERA » (BABFEH - B#RZ nucleus BBRIAHE/) » THBFH nucleolus »
X fg P. orientalis % ovarian eggs AfIAAE jelly-like substances B » £ nucleus 7Rg
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BaiE D » REEE K c BAKRTEHERE Hudinaga' Friftz P. japonicus 2 ovarian eggs 1
TWHFMBRAMEZFEREE  BUREHN P. penicillatus . P. japonicus 7 ovarian eggs
ZRARBE P orientalis HHEFAR » ERFEMELABHRSB2E—FES o

BRTHERZ —RBR SA8 BRI MO ER RS LMz E—RB N EXBBNIT3E4 73
A #l&— RS T > (Ethh S — B2 P monodon v » BEEREE 4.26 cm »
BE 512 g Z—R s FINEA/NLm SR M 1T T T B M R AR AR o Wk
EERR 0.5 ton [EFRIMEBAKHE » FHRREN » MRZEWEETID BRI 5 2 (
cleavage) B% » REERRLEFTBHNA S RERATH - AEMA o (BRRHAE SR H
& W4 P. monodon BIAEEMHERBIEZ T o B4 » BRI HERIE » BRETHR
ZARRMAH R NB10Q 1158 » ERTMAFTZEL—E » BESBEERABTE o

BEETBE  WhEHEL P japonicus ZHENR » BN 7R I0 8 3R AME SRR R S A 4 78
MBS BOREE » NE A ZHER (stoppers) » ZERFAM P. monodon ~ §8iE P. semisulcatus
% P. penicillatus SEHMNAR G HARBHEEEAR « AY » BE—W P japonicus » {EINHRE
BERAWR G o WA LR ZABARZEE—E » BRHSEZE—FER o T » R
SEE—F P penicdlatus WRAEFEANHRBORLEE » (BT DMREIREH FIlEN: £ RS
(thelycum) » ZERHAHERARE (spermatophores) » RS Frboz HEik » EHETRRREE » LI
AEZRFEDELE

FA% FEMEY AR » 2 AR ERIINE> P orientalis » AR ARFE » (AREFEL
BAWEABTHEZERE » o FOREEVHIE L P. japonicus TR EMPERER S FE » (S8
B WHERTRZHRERTE o

# Idyll Z #4512 Caillouet and Beardsley 48 P. duorarum 2 —#0R #% % 3= (eyestakl
removal) » 51 ~2E % ENZR BRI BB B o BERD P japonicus Tkt » BIERH
eyestalks HURSSE » B RERB L FEHE » i3I eyestalks B IBFERTR 5% » Rt » 58
TR RTINS SRR A A B > DoRB G ovary-inhibiting hormone 22 73 i
BN BHLETFRE o IBBREUMIRIESR eyestalks ZHEBBERHENERE » AHFSHE
E—-H2RABFE  £E—HH ¢+ SHLEINEE Y-organ T X-organ!®» U0 127 I8 » pIFIR
A RUE B8 B # 2 mechanism o

> IEFTR » EEHESBNFER 2R P penicillatus B 1 & P. monodon » FINH
RN » BB KD » H » b B ERIRZ TRETBAA o BEEVS T
FIRSE o MRS BRHRE BRI o R 3 BEMREIL T HR ~ B BHRRGRE RS —4EL
b ERFREAEEINTEAK « KEEHERRERH c HAEBTREMKEZEH - @F %
B R AEKBBRZERESUTIERE » Bk » 586 THEIBERA mechanism Z3E%
Ao WERSHAE R ERER SRR T E MR R -

i3] =
BB EERERE AR AR A TMEE

1) MM 2 P penicillatus 1208 s WERE N 2.5 x 1.5 x 0.6 m KIgHh » WkT T4
B 08 BT A ILER3MAE s BAEA TX2.5x15m KiBBEHEE » BR—EAKE
BEP—EZINERE o UREAS  BRER—RBINERERA » BT > NEIEE
5.51 g+ GSI 3 8.99 » JNEBPHEKE o

D) WEZINEBET Y « B H ovarian eggs ZINERMEA jelly-like substances #E

& AAE—PE 2 nucleus 4B nucleoli » I~ follicle cell layer BiR % o JIEHIEE
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0.133~0.263 mm » EREEE 0.18 mm o KITEFAFYVES » R ZIVEEE maturation
stage o

3) B4 BAKNY—E P. monodon MW » BBEENMLFEET BN ABHENE
B — R » WRRARET » BITRREE MRS » BE BRI A& KRB
BT AIAREMED ©

4) 2 s LSRR BER LR P pencillatus %1 B P. monodon » LITEEEFE matur-
ation stage o &4 T EHEMFRH mechanism Z38%41 » W BTN ERRBEZAFTREZHE
AFIMEE 0

AEBAE S FBE B SR - BMRE&BRELH MIZMIAE » DREBREEHHE

B T p ARSI A AR - AR » R IEEER o 3 AMMARTER B KES K
BT Bl B A R i E BRI SR T SRR AR o

2 £ X B
1 AT - BEER(1966) 1 7w =g OSRRR LB 0 HER T T v 7+ ISR
&3 > %1388 » 83~94 o

2. Hudinaga, M. and J. Kittaka (1967): The large scale production of the young
Kuruma prawn, Penaeus japonicus Bate. Inform. Bull. Plankto. Japan,
Commemoration Number of Dr. Y. Matsue’s sixtieth birthday, 35~46.

FETES - A (1972) : i ERSEETRERTE o KEREIE » 2(1) » 34~540
BB KERRS (1972) : Hib Ly 7 4~ = v RTHEAE o pp. 6.
B (1971) : o~ = OBRMEEM o SHLREE : REZ2RE—BRIERM
DL » 344~408 » TEEHEAM » B o
6. Liao, I. C. and T. L. Huang (1970): Experiments on the propagation and culture
of prawns in Taiwan. Presented at the Symposium on Coastal Aquaculture,
IPFC 14th Session, Bangkok, Thailand, November 18~27.
7. B—A%:RERo
8. M 1M (1967): 2t 5 4 = Penaeus orientalis Kishinouye oORF7E—1I1. JiE
DOREFE L PRIIHERE I O\ T o RIFREKEE » BT 5 252357 5 43~56 0
9. -—-——(1967): 2 v 7 4 = ¢ OWMBILCHMT AP —IL FEWHAEES JUHERR K
ERHE > 15(2) 2 7~32 0
10. B IEHE . SHElE—EF (1965): 2w 5 { =¥ Penaeus orientalis Kishinouye II. Jp
HIIOTSREAI D3R L IIERBE 10D\ T o BIFRE KA » THIEHR S » 551857
» 30~40 o
1. Hudinaga, M. (1942): Reproduction, development and rearing of Penaeus japonicus
Bate. Jap. Journ. Zool,, 10(2), 305~393.
12. Idyll, C. P. (1971): Induced maturation of ovaries & ova in pink shrimp. Com-
mercial Fisheries Review, 33(4), 20.
13. Charniaux-Cotton, H. (1960): Sex determination. In “The Physiology of Crustacea”
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