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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 CJCRR), 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 III coastal aquaculture, particularly 

milkfish, shrimp and Gracilaria 

Lukang Fish Culture Station-R~search in eel, oyster and tilapia culture 

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

Chinese carps, snake head and the walking catfish. 

In the first two years 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 cti.Tture 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. 
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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 needs. A good illustration of this 

point occurred in the cattle industry. A supply of selected bull semen in vitro has 

been made available to cattle breeders for over two decades. Many biologists are 

interested in the response to freezing of spermatozoa of domestic animals such as 

pigs, sheep or fowl. I~ 1971, a semen bank for man was established in New 

York (the Idaut Corp.). In the American Type Culture Collection (ATCe), 

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 85% 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 oyster 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, M!lryland 20852, 
U.S.A. 

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

tung,Taiwan 916. 
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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 con centra tions. 

Marine saline formula:-NaCI 1.35g 

KCI O.06g 

NaCHOa O.02g 

CaCl2 0.025g 

MgCl2 O.035g 

distilled H 2O lOO.OOml 

Freezing:-One half ml or more of milt from the collection was delivered 

into a freezing vial (o.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 III 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. 
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Table 1. Effect of Cryoprotectant as Indicated by Fertility of 

Frozen-thawed Oyster SperD1. 

Oryoprotectants I No. of I Glycerin I Zero I Dimethyl Sulfoxide (DMSO) 
Concentration Experiments

l 
Sampfes-Perti1itr . Fertility -No. of is am pies I Fertility* 

(v/v) I Taken_~Average % .... ____ IExperiments Taken Average % 

~~~ , 1 . 2 I 0.28 I 0(2)** ··--i--r--:-2~:!;-
10% 1 7 0'0 0(7) 4 15 51.03 

7.5% 4 6 1.03 0(9) 2 7 78.98 

6.6% 1 3 0.49 1 3 31.27 

5.0% 4 13 8.74 0(2) 4 15 41.12 

3.3% 
Others: 
~aline: Sperm 

1 : 1 I 

~perm, undiluted I 

pontrol 1 I 
(fresh sperm) 

Control 2 I 

(egg only) , 

3 

3 

4 
5 

4 

12 

10 

14 
11 

8 

3.88 

2.29 

39.48 

40.07 

0.78 0(3) 

* 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 40.07% 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. 

SUDunary 

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 7.5% 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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St:udy on t:he 

rt 5}. n\ • .f at H~ 
Ecosyst:em In T ainan Canal 

• firJ ~~ • ftR*-?ff • -tM~~t 
Chen Hon-Cheng!, Lee Hsiao-Chao2, Liu Chi-Yang2, 

Chen Sheng-Hsiang2, Hsieh Ming-Chiang2 

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, 12 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, fips; (3) station 6 to station 9, aIDS; (4) station 10 to station 

13, j9ms; and (5) station 14 to station 16, os. 

4. There are found 74 species of planktons, belonging to 13 classes. Ciliophora dominate 

section pSi Rotifera, station ms; Pennales, Cyanophyceae and Chlorophyceae, section 

IDS; 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. e. (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 12 consumption and (4) Ciliophora and 

bacteria; four negative correlations, i. e. (1) DO and ammonium, (2) DO and 12 

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 below 5 ppm, ami am­

monium below 0.6 ppm. 

7t~~¥3t£~~tft!El¥J~m"f • ~~g~~~Jt~¥3I¥JJ3~:\i'§~ • j;~*l¥JlEI*f!1ti~:kilfij\§ffm 
~ • ~~¥3l¥Jmffl(;ljitlY::I:~j§~1t 0 ~~1tl¥J:1JA/F- • ~1¥J*:I:~M:!t:Bt • ~1¥J/F~J3. • ifi¥J 
;1;[JJEL~:@(;l!GZm 0 ~~*S:J:Jt.·I~I¥Jf&;~~~, A p I¥JJW;lJr1NAI~i:ft~m' fJfMffl(;i¥J~f{l~,1t5Jljit~¥3 (I 
~~7t .• ~~7t.ljit~~~7t.) Nkm:I¥J~~J~IMs" 1RJ)II" ~~:&'{{!tJ¥ • ~{~)tj)j!(;~i¥J~¥3~§~:Wl 
:k1¥J~1t 0 ~).7tji:I¥JI!."~ilfi~ , ~~.:I&*I¥Jj;llMiM~ " 7tj)j!(;i:ftl¥Ji~U'J.~jt~:&i£fiSf:!t¥3jt~ 0 

~m~1RJ~-~~:kW{fr~Mi~7t.:&jrW{fr I~~7KI¥J7KiID 0 7t.i:ft~~~i¥J~:I:~'i'~ , lEI & 

1'r1RJ )II;lJr1tJ.~'-'- • iLm7tl¥J3t~:vJ;illm. ' t&~~¥3J}JR~;n1RJill:~ 0 tJ.iW1RJ7ti'N1I~U~J~~ .. il±_ 
*Y!i1:&:JiIlW~.~~ii~~ • 4-J{u~~*mJ@l\ • ~!RIlUiJl.~i1a~ji: , il±_*M&i:t1i*fi'j,J' 0 t&1iFf~§iIPT 

~7tI¥J7tJ{:&~~7t:!t:!t¥3ffil¥J~. ' i'iJ Jil Jl:t~f±l7tji:ffla--J7J(Jl:£~ • ~). fi\Jcf,i,*M~J&.ffl~Mffl7J( 
:&1'r~.&~*n!E~7t.~~Z~~'MiLJilil±~*M~I¥J7t.Jl:$~~JilJl:t*~*~~*~mw~ 
mil±_:k:l:~JEI¥J~~'tJ.~~~I¥J~o 

.= .. ~*4:&7J5~ 
~m§i1RJ:Bt~6xJI! ' 1t50-100:&.R/F~ , 7t.¥*t0~2~2.5~.R • ~~zp.:ltJ~80:&53- 0 ~=11m 

*i¥J~m~7J(~ff±l p A (m~7tMf±l p) :&B (;!t~7.f(Mf±l p) ,Jj~={t/ll'J'~7t..!±\ p C:&D 0 

Fig. 1. Locations of sampling in Tainan Canal. 
Figures in circles indicate the BOD concentrations. 

-8-



¥~JJ(JtM\!~j(IJ[I!-pJTffi~16)z~ , zp.:I$]i\'0~~ 400~R:r.:l,-)Z~ ° iltYJtR7j(-* ' ~*:ti~itJ::q::fL~ , j::), 

M~~JW: !E1¥J)z~tRl&7j( j]j ~ 1 01}5J'l* 1¥JJl(lIirE~~ ~~~ IJt1m @l.~* ~fF 5t;j;JT ° tRJl( ~ \PJ If{f~lJJE 
~j'[l[ , .t~:i:irE~!E~~:&T#1:~'Ui ° liWt5t:tJT~UJEI¥J::1Jl*$illj(lJ~ : 

-,IJt1w.j;lS\r: 
(1)~j'[l[ '7j(j'[l[1*j::), O~SO°C Z7j(~j'[l[J!t~@j~~IJZ ° 

(2).t~:i: (Specific gravity) j::),~~}flI¥Ji1f;¥BA.t~:i:~~U!EZ ° 

=, {t"'lZSlr : 
(l)pH fItfJil HM-S ~Z pH meter ~U!E ° 

(2)~~1l! (Phosphate) j::),~§~~, W1t~~l&~~fp ffl~JPt~~§~ , flf)::.)'J\{tll2~mlJW:JPt. 

welJt1~ffl~jjt 70Snm ~U!E ° 
(3)w~1l! (Silicate) j::), Mullin 4 Riley's method ffl~jjt 810nm~U!E ° 

(4)ll2;PF'J~1l! (Nitrite) 1*1m Sulphanilamide :& N- ( I-Naphthyl )-Ethylenedianrlne 

MJPttte ' flflJ 543nm~J!E (Strickland 1960) ° 

(5);PF'J~1l! (Nitrate) )::.), Hydrazine sulfate ~JW::r.:l,ll2;PF'J~I!l!~flffflJ::l*~U!E ° 

(6)~1l! (Ammonium) ffl Rochelle salt Jm. Ca, Mg !!&\111~ , tm Nessler reagent 15e 
z~e ' Wt),~jjt 430nm ~O!E (Barnes 1959) ° 

(7)r~1~J'::I: (12 Consumption) ::JE1J[lT#1:~ , flffflW1t~W1t~~jJJ@Ij!E*~fFffll¥J~:l:1ID*f±l ° 
(8)~~ (Dissolved Oxygen) t), Winkler's method ~UJE ° 

(9Ht"'fI~:i: (Chemical Oxygen Demand) )::.)'~#I::~~N,'~{tll!J1ID~IJ!EZ ° 

(to)~!J!?j{t"'fffl~:I: (Biochemical Oxygen Demand) ll:<\7M'lI.iNf!¥m7Jqiffi~~tE't][j'[l[fr'F 

20°C~~S s 1&Jil~~:i:Z~*1~ C:fNII96S) ° 

=,~lJt1lZSlr: 

(1)~~~1Jt1 (Plankton) Z!E:I:~!E'I1: ' )::')'~~1:tjtJ~ X X 13~tRl&z ' ~ifi~L~**~JE~ 

tEM~~~!E'11: ° lJ 10 liter 71\.tE~~1:lJt1ifJ~Z!ttRl&z'@ifi\!l:!E:i:z:.M·*+ ° 
(2)*®,~~ (Bacteria) tJ, Peptone 8 g , Beef extract S g' Agar 17 g' Yeast extract 

2 g 1J1l7j( 1000 c.c. it Autoclave ~'j)t~1S-305t~m{'F:r.:l,:I?"H!i\£ ' i't(~1&ttllgj'[l[i{j 

35°C ~~~24/J'lf{f~UJEZ ° 
(3)::k}~m (E. coli) tJ, DIFCO~P]f±l®z Desoxyeholate agar 46g ffi.1fi: lOOOe.e. Z 

7j( , 1JQ~m1l ' ~~irE2jS1RJ;tt?i ' tE 3SoC 24!J'~1&S3pJTJPtI¥J~e1llii:lli~IJ!EZ ° 

7J({I~t~-:ft ~j'[l[1?ctij 7j(\f&J·\;;ck~I¥J~:i:pJT~. ' \PJ -~rcM;·)z~:ti~:tf::ki\'0.m \PJ i¥J71\. "Nt ' ~p~ ).;~r13' 71\. 

{1Nt~{t~j}H' , 2jS:I$]~~~ 1.8°e ° tE~t'f;89YJ {)tS31fi::ti~m.t~~~Jf~5flJl!:.~ , l&~mfJ7H~~ftE.~)z~Z 

7j({IM~I~ 0.5~1.2°e ° 7J(j'[l[ZYJ~{t,)::.), 9YJ~:iBt:~, ~ 32.Soe, ~1&FI'lPi'l~~~ lYJ~ 2YJfJl 
j,W;,J&{!&~j,W;, 19°e , 3 YJ ~3Z..*~3.'lj 24.SoC ° 1f~:ti7j(Wll!filjljJ7g , -~Z~WJ~r:0i1l~'§::k:i:~1Dl~ 
I£ffo 

~!~~;j(:&I*~;j(~:sf-~~J11:l'ibj( , I&fjFAiiM1&7j(i¥J)il!t~~~iJt ° S3~-l'jJ~iJ~J!ttE~).;~ 
;L~1bt13~i\'k::k ' ~ntE~7j(fjFf±l pl'i!d!&j,W;,12.46%o ' ~~m:fl! p JlU~~ , :t&~tE~14)z~:r.:l, 35.14%0 ° 

:lti'~~t~i*IZSlj,W;,]ll § ;ii$,:tffil.tE}~3SfjF1tf(~~B1tl1i;!7J(ffl3&: ° ~1 , 3 ' 5 liMJtIl!B1t1*I2Sl~m:::f(fJ7,/(mf)H!:l 
pzl&o 

~M89 pH iiGtE7.S7 ~8.33ZrrJJ~1l:1f) , [ut-iJim-lE'1f;m71(&~M=~]ll §t mml¥J pH ii ° tE~-
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il~jl1b-Jlltj; , ~~I;jff~f)t~ItTIfi3l!i'i (*-) 0 @i'i1JIl$Jff~~* 0 pH Mli¥J}j ~1r,~j'{jl1b-l& ' *~Jltjl1b 
~fJ,*i¥JM3i 0 I2SltE-~m~i¥J7J(~9=t ' pHMli¥J~fr,;;ff~~151)t7i'i3l1j 9.5 0 EE pH Mli¥J1I5E:&.ff 
i¥J-l& ' ttcl:tJ:ttmJ]t~mfJ7J(i¥JtlF:I::&$;%:$;ffi~1I5E 0 

1P'1\'U~i¥J%:l:tE O.26~2.417 ppm ZFi'l'fi\Sc;;ff1;JH'f!:i¥J~ib ' 1i!l¥~.Jl,IjtE 0.020~0.367 ppm Z 
ri'l'~ib (*-) 0 =,*zp.:U3t1)~1k!El13 ~,mJt$;l'tf1i¥J%:I: ' ]:J,tE~ 1 il~jl1b:il~ , fll\~~m p JlU~ 
~o@Jt~~~~M7J(i¥J%:I:'$m:&~~~~Z~~:&;;ff~~~~%m~ilii¥J~ffffl~.o~l 

)tMi111iEE1n~~jl1b,%;;ff~f?~tI)tE!l:!:~~%m ' iljU15~l±I~:l:i¥J@Jt. , TIfi;fj[~'Jj:~~~~j;ttc~ 
~j; , W1JIll::1P'~.i¥J%:l:tEvJbj(tt7f!t:l$m7J(jl1b~ , ttc~-)t~m~1i!l¥~~ , 1P'~.i¥J%:l:jl1b:il~.o 
~llimpi¥Jmlli ' ~~%:I:~' ;;ff~~~~~l±Ij;, :f!}1ml::~~z~~ , ttc='*Z%:l:t!!{!& 0 

~'il!Z%:l:tEO.068~4.75 ppm ZrJl:$fi\Jc;;ff!UUi¥J~ib (*-) 0 12Sl:ftjl1b;fj[~'li~~~~£\~ 

i¥J@Jt'il!~z- , iL~;;ffmf?~,1i\ij~~l±Ii¥J@Jt'il! ' ttcAtE45-)t~z~1t~W ' 1i!l¥~.=~ffi~ , @D 
tE~ 1)t~jl1b:il~ , ~~llim P fll\j; 0 ¥1nBE#'FJ~!!I:&:PFJ~~Z~fr,JlU~Jl*13 (*-) , =~tE~l~ 
~8)t~fJ7j(9=t%:l:t!!{!& ' ~9~~1Z)t~%:I::iI~ , ~13)t~tJ~3Z.:f!}~1!& 0 ftglF~i¥Jzp.:U3%:I::$lt:@'13 m 
mjl1b~o 

ljl!lH~.:l:1:tJjl1b7j(9=tmitfr,j1%:l:zm~ , J~J~7j(*Z!llimit~ , ;;ff~~' phenol :&:ftftg~IJjH1i¥J 
~Jt1fMJ 0 A~1r,~lI1jl1b 5.09~23.8 ppm, Jt:@.13 mmi¥Jj';ml'tf1:&~gs.l'tf1i¥J%:I:~ili!t~ 0 A~ 

{r,:$;;ff:m$' tE~ 1)t~jl1b:il~' ~~lliftpA%:I:~j; (*-) 0 A}j~1r,~l1lIl.ffi¥J}j~1r,1fMJ' 

l1\ntE~fti¥J-}j f7tjl1b:il{!& , Jl:tl3lf!&l1lIl.1f~~~£~~%m~~mit1r,j1z"/il( 0 

~~jl1b~.*~~ttiJi¥J~~l3lr ' EE1n~%:l:1f~f?ttiJi¥JtlFA}lM ' Jl:H3®§ifr'iJ;$:-5t § f#f?~i¥J 

~15j] , "/il(~1¥~ 7 )tM!\Ii~~~Wlwt~Wl ' A%:l:t~jl1b,% 0 ~8)t~;;ffj;W'f~~m.zp.:U3lmO.118 ppm' 
~~3l!i'itJ~16)thz%:l:jl1b~~ ,~ 6.73 ppm 0 ~~i¥J}j~1r,l2Slm7j(1¥J~~:l:1I5E ,"/il(m~~Wl 

wt~Wli¥Jt;;. 0 iE~Wl~~ 1¥~10)t6ZrJlmjl1b~ '1lIT~3® 5 ppm ~:${f;;;ff~14-16)t~ 0 ~Wl~ 

m7j(~A}lM ,"/il(4!\Ii~\il[~j;RtE~ 1¥~ 7)t~Zri'l' , TIfi~3® 5 ppm ~jl1b~1Z-16)I~Zri'l' 0 zp.:ltJ 
~~:I:~3® 5 ppm ,*:${f;;;ff:il~Jm)t6 0 

1b~w~:I: (COD) 1*7j(*~gfB[~fr,i¥JttiJJt@n~1JIlA~fr,l"'!U1JIl]:J,1r,~i¥J~1r,~, ?Jfl~.i¥J~ 

#\:1: 0 I2SlJlt:ftMlJrZ~F*ff,~m~5Ei¥J1r,~m{7t ' -~ffl]:J,:j:liiili7j(*ill!I*'Jj:~Jti¥J;;ff~ttiJ%:i: ' "/il(:Ef 
;;ff~'f~mfJttiJ¥fH'1i¥J~mf?7j( , *~f?7j(9=t~2iIj~ffl 0 COD Z%:I:~1P'~!m'1i!l¥~~'~~-~ , 
:Ef~ 1)t6ft:t1jl1b:il~~ 53.65 ppm , ~~llift p JlU~{!& ' :ilf!&tE~16)t!i ' jl1b 3.15 ppm 0 COD Z 
Jj ~{r,(;* 7ft p mlli5t~Wl~Wlz~.1i- ' 00'{jl1b-3)k , *~}lMfJ7j(i¥Jm%~fr,~::k 0 

~ttiJ{r,¥i¥Jw~. (BOD) ffi**~gfB[~1r,i¥J;;ff~~ , I'W~:Qf~'Ii.1Jl~~z~~{r,¥~{r,~ , 
?jf~.i¥J~~:I: 0 ttc BOD i¥J%:l:fll\::k' ml~ff,7j(q:rJ3-;;ff~:i:i¥J~*·Jj:if~~ 0 tE~ 1 l7612Sl"lt 
-m::kf?*~tlFAfJ~Z~. ' "/il( BOD %:I::iI~ ,~ 188.68 ppm' :i!l\~ft p :ft:l:~j; , :ilf!&:ffl, 
2.27 ppm (*-) 0 iE;;ff~?'J** BOD i¥J%:I::iI~m~ , :E-Um3llji¥Jjt*,Hr,~~rPJ~::1J%11TW§~ 
~ (*=) '~iJ"*)t6Zri'l';;ff~~i¥J~~' 1lIT}j~1r,z~~JrZ~~~ , &l:tJjiHiJ}lfr'iJfJ7J~i¥JW:A:I:­
fE1lIT$;%:$~Jlll5E 0 illl:tJ*~m7j(i¥J~~~a ' l&f?~~~ff1nfr'iJll[[l:: 0 iEllim p i'!'J~l7{,~~fJt!7~ 
?It ,*{iiJj~~mf#m7j(1:tJ~~12)t!i ' ffif~{iiJj~EE~f?~~Zll~ , RrlJ~~14l76 ' ti\l:tf±.Rm15tE~ 
14-~15)t6ZrJlJtJiil ([W)\) 0 EE~f?~~zi'ilm ' ffifm7.1~i¥J~~f?~~]jl§j]x/f~.R ' 1iY:tf±~JtY[(I 
i1U~WMI~~j; 0 

*Hl~~l§~tl~i¥J;;ff~~}fJ1;~%f§¥JrZ1JlltJtUffl~~2iU~ , "/il(7.K*i'!'J*I!\~It~;;ff~4:0i'!'J~j;-pjftc:t1 0 

}lr~1f?7j(*I!\~ltU~ l)t~:ffl,:iI~ , ~~ c.c. 1,590,000{OO , ~~llim p :ft:l:~j; , ~16)I6R;;ff18511M 
(~-) 0 *ffi~~fffR{!& ' -;:t:ft~10%otc:t1~;!5t~ttf (Zoball 1946) , l2Sl.ffPiiliHtiltffif3l!:l1[ , 

"/il(~,~ltvl'~JlIff?jf~.1lIT3E!~ 0 ::kmb~:$~*I!\~It-~ , Pii~)t6ltTIfi3E!iJ9lt ' ~14-~16)J(]~c.c. 
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~~jijj~250{fSj (~-) 0 

~VtJ89~~4'.~~~~*"l*~M:lJn!E'i'tfE:fj:1& ' ;tt;~1311El~ (Class) :tf74;fi (Species) 0 ~n'~ 

l£~l'zM±!mi¥J;fi~:&~:I:~Q~=ffl7f; 0 1EMf<~:&Mf<~~l±lml£ IX q:t~7j('i'~1:-1i~7j('11: (ams-os) 
Zr",'i¥J7j(~ , t.Jl£. f3 q:t~7j('11: (f3ms) Z7.k~:oo:m,:Ill~ 0 1i:9~~7t:m,= §l (Order), Centrales §l 

I±lm~ ams-os Z7j(~ , J;J, os Z7j(~:OO:m,:Ill~ , 1&::k'lm:m,m7.k;fi 0 ;73- §l Pennales JlUU f3ms 

:m,:Ill~ 0 ~=€iU\lQll±lm~ a 1.1i\~7j(-t~1:-~~7.k'11: (aps-os) Z7j(~q:t , t.J fi %l~7j('11: c.aps) z 
7.k~:m,:Ill~ 0 ¥HBA~l±lm~ f3pss-os Z7j(~ , t.J ams Z7j(~:m,:Ill~ , 1&=i%\fI;l1~:m,f77.k;fi 0 rmEf3~ 

~~1i:9~i¥J Centrales §l *§JmU os :m,:Ill~ , 1&:m,m7.k;fi , ~~ Gastropoda , Polychaeta:& 
Archiannelida ?J)\1~Jlm7.kfi: 0 

{J£~4'.~~~7j(j!{i¥J~ftl:t~~ifJ~flt{~ , 1&'ffit.J{J£~4'.~fIjl(:m,f~f~t.J#!UIlfi7j(j!{ 0 rmt.J1!/l.:fm4'. 
~*fIjl(~f7~;fiJ!t89:t~1! ' ~U~iijj'}J~;fi~~iE~7.k~q:t I±lm89l\(:fj:rmA: 0 7j(~~~1iJ 5t:m,m7j(fi::& 
f77j(j!{ , m7.K;fi:Jr:m~ME os q:tl±lm:lll~rml£:Jt1ffi7.k~qJJl:&Jl,\t&:tfl±lm$' ~~Jltz5'!-:Jtftl!.:ff!',t:m,f77J( 

f.i. ' 1&f77.k;fi3(.5t$; aps, ,Bps • ams, (3ms ~~;fi 0 ~lm:m,;li1::.!Et:m7.k11::&f77j(tiSkJ:fm~ , l£~l'zti 
I±lmSkJ'I'fltW 0 ~fi:~~~~:;fJm897j(~:tf~JmSkJ.BZIi~ , JmJl~ .eps 89 Dinobryon ~ Euplotes , 

=$B95t#!lM~~Jm ' lltr$5t#!l~ , 1&$5HffiiJ( , 1&t.J~¥1*fIjl(:m,f7*;fiJ!tB9f~1! ' W;7m7.k;fi* 
5I1I!Y3 E:Jt5t#!l~:fj:89:ff!',trJt ' ~1&:t1iJ-"f!E~ 0 

~:n.:m,#f~=jtfl ' 1t~i/t1:;$:$j'zr"":&':ltf7~s9i341~~rmJPG 0 :Jt Biotic Index ~~1.!effl 

Beck ¥!Jl,\t~1W~¥! (T.A.) ,~t.J~ ll'zti:m,:/Iijl , ffMliWi r::r JmJf!.\~ 0 BIP :m,7j(q:t1!\f~H~HI~HI9.*m 
llPlifJ~~1!/l.*mllPlifJ~ • ~~Z;fQS9l:t~t.J100rm~ 01& BIP zl\({@:~1b~11:~~~r!Jl:t~'lm~Wf~ 
i/t1SkJW5t.:tf.'~U~1M~~:m,:/Ii~' •• ~Wir::rJf!.\~o.7f;ifJ~rt~Wf~~.al£f7~.m 
B97j(~:OO~~ 0 ~~ill~~~4'.~S9l\(:fj:~;fi~~lfJ~~Wf4'.~S9~:I:~fi~~{bl- ' ffilill~,t1~W'f 
~~l£m7j(q:t.a4'.~ , 1&Jt=fl~ Biotic Index -~ , t.Jm 1l'z~~~.{J£, ifl<:~m r::r JlUm.<:i'&G 0 

tt:fj:l:t;jjtr'l'!l 1'iJ~ 3.4m- ' rm11t~l:t1'iJ~4{f!f 0 

WtJ!t:;$::m,:Illm~SkJJlmffil~z - , 7j(WtZJ! ~ft~~::k ' !5ci3.~~mJPG:&tt]i 0 -Jfi)tj§'z ' 

1£ 9J!1OJ!~Wf4'.~SkJl\(:fj::m,:/Ii~' rm 2J! 3J!:m,:/Ii:Jl 0 7j:Wt~l'ztiZ~1tfJJl::Jl 'M/fMJPGfmf7*, 
1&7.kWtM~i341Jm;fi4'.~l£~l'z~Z5t#!l 0 1&1£f77j(4'.~"'B9.\\IlH: , W;~F:k::JJ ' 7.k::JJJl,\t~Y'~~t~PJT 
5ImB9~f7~:&§&Q~Jl,\t§&Q{J£Z7.kWt5'!- ' ffil7.kWt*§Jmf'Fffl?J)\ffl ' 1&7j(WtM/T':>l!::-fIElm~ffilY 0 

f77.kS9~~1£~i'PJ1RntJ!F"J1'iJIt!\lJ!tB9~ft~1±l ' ffil~1~~5l'z~B9!\1J!t{M1.~dfij7.k!\l~S91h~1/3 ' 
1&~j]~i'PJm7.k3C~~1§::JJ~* ' tk$iitmO~!\IJ!tR:tf3.73%o 0 !'I1~U~i3. pH 1llii:5i- ' ~¥fWf4'.~B94: 
~*s?J)\:tfi3. 0 -JiEtj§z 'W:lJii:4'.~:;g-;l:~flHR'fr""qJJl:m, JlIj:Jtl£ffi{J£~lE'ffim7.ki39~~-"f~~:I&JR: 0 

~VtJ~J!tzp.:li§'W1£25%oUl: 0 ~ Tokuda (1968) flitl±l Nitzschia S9:/1i~!\IJ!t1£10~20%o' ~rm 

1£~VtJJlt~:ili~!\Igti397j(~~M&:tfJlt4'.i/t1SkJl±lm 0 Ib\*~:tE;l:~~1J);JW' JJ,:(£!\Igt 20~305?' r~ 
~:ilif* (Chen 1971) , "llI-1/if!=e~Z Olisthodiscus :{f:!\IJ!t 3.55-35.5 %0 -"f ' 1==-~/f':lt~. (Shen 
1972) 0 rmill~~~4'.~~:tE~J!t.~i¥J~ 2~~ 4l'z~l±lm ' &:rml£.{J£i¥]~ 5)r~l±lm ' Itc~~~t 
~i'PJ~~mJPGi¥Ji3.M~::k'4'.~mJPG~~':ltf7~~z~~o 

pH fW:~i1J!t • ~w4'.~i¥Jtt:fj::&7j(q:t:tf~f7~~z~:I::tf1m 0 iEi1t7j(q:t pH{I~~l"fW'f4'.¥di¥J 
i1.:m,:/Ii::k ' 1&~12)r~t.J1& pH 1llii:Z;!j1Jrl~\ZSl7J(q:rB91i:9~~::k:l:;!j1Jrlffl!5c 0 1£f77j:q:r, \ZSlill~~ 

~4'.~z~:I:~JJl::Jl ' pH 1llii::ff!',t':lt7.kq:t:tf~f7'*~ZmrJf&5tmii:4'.::k:l:i¥J CO~ :&:tf~~rmfE ' t&!ti 
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Fig. 2. Relationship between BOD concentration and pH value. 

MB9 pH ~~7j(J:j:lB9 BOD ~:I:~@[*''fc~!liii¥.Jimi* (Iii=) 0 Jl:t~ Mukleijed (1969) :J:1'f!±lJPJ-
7'J7j(*~J:j:l , :;f1f pH ~~l~Ul,IJ;Jt~:It~ BOD Z~:it~IlJ'l~i¥.Jj.:t91m 0 -JiBti¥.J7j()i:Ylhj( , ;Jt pH 
{ii'lB9~i'f~7.0-8.5 , 3Z. Swingle (1961) ~ Stroud (1967) :J:1'f1±l pH {@tE9.5]::;rr1n;\J1lirllm~4. 

*'~~M7'J*B9pH~~~*4.4.~~i¥.J~~M~~*~.o 

tE~r@~Wt~itf,ffj~ ~ :mn1t~~:It~~ ~ ~7j(3t~/f l3!B9~~ , if'~!JtjWt4.~?1lffila~~JcJ}Mm 
r@!±l~7j(J:j:lB9:gJlIill ' $:-JEB9.tt17lJimi* (Grill and Richard 1964, Richard ct al 1965) 0 ~ 

M:L~7j(3t~/f*' lijf;~*:I:,*Bi§zifi*~' 'lJlrRt§JPJ ' ~r@Jj('7J(i=jclB9:ti3~~ (X) ~~~\W 
eY) if~l~UIil~M!'izmlffi ' m~t;l!lq~ Y =2.2943X-0.0794 , r=0.9327 :.Bi.m~CI;~)E==') 0 ~~li5j!jJZ 

!!! eX) ~&'t:m eY) zF .. ,]B9imi* ' r&':rr~#~ Y =0.1193 x 0.0027, :t9~~fMl~: r=0.9327 #tn1i~ 

*" (~m;l) 0 S3Jl:t=;;;\#TiJltj)l!J~~!!!~~!!!(]9imffi 0 S3~~Jl~zr .. 9~-JEi¥.Jlti7tll~f;H* ' lii*FfZ 
B9 Hkli.lM'i!. % \'1J* i'I"J !1F * :& ftlf~ i'lM~7j( , TiJ 9<iJ~~Jl~ fS if~~ i'l9~ f& 5tWt-l?R!±l Z l::t ?¥~*j[ 4iJ'1t[ f"Nth 
1:!Jtj!l&l&illJl~~jEmi¥.JJt?¥;:Jf'~*13~ 0 l2§~inJi'lJ BOD ~:I:~J','jj ~ if~~~ , J:i,~jE~~l',';\J1liiL 
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Fig. 3. Relationship between silicate and phosphate. 

~~z;fUfflIJRltt 0 :;¥5-/f;fUffl~nlt=.FtfI';/~ , iIDfI';/~Yf!l7$:~~ 0 

lffill~l%tm ' ll~l%tmbt~m~:Jl?:Ti~At13::~~!i4tJ.~~i¥J*i1i 0 WJ="*Jt:tns:m*im:Jl?:II:tn~1t 
~j 0 -~it4tJt:Jt:Jl?:~~ , f&\PJft{lFffliID;fUffllli.:::w4!3.~ , lGIJRltts:m ' ~s:m~OC{I&$Ij~w;W 
oc~~;fUfflf~1%t1fl ' ji~::t;fljffl!l£f~~1fI 0 j\;t.:::"*zr~1131~£.~ , ~P~IfI1f~ftll*)i\rf ' "ilJHJi)( 
~'H~1fZJ'f;iID.ftiIDnlt!l£f~1tk ' f~~:IfI 0 2Jj\"ilJH:W::1:4tJ Nitromonas _ftnlt2f~~. ,~ft Nitro~ 

bacter .{tnltf~~m 0 1f~~i¥Jll*Jm-r ' 2Jj\:N~lX~z.ft 0 itl:7.KJ:j=t2f~~:&1T~~mSiJ~Ft ' :ff2t 
~7J(r.j:ti¥J&tm ' ~~ , ff.Wf4.~i¥J~jr:&1t{t"'~WJffimi¥J1'Fffl1ffi5E 0 1f~-)ltire31J: ' ~m~OC::k1* 
f&tE~~ll*Jmr ' !il:N~4tJffj?JJlk5J-JW1ffi* ' f&!l::tlffi1T~~ , ll~~:lfli¥J~Ftjijr 0 ~ 9~~12)ltif&~$.\ 
r~ , !ilffgfm~)$(;i¥J21T~~ , ll~~:IfI2Jj\ll11i ' 1ITiit4tJff.Wf:1:4tJ2Jj\/fg, 0 ~13)ltit)~=~z~jr , 1ffi12Sl1.!$ 
S::lfljr , itI:.ftjr , J3.it4!3'I:4:ff.Wf:1:~::kit*1Jl1iID;fljffl!l::t~m~zitl: 0 

7.Kr.j:t~i~JUt3::~!il:1:~.%tl ' :N~fI';/~4tJzffj?JJlk5J-JW1ffi* 0 {§'1f~~~zB{;I{~{4r ' t)tJE: 
tfJj:7J\. ' JW!ilWrE~~!**1Bm;fUfflWrEI%t~i¥J~*5J-JW:N~4tJ ' rm1£wlt:l[~*R~!*nltWrEffl\Ff 0 ~*JJ£RlfB{;IWrE 
ft~~:fi 760 ppm ~n:Jt-~j 0 Richard (1965) iE~$.\l!!jri¥J~~~'iilIJ~7j(J:j=tB{;IWrE{t~i3"itg,~ , 
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Fig. 4. Relationship between silicate and ammonium. 

~J!!~:i:?Jj\±t;fJn ' lLRX;jl[~~l!lI¥ZIm~ 0 Richard et al (1965) ?Jj\m~~~~i¥J~;j£tiJtJ~~5J-fW 
mI±\B~it>:lli:&l91i:ft~RX;-~.l::tB~Im~ 0 ~V'Ji'17.K~~m.:I:~~m~RX;iil:!*~~Im1* (!I!:'1i) 0 llt~ 

!ZSl:ml91i:1t~:m_mJ::l:Z-'i~IH?t ' rmlL1liC.A~J:5fUffl~¥3~ir;j£tm~~TIiimllW ' r9.ir~~*'~EtiJ 
:DI1A 0 ~M~7J(*1\):Ji:*ml~~~7J( , ;it~~ril'r±I~~:&_mjlt:l:J!IHliRX;jl[*,rJt~l!lI¥ml1* 0 mJZ;1~~ 

1~~105lt51.Ml~~1!l[ , w~mlJ1~7.K~ Eh ~-1003?:-200 mv , JPG:f!U1Ht1fU@i?;m-7J(~l91i:~~rnUm 
mE'9:k:l:~m ' rml'$7.K3Z.1ll~~:fI:B"Jwt~m ' i!&~m.:l:8~±t~ , ;jftctHmt~mjirnrrm* 0 rm~12)Z6 

th1&m~Jitfl1' 1ii\t~mf'Fffl~:Ji' ,~~;it~~m~RX;iil:!~zlm~ 0 

m~~~tA1J'ctfFZJ[U!~~!&~ , t.ErJ7.K*~1ll:l::±.~·)t~;j£t!\t!J~~5tM~~~fiJf2'c:ti 0 j\bKm 
f!i¥ • *mm1'Fffli5Z~'I'f ' lL~~B"J7.K~~fW~~ • i!&illBV.K1llllm~. 0 ;(£i5Zl1iB"J7J(jjjX~ • JtU'3t~w1=. 
!\t!JZ~!1&. f'F ffl~ jGi?;{'F ffl fiJi' ft::ti ' i!&jiMffl'~1!l[ B"J;1( t:j=t ;itffl'~flt~:{t ¥311: ~w'ct ~e0B"J1iX~:1r IE tEl 1m 
zlm1* 0 _m.:I:~~5m!&1\)~i'1*'!\t!J~~f!i¥B~~r:0 • itc~1~~~mlt1IJ!I!1\fiJfffi 0 ~~~*U!f ' ~ 
mjlt:l:1=tT:k:fiit!'1Jn "rm~~~:jjJlil Winkler's Method mrJI±\f!i¥ ' ~m.:l:z~J!tJll1itf 5.6 ppm ].:.) 
T ' ilfiit>:~~~:tE 2.8 ppm tJ-T 0 -llllt7K~~¥J~,*;(f.i!~~~ril'~' 1\i&1!&B"J~~~.:I::&~~T 
:tfi1§1=.fF 0 0.03 ppm ZS:~1.$.E"Jugc.!!&'{'Fffli!~. ' 12 ppm z~rt!1.:l:llJ3ik~ § 1.$.1'EL ' ~~~~rJ 
0.22 ppm $1lJ!Q:~ 9 ;\i1l.7BL 0 i!&Jl:t.:::~tE~Mr:l7j(,*,~.lim~s-jlZSl* ,j:fJqj(~*1c.'cttiJmS9*J:l.]jJi; 
:&liX:I: 0 -~rg7J;j;JHI1~~Zfl~*~r@~ 5 ppm );.)1:' S:tE pH 8f!i¥~ 1-1.5 ppm);.)T 0 ~l.;l~ 
14Y~Z7j(JtITfi~ , ;it~~J,1l, 5.9 ppm' S:~ 0.635 ppm' Ji!!!l:lt!1J!i(:I:~ 5.20 ppm' 1itlillltWLzJ't 
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Fig. 5. Correlation between 12 consumption and ammonium. 

ffl5£IB~7Jqj(J{~~ , ~.m~1~"¥if~{It~~&,~ 0 

1t~lBfIff~:l:1E--r 7]( 9=' ;jtH~':§:*7f;r7 * IB;§~ , rmiIJ!ftJi"¥w~ !ftJ~~ E¥ ~~::kms {0~Ji:!:g P0M' 7]( 
fI: ,1& COD ~~ , E¥~~~~o/ ' =1§'ifJ?t;tI3Jm 0 COD ;j]ju~!t~7f;~fI:!f!f5£1B1t~!ftJJ{ , 1145-

fl:ih!ftJ~-t COD ~';;R~xill7fFiU '~-~E¥%)!:IB9='II3~3)!c%mt\t~ 40~70 ppm, TiIT 0.1~50 ppm 

~m~&:ll!H'fffl:&~:R:if~. C$E81968) , *3mM¥l77M~ COD 2Jl;:A'::~.7](~1=:!ftJ~~-{~m:~ 

iZSl+ 0 J=lr~-:&*=~D 5 ppm 1J--r~~ COD ~E¥~~1!\IiJJt;. 0 1&-~7j(ii'ffl7](1B7]( J{~ ~J; 

COD 7fm~ 5 ppm 'i'~it:@. 0 E¥%Z~tE*1~*5)r~ZII3'1B7](;!ljX;7ftl§~ff ' ~m~1!\IimJ ' iZSl:f.il,* 
6-*7)r~m~"#~~, @tiJif7fo/iJc:l:zE¥~~l±Im, 1&±~~~~~Z BOD, COD, ~:&~ 

m~.ffl~.o@UW1§'~ffl~::k'~~--r5£~'iZSl~~1§'iIlKif~~o 

iIlm--r7](-j\])tif~!ftJ~tr~:l:lk~ , 2f~ BOD ~ 250-300 ppm 0 tzDJl;'Gfi\]~.1B BOD ~7j( 

~1=:tm~';;~-iP:jJ1Jt~ 0 COD "#riJ*7f;if~ljiJz~. '1&tEIPj-r77](7%mtt9=' ' COD ~ BOD FIZ 
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Fig. 6. Correlations between (1) DO and ammonium, (2) DO and 12 consumption. 

XEttZIiJi* 0 ~Mf77t BOD (X) ~ COD (Y) zliJi*m IiI log Y =1.3268 log X - 0.2878 *ff; 
Z ' li1'kM~ , *~Mf77t~i'U-*~~J*~f77t:m:f:. 0 :(i5'~~-Ji!:li:~ ams~os BkJ;fi~' :tE%l~ 
7tt'EZ7t~q:f7ft1§1:.ff 0 1lli Ciliophora ~ aps~ams BkJ;fi~ , rzsl;t't~fJjfflmffBkJif~~~j;r;0 , 

:tEi1f7t~I=j:t~:I:~tJi' 0 *=~il~ BOD ifliJ (lliL) ,m~ BOD Z;j:~~ 0 

*B:l'i1t1§Wf~~~Jt5J'M- ' *:tE7J(~·$~B"lI'~Hf!{'Fffll=j:t{~ifm~B"lJW,{:{[ 0 rzsl~~ifj<j.)t~ifliJ ' ttr.. 
7tl=j:tBk;i BOD (X) ~~m~ (Y) :tE~~~~~J:if@l:~~~zliJ* 'm¥~tJrrml~ log Y=1.81966 
log X +1.9046 (tIl-t) 0 -ll&i§z ';\l~.mJ!R~~::kmEm$~ ,:tEJPJ-*~s"l7K~ifl1~r~Rit!EJ:tskJ 

Nt.li* 0 ::k~'i1~.A.~I=j:t-ll&fa;~l¥J7EL ' rm:;R1&)f0R~tf-l/10 , 1t!liYlX~g~tf-~-1\1llJ:l i:JJ:(Eeard 
1935) 0 $:~Mf77tBk;i::kmE'i1 (Y) ~Jltl.'i1J!R (X) $pjG log Y =0.941179 log X - 0.496734 zliJ 

tf ([~l-t-) 0 IiI BOD ~*w.mJ!R ' *W,mlX~::kmEmJ!R43-if~*,'n@~mzlmi* ' lil(nJ~1§t1F.A.~fRH19 
f7*~pjG{51-~ , iL4l\Iiif~1L¥~J:t ' $:&if~m57M,£j;l[ (antisaprobic) l¥Jl±:\m 0 

7tJ:t~~~~ffl7J(l¥J7fi'Uiffi~ , :tn.]J:7J'ciliffl7t' ffi,l,frl%Jl.ll%lffl7tZ BOD ~ 1.1~2.0 ppm' 
fffjI* ' _* ' 7t~ffl7tZ BOD 7f~Iti1~ 5 ppm' ::kmEm4lt C.c. tE250fBllJ, l~ 0 )::J~14s'l~Zjj'( 
J:tJ:t~z ' !I:\:~~lt~-€l:Fl! 0 :;frWf BOD ~::k~HH'l:!t)E~ 10 ppm , J!UtJ~ii!J~Jt!W~\1fL-/r 
iLJF,fRif 2 ppm iffiW ' $IJ[J€EJ:)I?f~:Jr ' *7f~-€l(I&~7J(EEm7j( 0 

7t~1=j:t , ,*1:.lfJ~~I¥~~*~t1§~J*mmm1t~sf 'Itc!J!!Mq:,,*4.iiJtd1~*W,i1!lJ!RifIEtEl!if,jl¥J~t.l{ffi 0 
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Fig. 7. Relationship between BOD and COD. 

m)j3~lI!iUWl.lZZ ' JZ§1.f!,'B1.f!,m7J(fm ' ll!J};~gU~~:&Jt1ffiifm~iifljl(~;jSj- 0 tEm7.K9='~~~ , i'ilcliJ 
m~i]~M9='l¥JEj3~~u*m~~~~~jJ , rmU~~~1t~~~ 0 *~~tEl:7tm9='~~g*ff;7.K.~ 

~~l¥J~~'i'ilcUl:*m~~~±~~'*~~~ii~~m~omtE*~l:,~Jt~m7.K9=',JZ§Jt 
fifl;~7EL , i'ilcm~MJt{lE 0 

W'~~~JJ!:.tE aps Z7.K~r*:'I:~:R ' m pleurosigma angulatum *VlftE~ 1 )z~*:'I:f±lm, 
~ (:£Rim) , JZ§Jt1*~)' ams ~±l¥JW'~ , lltE~2~filH)z~&iff±lm, , i'ilc~fE'BM3PEEm7ti3jH!m 
tmArm~fF~ 0 Pleurosigma *~m~l¥Jfm~' m'B~g'll!!'ll!!rPJmJrB' MJII:jji~rmn\(;¥ibtfm ' i'ilc'B 
l¥Jf±lm,1*I~lft*N!~7.Krm1r'ffA~ 0 ~~ib~l¥J Lionotus fasciola, Lembus sarcophaga :&iMU:A~l¥J 

Brachionus rubens tE~)J~f±lm,l¥J1J\Ml*/J\~7G-~ , 1itr=~tE~2~~3fr~f±lm,~~ , {EHtri!\Ml~j<:: 
~tE~5~~6fr~ , ~.:::~tE~7~~9fr~!±lm,~*, llftri!ft!J};~* 0 7j(*ifm~l¥J}$t%:&~:l:7GiRJ ' 
Jt7t~~~l¥J~.!J};7G-~ , :li1JIl~~il3'l¥Jt\Fm'J1: 0 i'ilc~7.KJt1R'7J~~~~l¥J~~~1fMi';. ' lLlJlliff 

5'E 0 

ib~M:~W3'~~ , tE~7.K9='JZ§~~~~z~f;l7G£~fF ' i'ilcll~~lttEm7J(9='jJ 0 m.:;g~~U! 

~fF1R'~7.Kl¥Jti15 ' EE~Jtft!!lI!iJ~l¥Jfm~jJiftJt~~l¥JjW~Yrm~g~:I:~ffl 0 tEm7.K'i=' J\UBZZ ' i'ilctm 
:£R':::ib~'J1:~W3'~~tBfm~jfHlIm p ~~ , m.~:'I:BZrm~jJ 0 ;ft~'J1:f'¥-W3'~~JZ§~~l¥J:mi';;7GiRJ ' 
ii 1tri!~!J};/J\ , 1ftfm~:&lt:S:~lli:m p ~~ 0 JZ§Jlt BOD J}i!f'¥-W3'~~l¥Jfm~fj(tE*Jtfj(~l~l: ' if 
n\(;!l[~~Wll¥zlm1* C5I-t=) 0 i'ilcliJEEf'¥-W3'~il'tJl¥J1I:~*m~i] BOD z~jJ:&ll~IJl"J~l¥J~J:t 0 
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Fig. 8. Oyster Culture area. 
x x indicate culture area 10 years ago; • " 5, years ago; and 0 0, now. 

Beck t),7j(~JJ;jgJli'iJ J!ib#JI±l~l¥Jf!~ , ffl Biotic Index {i*I1J:B-7j(J{l¥JfiJ1!ii)~rt 0 {tR:J't~ 

~~ 1~~5 ~~~:j!l!IfiJ~1!lI ' ~ 6~~9 ~~~5.1i\fiJ~1!lI ' ~ 10~~13 ~~~~fJfiJ~1!lI ' ~ 14 ~~tJ1&~ 
iflf7.K1!lI 0 @:Jf:{iiJ~~JJ;jIW:1iJJ!ib#J~~.JEr~~ , iI&~~thP)f:tfib#J (T. A.) a9:1Jl**1±l Biotic 
Index , "$*l§~3iMfiJ7j(5J-pl(;~ Beck t§lCUa9rml!lI ' JlmWWHl ' iI&Jltl*"$11J~ffl 0 

BIP iEfiJ7.KJ:f=1:J't:l)(fifR* ' JltlZSl:tf~fiJ#J*gfBeI~t~Eib!j"qj*:I:~1it ' TITI-W;~/GJ!~ff' iI&illiiflf 
1~Z7j(:J'tfiilli/J' 0 iE3iMJ:f=1Aliflf:&Alr7Z7j(, BIP ;t§~~25m ' iI&11Jmw]r77j(J:f=1:tf~f!lJj(~ib!j"qj 

tH!fI]i:&:tf~!j"qj~:i!j"qj~{r5{f~*:I:~9iil ' TITIiflf7j(J:f=1IJj(~ib!j"qjj/ 0 tJib#J'I"tffw~!j"qjz:I)(:I:~~ff 

w~!j"qjzlt ' !il~"$~~!j"qj~a9fiJ~tIIUJEl*z- , @iE3iMJ:f=1:J't~1t~7G+5J-1JH~ , Jlmw"$/GW] 
m'iI&ft*1J~'/G:Jf:fff:1Jl*o 

1t!j"qj'l"tffw~!j"qja9:1)(:I: ' f!~~~ib!j"qj'I"tffw~!j"qja9:1)(:I: ' f!~lt"$~gmUl!JfiJ~l¥J~rt 0 X::J't 
:Jf:=~a9f!~.ft~ Biotic Index :& BOD :tf~Wrm1* 0 iI&f!~lta9ft*~g1J5.1i\ 0 :J'tfJiEm p ~11 
m:J::t~ 1~~tci:i*' iJt(HJmtllUiEiflf7j(J:f=1E!rr~JlfFffla9~~*:I:~9iil' rmfiJ7j(J:f=1~~j/ 0 

g:pj(J{J:f=11b"'lZSl-=fa9 BOD, COD, ll!!lmJt:l: ' ~~:&~!j"qjJ2§-=f1¥J Biotic Index, BIP, il\%\ 

]i:l)( , ;M:!j"qjffw~!j"qjzf!:I)(.l:tib!j"qjffw~!j"qjz1i~ , 11J~3iMMm:5tfflGi{\l!l7j(~ 0 iE~I~~~ IXp~ 

,~2~~5~~~ .Bps' ~6~~9~~~ IXms' ~1O-~13~~::m .ems' ~14s7lith1&~ os (tiI+=') 0 

7.K~z~a9W~~TlXms~.emsz~~':J't@a9W~~~W]mo 

~alftrm;!#-fgilJj , ~7k5E~*~f~fff ' @S=J:aNjt:tf*:I:*~fiJ71(I¥J~fA ' iiR;~{\l!lmilJjfg~ 
11JJl9iilI!±. 0 m:~* ' ~iEllfE*:&WJl'*'Wt~~TJlI¥JI!±.*:l:7E'C ' JlJE'Ca9'I1l'j5t7tAjEj7\J.a9~ilii 
~~it, '~'~I¥J[kjmp~~? @iEmpW:lJ7j(5E~~fffz[6li!;JE'C~j/ 'iI&Jlt'l!%~3iMRtgtE~14-~ 

15s7liJl~I!±.-. 0 ~~w~~jlfMI&~*a9.~:&1*.5ti1T ' M~3iMZ7j(J{;t§.ftfR ' ~14~trm 
l!±.zYE'C ' 1*lZSl:3':-~:&1f!-**:I:~FAfg.~:tf~!j"qj!l~a9~:EIi!M!:3':-1tflJj( , 1JJ1~T Enteromorpha 
:& Chaeteromorpha I¥J~~ , NitEWJl7j(~J::*~ , Jltf!~~*:l:YE'C , :J't~f&1&:y:'%JP(;=~fiJ 
~Jlt~I!±.~YEa9J\i*lJj(lZSl 0 ~~~ilEl¥JjllJj(%JP(;:mil:{ti1 ' Jl~§!!:l~?Jj\:tfth~Z 0 
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li'fit ~ 

JH'tH'M~*:S:~mM7jq~!9¥lJ,* ' ~~~:&!fj:ili!i~Mrm:tt~9t' 0 *1iJf~-ELts¥lJ,*~~~71(*1l: 

~~r®~.:&~~~m~~_:S:®~1l:,~~**mm*®*~~*:&~W*¥lJ*~~~~~o 
F)ft\FIii:*4$RJ{¥:1if~)l:EimW1f'tw ' !fj:.*:S:JEL~)JJl:~~~~ 0 ~W1if~*E:~UUT : 

(1)\'E pH, II~' BOD .. COD ®Jj~1l:' RJ:ttljl!.qY'J7.K®t;lf:S:~Rlt5ti1&~-'$(, RW7.K3t~ 

Y'J,*~®~l§1J/f* 0 

(2)pH, II~" ~~ .. ;fl[~~Wf~~®~~~_:S:" ib~~Wf~~®:fi~~tE7.K*;L1l;:S: ' ~ 
.Y~Ij(ffii§lJt C;t\~fI§ p 1l;:S:;t\~) 0 liTIfP'~1\! .. ~~I\! .. ~I\! .. f#!rf'lJ::S: .. BOD .. COD .. *~m 

It .. *~mlt .. ib~~Wf~~®It:S:JW~.Y~ltliTI§I~ 0 ¥~ill!1iIfJ~1\! .. ifJ~~~1l;:S:J'!U/fn:: • ')t 

~~mtc:;f:jo 

(3)\'E3!!m~r .. ~~~:&ft~rl3'®\m~ • RJWJlM7j(~5t~~ 1Y~ffl~~ aps , m2~~5)7~ 

~ pps , m6~m9)7~~ ams , mlO~m13)7~~ pms :&m14~16y~~ os 0 

(4)~Wf~~~.13m:1f74~ • ;±'~l:ln~~ pps ;L~~~~=e~~ , I:I:m!~ ams ~~,ifB~~ ; 
liTI pms *:1f:1fIli~~ , ~~~:&fP'~~A'J Pennales § ; ¥~fP'~® Centrales §, EJ37i5l:~' 

Gastropoda .. Polychaeta :& Archiannelida *W~ os !Z.~~ 0 
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Fig. 12. Relationship between BOD and kinds of plankton species. 
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Fig. 13. Five different water sections. 

(5)tE~MJ:j:tr7U~$~j::A?a}'JJ(;1~dfli"7j($}'JJ(;~f]7j($' ~~1*f\;*tlJ:.i¥J1::4'?JtmJ ; IT aps~,8ps if 

Lembus Sarcophaga ]5z Vorticella campenula; .Bps ~if Dinobryon sp ~ Loxophyllum 

helus ~ Lionotus fasciola 1Jz Euplotes patella ; aillS ~if Brachionus rubens ]5z Pleurosigma 

angulatum; TIIT pillS ~:fr Brachionus plicatilis ~ Chaetoceros ojJinis" Oscillatoria boryana 

]5z Scenedesmus sp ; ~1f;: os ~"J!Ij:fr Guinardia fiaccida "Biddulphia mobiliensis ~ Nitzschia 

" paradoxa ~ Setella gracilis ]5z Clausocalanus pergens 0 

(6)Biotic Index ~ BIP " ~~thf1::!f?aZ$~ ~ :f1lr!f?a{~wl£!f?a~fiU1w!f?a~w1'!f?aZii~Jtml~BOD 

:frli! ' ~l'iJ*ffij'l'j~~!li¥J*!J' 0 

(7)~~fzsFfJ:j:t , $~~~~~~ ~ $~~~~~~ifmt~i¥JilUUij)ll\lfiA 0 rm BOD ~COD ~ 

BOD ~~w1::!f?a$~t\l( ~ BOD ~*~mJ)( , *~m~*~m~;;ffmt1fi¥JIiB*,UJij)ll\lfiA 0 
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(8);fj[4t1'I'i¥fi'W1:4t1i¥J~-i:~m~ .. BOD ~ Ciliophora .. ~Ii!~li!jl!df'l.-i: .. Ciliphoro ~»mm 

~4H91H~RJ(;IE~§JijJ 0 rrnm~~~1i! .. m~~JilIIl:r¢l.-i: .. BOD~1i)'fl .. COD ~i¥%lt~ , JlU~~:1f~ 
~§ JijJ z JijJ 1* 0 

(9)3IM:1f~4t1~ .. #Wi1f'lli¥J{tJJ4t1~iI~A ' l:i.'t,Ht~~&;\@Dtfl~zfUffl~lJ&Jtt( 0 *Jt1JQ~J1ilf 

~fUffl ' ue:RJ(;~j(~i¥Jii:*,-+ 0 

Q.o)~J~14Mz7j(~ffij~ , Jl.U-Jttlt7K~ffl7j(~~i¥J7j(~i1ll;*ff!~ 1 ppm ~3'I] 0.6 ppm :::t1lJ ' 

¥~ COD .. BOD .. m~ , mtm~:& pH fflXEi¥Ji1ll;*JlUtt·€t·J~ 0 

(11)1*~~' m~m7j(1lJ~~12)I~ 0 ~~~ , fJ,1lJ~~14)I~ 0 1tO!±~ltMR~l§tE~14)IMTZ 0 

~'~4 1$ 

*1ilf~I{'FjJ:~*iIJ~*m¥r,lJ1:::tif" ~!k±~:J)t .. i*~M~:J)tzf~m ; :!l1lWrrj,M~mllJltjq]E 
*J3.iit .. ~~Ew)t;40Z5z:f,f ; ~*m1ilffflS¥iU~1J;rr.l!lIj~:J)tZSif=YIDZI!J ' iil[!~*:Efo~l!lU~:J)ttffl!f~~~ 

.; ~m%ffl~fftjq]ttEI{'FJ::z*ir=Y1J~; :&~*~wt?Jf~RJ(;ii[ .. 1lJIt~q:.={ft?\:;1:zMbWJffijt~7'G 

Jilt 0 ~Jlt1!ifc~-m:*iMtx 0 
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Sl:udies on l:he Arl:ificial Propagal:ion of 

Bo/eophthalmus chinensis (Osbeck)-I. 

Observal:ion on I:mbryonic Developmenl: and I:arly Larvae * 

JJ!- -;z · ML 15 ~5T.. • t 1r 5~ • :f~ J::. 9tIr 
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$300jkg, 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. 

ti~*,~.m*~R~*~~ •• ~~AI.M~~~~~m'~~~~.~~R8.*. 
4.~~i~~ffil,Ilt/Fo/ ' ~tm!lj[~ • ~l~ • ft~ • ~]R~ , ~!~~ , ~f!l§m#!;~.:iMJY-t)'1JJl:*I¥JJ\1t 
~o 

JIB~~5F!I,~~ Boleophthalmus chinensis (Osbeck) 'x;1; Gobius pectinirostris (Gunther) , 

ft!:;1;:reO!' B;1; A 'Y =t p 1) ,*;1; Mud skipper WZfi Jumping fish1) 2) 0 Jlt~~l!N~I±\:Jn:ljJHf!)~ 

{l1!jJ:: ' {IIJJJl:£Jf!l§§j EI=ll'i±ilW ,It''E*fij~'flj~iiUit~~ 0 t®:eJ:::gj3'%flkTtflIY(S ' 1~!t;HfiJ;~(l;tfJ:m~i\l!J[~k!'t 

* ft[¥Il;:5TJ'lTliff§'E$IHs' A-19 1IJt (Contribution A No. 19 from the Tungkang Marine Laboratory). 
** iIi~1':i'71<~tl:~J'lTJf[¥Il;:7}J'IT (Tungkang Marine Laboratory, Taiwan Fisheries Research Institute). 

*** !'I~*i!l§!J.!I!i!l§!~ 1IlIJlr!JJ~* (Department of Zoology, College of Science, National Taiwan University). 
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t\Sl¥Jt9U~!H~tJH11 ' fp/f15!;!IJI¥J~{;ffi 0 jj(llj~i§!i'fl1lIDl~t'if5]1j~~ , ~~tEret\E ' 11rlff&*;PJ::ij~\1l 0 Jr£ 
~pl(;-I!!HlE~ , :1fMg&Jtt~!JtJRJ:: 0 pl(;m:1ft£:JLilij\Ji5'~~'11: ' ~lE}6' /f£trIltlE ' M£m-~.ib 0 

Jltm~ll;t:rI!fJi ' -*Jmj;'£~'jl151~~~ , 'fm~ B ii[ , If*1f5:'(Iil11i~3007G/ :&ff(~P1807G/!Eff) 0 

3li:~lf*9=tm'fl1l~JmNjftilJi1(~I~rmrmtt~reifufi1J:i3), ~J;§~~mm~~Jii'I:?f;iflp:tim' ~lf{ltE. 

lti}\ ' nJlPJ~w~ret\EtmtE ' ~1J\lj::.J~,m~:'I:·i¥;~Wi:'l::t.~*oi ' Wi:'l:~;!IJl1!Ji1( , &~;!U~Ji1( , Jft 

m-~~M.~Ji1(.'R~gJi1(g.,J;§Jlt£m-.~.pl(;~pl(;m.m/f~,tmR*~~mfi~~*~ 

:t.mJft 0 y-. ' EEm-*/f)):l!~ , #J1'E~1I B ~!fJ. ' 1-2 em ~#Jm~ll~~ 1.5 7G 0 :1f~m-JI:t~,{~ 

14}JtHll: ' i'&~*Ff1ff9'E;itAI~%!~. ' m~l§j::.JH~:1:fl**:'I:1:~~,m ' mlR:f,t*Jltm:t..JiMi~$ 
:t.'fm~o 

*.¥IH!f1*gt19n~1?d973 

~~2f:::.~~~i¥J~*9=tgt;it:1f 
mJ lJP~1::&;itf,JJ m;fi ~ 1¥Jpl(;:ft~ 

~~:fl!fiJTpl(; 0 ~mJJltmAI~ffl 
:L;itftlJ.~~ , ~1m;it~lJP1:Jlli ' 
{)t~~lJP , H-~Zj:=tt1f~fff5{?tYF 

M\~IHI~:fl!~~ 0 

*~~m ffl~:fi~ f*~19n 
~:&1973lf7\ ' -t ' )\ , nJl fa' 

*,:J~m+~-* ' w*!m+~r£; 
, EE~Jm5E1(!1!~~}\n!~fi>JD$ 

lrti 0 Jlt ~ J;§ PJ ~liH~ 7]( 9=t ~[lZtJ:: II'f 
I!& ' i'&:tiJm1~1'i 0 :fi~, -~~1l& 

*53-fiJT1& ' ~p{:t(1:ffl:$LM~/fJ8l 
~5]1JiIflfE 'D$ (Fig. 1) , 53-11~ 
1t{1J')j 45 £ ~ :ft:1:f%lM~tffi ' fffi 
J7cJMO/~'fl"kW7j( , j::.J/f~lH&i;it~ 
JL{:ftM~~ , M1iXlM~lllii"{~;it 
1I!}~,2Jtl 0 :fim~~IJ:'I:~G~7Ulm 

Table 1 ,-JlIIt~~, Jl:t~R~ 

/f* (Plate 1-1) :3t:ft*9tt10-
20 em , MtJ::tE 20-50 g 0 1I:l~ 

GSI tE 0.06-0.10Ia' , Jll1ItmGSI 

jl,U~fi>J ' tE 1.58-10.69 la' 0 

..::. ' ff i1 f.: ~).l[ 
Jl:t ~ ~ {Ji~~ lJP ljf. i*~0f!j; T 

fiITm~~J!IlFJT~ , :1:fl*;fP~fflm­
-~~~~:f§J8l ' Jl:t*ljf.~fflft 

" <',~ 
.':~ 

Fig. 1. Difference of the urogenital papilla of male 
and female mud skipper, Boleophthalmus 
chinensis. 
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mR~.a~w*w*~~~~~**o 
Jl;tj(S:~7G* ' 1b:1iTIm~~f!I!:l:i%9mJfdrr~S: 1/2 ¥ 111!l1 ' tmJ:: Synahorin 5¥ 10~%.ft[{}r!W 

B,@.~ , j\t*f]f~*~- S tT~-it ' ~=- s iJ~=it ' ~\m s *${0BIlJII~tU¥Rg~~fJl! ° ¥~tg 
~~}J!tEf~*i¥J1iTIm~~f!I!.m.:&~Ff3'~~Ff3'JW{)Jf~Hl~J*W-f ' ;JtIjtl§~g;iJami:\!f,i¥J1J1$; 0 y.. ' ~JmJi]f 
rmmz§::'f!I!~1!!7j(1it¥:m~71(m,~m:71(j(*~=$w-*?JJ-:~N41z1kJ!:tl-*z~~ 0 

j\tmt,'t;ff~J!i&~IJl{flHWtl§*:l:II~fUi;fFg~* ' if~~~1z1kll\tl§~~:g~~i3g\G~ 0 g\G9f!\g~~fj\M 

(Fig. 2-1, Plate 1-2) , #Pi'!tE 0.5~0.6 mm ir.:i5 ' #Pl'(~~~5' ;ltfq~ft~na:C'5niL , j\tJjPJ($ 

{51W'JfrS~$z2/3 0 gB~z-i'ilffiA~-:ljl~J~MiT,ff; (adhesive filament) 'l-lJ*~mm-tt?JS:l:' ilf,)JlVL1:!f. 

~11M'I:!f.JjP 0 j\t;mz,¥JjDJH{'JtEl~3f-IUiL ' !@ffi/f-;tl§-*~$~r±l ' 4l}4l}~M{fil1H51JjrJ*iLtElJlfq , iW%U 

zJ!izr±l~Jjp , ff,S*Ji]ft%Jj[i*iL7GiH- ' 7Gtl§~m 0 t,'7GM%IjW~oo:~JjPtElJlfqM~T1iTIm~itM • ~* 

?Jl\J;~7G3lf~ 0 $~41&{'F}J!1~AZ~W ' 11¥t~tl§§:l:fUfflJ!~zJjJl*iL 0 

j\t;mz#P , ~fjl!u€:)j0il\lV05j- , ~n~W3l!zM!1l'[ (blastoderm) , #P~~I:i~jPJ($5j-~fra5j-!Il' Jjp 

Table 2. E:mbryonic develop:ment of :mud skipper, 

Boleophthalmus chinensis. 

Developmental stage 

Enlargement of blastoderm, seperation of yolk and egg 
membrane 

2-cell stage 

4-cell stage 

8-cell stage 

16-cell stage 

32-cell stage 

Morula stage 

Blastula stage 

Gastrula itage 

Blastopore closure 

Embryonic formation 

5-somite stage 
Kupffer's vesicle, formation of eye vesicles and fin fold, 

12-somite 

Tail free from yolk sac 

20-somite stage, optic vesicle, movable embryo 

Formation of eye lens, choroid fissure and otoliths 

34-somite stage, heart beating 

Circulation of tissue fluid 

Formation of digestive tube and urinary vesicle 

Formation of melanophores on embryo and yolk sac 
Appearance of pectoral fin, formation of one to two large 

oil globules 
Appearance of air bladder, active motion of embryo 

Hatching 
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Time after 
fertilization 

10 min 

50 min 

1 hr 10 min 

1 hr 30 min 

1 hl' 50 min 

2 hr 20 min 

4 hr 30 min 

6 hl' 

8 hr 10 min 

10 hr 30 min 

10 hr 55 min 

11 hl' 45 min 

15 hr 56 min 

17 hr 40 min 
18 hr 50 min 

20 hr 40 min 

22 hr 40 min 

24 hl' 28 min 

44 hr 40 min 

50 hl' 35 min 
58 hl' 20 min 

64 hl' 40 min 

65 hr 50 min 

:w.T. DC 

28.5 

28.7 

29.4 

28.8 

28.2 

27.9 

28.2 

27.9 
28.1 

28.7 

27.9 



%1$i5.1tf,'.Hij):fjf:Ql(l\:k ' zp.;li§~~i\19~ 1.05 mm , 9;lH!U9~ 0.6 mm (Fig. 2-2, Plate 1-3) 0 

:tE7Jcmi 27.9~29.4°C ,!f!5.t 14.91~18.50%o :&TJ~;3'E5.ttrmzr' Jltmz~~:9~z:9~fg~1:: 

(embryonic development) ~~-?1'j§ltlf1f%j$;t(\:l Table 2 t-)J9:. Figs. 2 & 3 ;flJ Plates 1, 2 & 3 0 ~~ 

1&~505.t ' :9~~fzil~-**lllllEl5.t~ 'rm~=*lllllElm (Fig. 2-3, Plate 1-4), W~ 20 9r ' D~=* 
5.t~rm~IZ!HlEllElm (Fig. 2-4, Plate 1-5) , tlllJlt4lf~209r ' ~~D-*9r~ , ~~1&~ 2 'N~3Z.205.t 
~p~=:. -t=*lEllElm (Fig. 2-7, Plate 1-8) 0 ~:9PJi'i~UlEllEl'1m5.tZ*/J'l:t;{7~ (yolk-cytoplasm a ratio) 

i\19~3 : 20 

~~1& 4 'N~3Z. 30 9r~Pil!LA~.m (morula stage),' ~:9PJi'i~!fHlllllElm~5t*/J'zl:t;~~ 5 : 4 
(Fig. 2-9, Plate 2-2) , ~m1k 6 IN~~n~llElJffM (blastula stage)(Fig. 2-10, Plate 2-3) , 8/N~3Z. 

109r~A~JfEM (gastrula stage) (Fig. 2-12, Plate 2-5) 0 10/N~3Z.309rft:;t , )Jj( p (blastopore) 
BJ!M~ (Fig. 3-1, Plate 2-6) , 10/Nlif559rJfEtlfJJJ!%pl(; (Fig. 3-2 Plate 2-8) , ll/N~455.tB 

1lJ1!.~JIJM'1m:&'W*Z5.t{t ' JfEtll=j:l1<:1iBl±lmtUiJ ' ~ 5 R-ijJM (5-somite stage) (Fig. 3-3) 0 

Jlt1& ' ~~'§il¥;fil±lm ' JffR-"$~m;!i~ , lfE~~15'N~ 56 5.t ' Kupffer's vesicle I±lm ' ~~ 
llEl (eye vesicle) :&~ffl (fin fold) "$i\Ii*l±lm (Fig. 3-4, Plate 3-2) 'R-ijJIllB~12, ffi1k1ff 

R-ffi'mlJiltFl'l:9P'Ji 0 18/N~505.tR-\1!P;!i~20 , JffR-~~!llI,niJ ' I"JIlifJfllEl (optic vesicle) 1lJ~J¥ (Fig. 
3-5, Plate 3-4) 0 20/J'1lif405.t~~:QI( (lens) ;flJ choroid fissure t-J:&Jf::S (otoliths) :l:~l±lm (Fig. 
3-6, Plates 3-5 & 3-6) 0 22/j'1lif409rR-ijJlll)'!!;!i , ~~34 , IL\Ili~frilf-tlb (Fig. 3-7, Plate 3-5) 0 

24/j'Ilif3Z.285.t~mlll~Z 1J§~m~ 0 ~~44/j'1lif405.t ' 1fil1tfJfili:&tlFM:}Ll±lm (Fig. 3-9) 0 50/N~ 
355.t ' e*llEl1JJm~JffR-~gpJi'illil: (Fig. 3-10, Plate 4-1) 0 58 IN~ 20 9r ' Jlf4J~ (pectoral fin) 

"$B1lJ~J¥ ' )Jj(*z/N¥iL1Jl:l3*~I=j:lRlG~1~211J'.l**iLz1Jl:l;f~ (Fig. 3-11) 0 64'j'1lif405.tml¥ (air blad­
der) BJ! (Fig. 3-12, Plate 4-1) 'lffR-t~ffi'1m~fF~r.l{z&.~i!J 0 :iIlt1& ' lfE~~65/j'llif3Z. 
509r ' Fl'lfrilil¥;fiPJlf{t (Plate 4-3) 0 gJB!{tJ";'flmllifrf'l'IZ§7J(mi ' !f!9r/fl"Jrm;f.fFJf~~ , -rut:tE65/j'1lif50 
9r¥86'NI~159rzrf'l,gJB!1±I 0 

~/N,*~Z1rH!f3) '~I1Xm:~i¥J~~:9P;f.f1E~:9[J:&~T-:9PZ5.t' ~PJfER-liJ\'1m:&:9~~ytllM~*-*ljlfJ*§ 

&=)lffij1li~1E~:9~ ; &Z ' liJ\'1m:tEffl~*-*~~zl"J-)lffij1li~~T-gp , rm~~t-J1E ' ~=;fl:9pz~~ 

l:t;~{'F~#'UIftJi~PRlGw'\!fZ{;&~' ~~1E~:9P~1li ' ARlGw'\!fl$(~ 0 Jlt*'£"~!ll'a~~z~m:9p"$;f.f1E' 
~=~:9pl±lm ' mTtJl!.~:&~.~=* ' ~1E ' ~zlt~M/f-:xE ' ~:@Z1Ec,~:9P~~~T-:9P , 1lif:@Z 
~T-:9P~~1E~:9P , M1i~gpfg~~z~~:&gJB!1t"$*J!;f.f!f,fJJIJ~iil ' IZ§Jlt ' 1E ' ~=~:9~zl:t;~ 
~£"~!ll'a~~rm j§ -tlll~ Periophthalmus cantonensis3) -~1tl"f/fJl,,!f,fJJIj~~ 0 

:9Pil\¥~l:ill!;:9pfg~~~~1& ' *l~~~gJB!1±l ' ~~ SI!. ~ z ~ =* 3'U till Table 3, Fig. 4 W,:& 
Plate 40 

gJB!I±l~-::Ri¥J*l~ (Fig. 4-1, Plate 4-4) , R-jjJIllB~~24 , :lf1ipl(;ml"Jlll 0 zp.:It]~~~ 2:664 
mm , :9~Ji'i1'£ 0.36 mm , 1Jl:lfj(1'£ 0.14 mm 0 B1lJI!.~351j cleithrum zl±lm 0 ~-::Rffi3!fzllif ' 15 
J!PZ5.&~o 

gJB!I±l~=::Ri¥J*l~ (Fig. 4-2, Plate 4-5) ~fril:J)tTm:7Jc~il' !J±_~mgp~*,IlJWi-Ef*f 0 zp.~ 
~:R: 2.830 mm , :9flJi'i1'£ 0.33 mm , 1Jl:l:Ql(1'£ 0.14 mm 0 

gJB!I±l1&~=:'::R ' ~zp.:It]:j£:R:~ 2.770 mm , BZJ!l:t~=::R1li~'J' ':9PJi'i1'£ 0.28 mm ,ntIf'-R1'£ 
0.14 mm (Fig. 4-3, Plate 4-6) 0 FJfs:tTZi-Ef*l-~m:7J(Mf<il' !J±_~m:9PtJ:&~~M-ro ' *lmli5n 

~~,m~~~zi-Ef*l-~*~¥~~o 

~Jm::R*l~ , zp.:It]~:R:~ 2.888 mm , g~Ji'iB}L["flf'4*: 'Pi1Jl:lp:j\f,!Uff: ' 1Jl:l:Ql(1'£ 0.08 mm , l!f 
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Table 3. DevelopDlent of early larvae of Dlud skipper, 

Boleophthalmus chinensis. 

1st day larva 

24 somites 

Developmental stage 

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.=O.33 mm 

oil globule dia.=D.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.=O.078 mm 

Time ater 
fertilization 

68 hr 10 min 

82 hr 35 min 

104 hr 55 min 

129 hr 20 min 

152 hr 10 min 

W.T.OC 

28.0 

29.1 

29.1 

28.6 

29.0 

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

of 12 samples. 

1li:&~1~m~ (Fig. 4-4, Plate 4-7) ° ~$1\UM'F5gH'!!~mmilJ'm~1!t~~~M/f~)'iJT:J)tfol~jIt;jSj-' 

ffi1JfbJ1t° 
~1L:;R;jii~zp.~<£-Jjtm 2.850 mm , i'8rb~~ 0.078 mm ° 'Ill ~ f§ ~ j"l'J' :& 'f1ll1l (Fig. 4-5, 

Plate 4-8) ° 
tmi:PJTmt ' Jlt*;jii~~P\(;-Jjt'lJlfM/f'illW~, ' m~,§1*Wll1f~~{4 ' '§J51i<5f~~ , W:MjIt;jSj-~~ 

/f*~~'i'f:f'f41&~~-:jj7l*Wo 

:$:RMm1iJf'1i:JiU({Ml\l.~~AI~Jif[i'fJmr,mm~-*~U¥IF~~- , 1*oc1972f$:&1973f$]l*=~~ 
~~* r:p:1fJm,g~~1::&~1YJ:M;jii~ fl'jP\(; -Jjt3@~~W)WP\(; ° 

l.Jlt~~,gp~~m 0.5~O.6 mm , ,gpjlf~VkJ'ie ' ~j7g:1fft1Hm;r;u.1L ' ,gp~~-tcffiiJl:1f-~*6 
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~*~ , 1*)J}m~m~'Ij:~~ 0 

2, ~m1&~~1051-. ' ~~~!'/i3,~~1i1m51-~P€151-.' ~~M1$~:mW;jjff~ll1\ ' zp.:li.1*1!!~:m 1.05 
mm , m1!!~:m 0.6 mm 0 

3.:tE7.kl\\i 27.9~29.4°C, 19151-14.91~18.50%a:&TJ:-),3't:51-tr~~r ' ~m1&~~5051-f!p~P€1m 
-**IIIJl§51-~ 0 !lt1&~~~2051- ' fj-*51-~ 0 ~:m1&4/N:!f.:sz.3051-~P~A~.:M ' 6/Nli'f~P~Jl§Jlf 
:M ' 8 IN:!f.:sz.1051-~A.JlfWJ ' ll/N:!f4551-~ 5 ~tpWJ 0 !lt1&'4§-~rg~jJ/±\m, Jlf~?fF~i\li** 0 
22/NIif.:sz.4051-~~It~* ' ~~34 , ,L.,IfIImP€11titJ ' 24/Nli'f2851-~m~~~m1lflm~ , Jlf~1l1~P€1 
f,JEitJ ' 44/N1:!f4051- ' T~Ht~3r!:&~F1!!!::rL/±\m ' 50/J'ffi'f3551-~~Jl§Wm1nJlf~:&~D1i.l: ' 58'J'ffi'f20 
51-JlWJ~?fFB1iJ~}f , 64/J'ffi'f4051-~:liMnlt ' :/li1& ' lfE~m65/J'ffi'f.:sz.5051-~P€1~jJ9Jlf1t 0 

4.~m~D:fllE1it9D!'/i3,~T~~~~1j , {§.:;fJ;-fI;!UDP"l~~~~~WtYJlf1t 0 
5.!It~~91lJ1tFJf!$ffi'fF",' , 1ZSl7j(l\\i ' 19151-~:;f[l1]ilTI:flFJf~~ , -lW::tE65/J'ffi'f5051-~86'J'ffi'f1551-~ 

Fdlm/±\ 0 
6.gJlf/±\m-:Xi¥Jff§~ , ;l'ttUpItB!'/i3,nlt~[l1]1t ' :m24 ; zp.:li.13t*~ 2.664 mm , ~D1i1!! 0.36 

mm , ~f::.K1!! 0.14 mm 0 
7J1lJ/±\m=:x, !=lB~~,zp.:li.13t*:m 2.830 mm, ~m:li:xJW~ 2.850 mm, §p~%3tmE;K 0 
8.!It~(flf~~A1f'~M:;f~3J:[m ' 4-1&l#f~~~1L~IgI51-fl1l1ltJ.:&W:M~*4{'F~:fl~~~W 0 

W Ji¥ 

*~~~~&~~~~~~w~~~:&~~~~~~*~~'~~~~~m~[l1]B~~~T:m 

jji$l::m::k~l'&Rb ' :Jilnt!f51-FJf1it4Jij'Hfl.mIJ;!J~3J:[IIIJt ' .:sz. ' l.t~*"'ib~J~lbf~~~~~m[l1]"'Mi* 
~~1it~!'/i3,1m51-~~I~'~~1n!lt,tJ.~~~o 

:/li1&,*~~.!It~~-$~~~£~'~~~:&mn~~T~~~IJ;!J~m~~~o 

~ ~ 3t at 
1. ~,*l'H~~ (1964) 0 ~~O)Mrm c~71n[ , :EiIF.fifJi5 ' Ji:Di\ 'p. 8460 
2. T~l1ffi' **~:!f.} (1962) 0 {tJf;j5:iJiiljjJ;\j3!t , *m7.kgg , m 238:M ' 9~11 0 
3. 'J'**9;Ilti" 3r!~{f1ti • =rm1a:!f.} (1972) 0 r 1::.' /" 1::.. O)§P~1::Fo J: O:*lfffO)f.il'f? ' *iIF.f::k 

"'7j(gg.mHjf~~:i'r ' ~33~ , 49~62 0 
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2 6 10 

3 7 '11 

4 8 12 

Fig. 2. Development of fertilized egg 

2-1 Unfertilized egg. 2--7 32-cell stage. 
2-2 Fertilized 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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1 5 

2 6 

3 7 

4 8 

Fig. 3. Development of embryo 

3-1 Closure of blastopore. 
3-2 Formation of embryo. 
3-3 5-somite stage.~"~,-:: 
3-4 12-somite;stage, formation of eye vesicles:and)in fold . 
.3-5 20-somite stage, formation of optic vesicle. 
3-6 Formation::of lens, choroid fissure and otoliths. 
3-7 34-somite stage, heart appears. 
3-8 Increase=of body length with tail attaching to head. 
3-9 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. 
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Fig. 4. Development of early larva 

4-1 2.75 mm in total length, 1st day after hatching, cleithrum appears. 

4-2 2.84 mm in total length, 2nd day after hatching. 

4-3 2.81 mm in total length, 3rd day after hatching. 

4-4 2.95 mm in total length, 4th day after hatching, liver and fin ray appear. 

4-5 3.04 mm in total length, 5th day after hatching. 
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'it ~~ ~ifl ~ i~ ~1t·)f )Mt !j ~:<.. tf 1;[ 

St:udies on Elect:ric Shrimp Fishing-I. 

Effect: of Elecbic Shrimp Rshing on Shrimp Populat:ion* 

tV '#t 5~ • ~~:l: R • }JJ--7-... 
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 aIid 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 harmful 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 those of normal hatchery 
L _. . 

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 

* *m:5H)Tliif~fIH!fA-20~ (Contribution A No. 20 from the Tungkang Marine Laboratory) ,:<I>: 
fIH!fZ${5Hf~1973&f5A 12 E ' :tE~4@Wil~~!fmf4~~jt1W*Wil:5T1W7JMi~~!fm~~liifllt1W~!tj\{ 0 

** il:i!!fi!l71<g\Hi't~.§T*m:5T.§T (Tungkang Marine Laboratory, Taiwan Fisheries Research Institute) 
*** *mJ!:ft1£~~ft~jt1W~!~UI3. (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 C12, CuCl, CuCle and Cu(OH)2 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. 

S. 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. 

"1!VI9~ffIlm~l1.\l.tk" (electric shrimp fishing) tE*1lii'B/ff-t~:$~~~ • ill51}(a45-1rOO~r±:!&; 
~1ifd&m:=:$~* 0 -JfifJJ1*S:!~t&rmr=p1:JHl1.\l.~~~*1n~Wii1i-t-:$t'f;t;~ffl ' ~IKfS:!1ntE~iftlt!i 
f'j{'F~~~~:rJ~Jt~ '.{lL~al:l:El1'®i~j; '~~~nffl-~1!t~'ft~1n:rJJl:~ttr~mr-~jjI§' 

mJ: 6V (1*%') ~f;!f1!t~lAffl ' *S*~al:l:*Jt, 7F~~1!ttk~, t&qj(ffl1~ib1!tViE (oscillatory 

current) , *S*~1!t$J(j; , ~al:l:#~' lZS!!lt ' fUffl~ib1!tViE~1~ibr~ffIl~~~ (vibrator type 

shrimp gear) tEr=p1:J+I-tm~§Jffi1lIT:B:\j~j;t!rfBtl*ffll) 0 

!It:fi1!t~ffIlm~$\tk?JT~~ilnil. ' ~.{!& ' ?§£~~ , t&~lt*Jt ' 7F~I3UJttm35:*9=a~~ 
~rmi1HI!if'j{'F~ 0 ill ' ~lt!if'Jl1.\l.~/ff\lR ' 3Z.S:!~7Jc~j'lJ~~~ El ~Jt ' ~~al:l:1$ij; , lZS!!lt1l1H7J~~ 
:rJ~Jt11I1,~JJ35:lt!i7l-{'F~ , *s*pl(:3:$J(lt!if'j~1lT 0 ~~El=! 4 hp Jt11I135: 30 hp , ft!HI"~{'F~ilili~# 

\SJi~A.* ' t&1n1i-t 1\.:$~tt~~7l-m{'F~ , 1lIT51~~:I:1hl1.\l.~~7F1rlIli ' lZS!!lt:fi1!t~w~l*\tk~~al 
:I:$J(~:I:1hl1.\l.~?JTffl~w!j:rJ~!l!~al:l:~I±\!m~1Lfgf , ftl!.fr~ij!g~j:),!lt:fijJtkmi~{'F~ , WJitm~.~~ 
-tm~~~1t~ , n:J~$\*i*m, r~F~~:±'~~lm~ffE' 7f;;1~~flnt~~Aftl!.Jfvl1j1f:;ZjJi* ' i*:Ji!l7Jca;: 
1itrlt~ 0 J 1.i,s:! ' rPJ::~U1mij(f&' ~w~.isL ' ;a~~\':~fpJ~~~Ilt'I1l' ' MfrFi'J/ff!mA~l±\m ' il<t 
* l3 r=pF'I'I-tm;zm~l£:rJm:&$\~1Q1' ' M~tk~b'l'!J!I~ , jg~ffitJ!tlJt1lii'':ilRJ4J$!@4J~fttHp~w~J¥ 
isL~.tl::~/ff1!t~~il;z~I£*,~L~1±\ ~{'F~ , It~fr;.r=pVH-m~~;z~m 0 lZS!1lIT1!t~trM~rR~JW::t51 
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Je9~fVJJ~mJzm)fl 0 ~TII:Rq,1:J'I'I-~;1.U~,z1:m' tE~~;Jifj!lll!t~W~~~"*~*sill\tril1J' l''l'f 
flU.lA~1'F~ , ~Jl;!: , 7G11iq,V+I-jIg , ~ftl!:Pr:l'Ni ' *~ , ;:fjJ~~jIg:$*9H;)H1J~mi~J:~~Wtvm 0 

§ lW~ti*9~="flil~Uc:t1z.~i\':fllOO~m~~;Jifj!lll!t~W ' J3JflH7J-!lll!t~i\':fllOOB:li~ 120 hp , M~m 
Y':W:Wt~~ , ~1Jit 2.8 kw :li~ 40 kw , Iit~~"Ji:~z!ll't 0 

~~J:3z!tzlV.Wt~ , ~~~7Jm:;<J~ljiJtffll.~WZ-7W7U1ff~ , *m;I*~iB~~ffIl!lll!t~W~ 
!RHJlIt~~z~ .. r,,'Jill 0 

- 'H!Ar#-~1R (Gravid female) : 

~m\l'l* 17-18cm , zp.~\l'Im 120 g zJ1\Gli!Mft~p!lll!t 0 ~um 50 x 27 x 22 cm z~:71G!1r ' ~ 
q,mmr]:l(U!mr~ 0.2 mm , * 6 cm z$IRJ*~~~1'!ii ' 17fJ~~zrdlJf.§li$~ 40 cm , m*.%~ 31.26 

%, , ~~~~Z-e.U!~17fJ1'!iiq,rdl ' J:-J~W:5!il~ 3 A ('t(J%) zmrw:~ (direct current) WZY':W: 
~ (alternating current) ~~ , ~m@:W:~Ilif:eJHiflljiJ]~1'!ii' 'fJ:-J~~1:3t~~O.5 ton z!l'l.lw.l!I!l~ 

7j(t!q, , .~~Ji:,g~:Rgjlf1l:~~'tj1j-% 0 

--=- , ~r (Egg) 9 ~~p1(!J~ (Nauplius) ,aFl1(!J~ (Zoea) Zl#~:fiJl1(!J~ (Mysis) : 

~mZ,g~~Ji:,g~1:3t~3@J 1-2 hr z~~p!l!\l( , nffi!lll!t~Il~!I!\l(,gp; ~~p#J~~m~~p!lll!t~~P#J~ 

Zm-:ltJt&~~\l(zm=M ; ~#J~:R.!lll!tMi9J~j.'{U~~m~~M\l(z~Mi9J~zm-M 0 ~~f*tE 

1000 cc ~t,fq,~fJ ' ;j;fq,]:l(m* 600 cc , ~m17fJ{~zp.fJzrn:~ 1.6 mm , * 9.5 cm z)'i~I"l~~ 

~1'!ii ' 17fJ1'!iit§Jf.§ 2 cm 0 ~~*i\i~jJ~"zlA!jft , *'f~:tl7GJP]5!il~z'tltfiiE'tIt~1:3t ' :v'??<U~J~JTB"Jm 
7j(, ~~lAl*1:J1\G~~"~' j.'{UJ:),1G'fJ:-J'tIt~1:3tZm7j(~~ff~~zm*~folwm7j(, re~J:-J~~ 
Z,g~:R~M#J~]:l(A~q, , ~ •• ~ 48 hr 0 

..:::.. ' {i:fiJl1(!J ~ (Post larva) Zl;fft~F'{ (Juvenile) : 

Jl;!:M#J~~m~~p!l!!lI.z PI (~J1\G1:3tMi9J~m-7(~) :R P20 (~nx:1:3tMi9J~m=+7(~) 0 *l 
!I!!lI.j.'{Ij~m\l'l* 2.2-3.0 cm z~np!lll!t 0 'tIt1'!iiI*tE 3000 cc z~;j;fq,~fJ' ~q,]:l(U!m* 1000 cc 0 

'tIt~ PI 1*~m'tlt~,g~ , ~tip#J~~IlifFJf~mZWtvm ' gD~m17fJ~zp.fJZ@:~ 1.6 mm , * 9.5 cm 
z)'i$IRJ~~~~1'!ii ' 17fJ1'!ii:fflJf.§ 2 cm ; 'tIt~ P20 :R~!I!\l(1lif ' .ll.1j~mmr~ 2.0 mm , * 15.5 cm z)'i$IRJ 
~~'tIt1'!ii'17fJ1'!ii:$'fJ:),zp.fJ'~Jf.§~~2cmo 

v:1 ' 1K~1R (Adult prawn) : 

~m\l'l* 7.6-9.5 cm Z{ir);!I!!lI. ' 'tIt~Ilif1*~{ir);!lll!tu!~f;j~ 5.3 cm zl!l!l~~q" Jl;!:l!I!l~~q, 

ra'~-T%}*M ' 17fJ)li!H~ 90 0 L%}*M (Plate 1) , J::tlI~1'!ii~J:-J-*:tl7GJP]5!il~z 'tit fiiE1:3t~A 

0.5 ton !l'l.Iw.l!I!l~*t! ' .~~'1*1lFJf~llifra'Mi!t~ 24 hr 0 

'tIt~mz'tltW: ' @:W:~1*~m 12V ' 120 A/hr ('t(:f:%Ilif) zi!t'tlt?fu (Plate 2) ; Y':w:'tItj.'{IJ~m 
§~'m:jJ~I'I]~Mizll0V, 60U!1!!¥BOZ~~m'tlt ' W~ElIl5't~~~(selfcoupling transformer) 
(Plate 3) ilffll~~ ; :J:JiHilJ'tItfiiEf*J:-J 12V, 120 A/hr i!t'tlt?fu~~~' if,¥;fJiHilJr (vibrator) ~*ii~ 
(Plate 4) , IlJUfJ'tItw: (pulsed direct current) f*J:-J§~~1J£:I'I]~Miz 1l0V, 603!1!!¥Bt~~m 

'tIt~'tIt~ , ~llJlHifJ~W:Ji:1:~ (pulsed direct current generator) 1~Mi (Plate 5) 0 

~m@:fiiE'tIt~~1lif ' ~~m7j(q,1i;~~:i:z~Mb~fJ ' itlPJ5IJe9~M ' ~fJ]1$r~rPJ~1'!ii ' Mm:~ 
1'!ii3il~-W!'tItTmiJ1\G~~~fJ ' ~~~fJ1~'I*B'J5f1l7j(f'Fmmi~~-~~11::~fJ~¥I~ , ~~s:pj(q,~1±l ' ~ 
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.~M§~~.~~~~~C~3~m.®~M*· 

~:tmr: 

2NaCI 

2Na++2e-

2Na+2H~O 

2CI--2e-

-)- 2Na++2CI-

---+ 2Na 

-, 2HaOH + He I 

---+ Cl3 i 
!l},)j& 

r,:;i~ 

~~m~~~m~Wft •• ~~ffimom·-~m~~.~~h~ffl~m.ft •• o~ ••• 

1lt.~ , m~.~I±\ff<1~' {El_~.RIJ1!\fi~M::~I:H ' .ft:\ljJ,&ll:_pX:~~~*~ARtf~jill'fIJ~fFm ®'otpX:JH'~ 

f3~jJ\1r.~ (CuCIJ '1'tH€ljJ\1r.~N'fIJ!~.1::pX:;Z~~1r.$Ps{'F Jll ' mitf:_pJZJ1E~5~~;Z~~1r.~ 

[CU(OH)3J rm~JnJ:Jlf ' ill:Jlf RI11::pX;m5151~~*llWI~~f~{lf. ffl;Z ~J{ff<\f3;z~1r.illi~ (CuCI) #l' 
~'fIJBf3;zjJ\1t!ffi~ttJ,1{ , ;ttJXIJ!~t!rlr : 

2NaCI 
2Na++2e-

2Na+ 2H30 

lCl--2e-

CuC13 +2NaOH 

2Cu+C13 

- , ~t 't' 7J lJt!­
Hf2~nm:~~m~;zJmf* : 

---+ 2Na++2Cl-

---+ 2Na 

---+ 2NaOH+H3 i 
l~t1i. 

+Cu . ------ -------+CuCl, 

---+ 2NaCl+Cu(OH)3 

-.; 2CuCI 

~lfIJ~~:M~Dm:~Qtt!T-*1i1lt~1&;Zi*~n'mJf~ , frnftffUmlt ' ¥J!f1r.:lfi ';~ 711 frn Table 1 0 tzll 
Table 1 rJf~ , l:-JmrViE'Iltll~5tViE.f\1'if~ , 'l'ftVi[i~Jl~~ 3A , 'i[f~ 1-3 sec' *fL5!:: 6 t~£X'1~iHl£~rt!-l.ljll 

m:~*~T -}'f!d9.ffi.ljDY'f- ' Aim 5 j?,tt1E'i~Jillw.ljnJt.gflflr. ' ¥flf1r.~3Jl~ 68.1-90.0% ' 7ffJ£1i~Jlt* 
*1Jll1lt~;ZJ;t~m ' 1lL*1l-JiY,tf,E~.l'li~wffli'f;zgflf1r.'4;l , @p70-90%31. 3)7f;.fElJ: r 0 gflf1r.1&;Z1!\fi~[i 

:fdJ~~123(;Zj:tf~l'pX;. M3 (~=-WJ'fLl€.WJ~Jili'at) ,jtj=11 Nl (~-:ltJl1!\fi~[i~]~) :'£ M3 ;zr~ffJfi 

f.fb29.5-71.2% 0 -~::k:W.~~'l«1~J£1'iifli'f;Z~1f:lfi N1-N Il (~7\Jtlj1l\lifri:fdJ~) j1,90%, Zl (~-WJ 

\llUb~) -Z3 (~=-JtljmH;b~) n30-50% ' Ml (~-Jt!j'~lt.JtljY,b~) -M3n70%~)· 3) , I?SIJlt ' 

m~J;t:MJjnm:. ' 1£),1!\fi7f 11!Jj!;!N 0 

§~.~mWJill~~M.~,+lt*.m~M~~~m;zw.;z •• '*$ffi.*~*~-m 
~~fi;Jfj.ijfJttm.~~tm~J(~· 0 Y.tzll Table 1 pfrji; , 1l1~:fill.ljIJf5):!l!!\l*fj* ' w.Ejn~il1Ii~ 83.3 % 0 Jlt 
*m~Mfi~;Z7f~»M~;z.~*~~.mAff~~ili~~~.~~~' illNl-M3~~ff. 

:!;p~ 29.5-71.2 % ' Pf:J:iltF.~;lf;z'ffi:lJtU~.'nr1!i!mllillpg~':ti:i~x ' 'tYL'lJ)!Jm:i!I£;z{lE~~~Jj~fj;l,:1f£li:~ o-~ 

f,E~~~[i.z*:i:~M~J!~.!l!IR.;zmt.ljjJ41tFl'f:~i{!& ' LfW:lj;l,nJ~-Y1iFftltiitrjl.lt5li!{JE~@:.gn;zliJJ-f* 0 

2 . .lj~l}il.f\1ljljt;zrm-f* : 

~T~./f~jP]5!l\~;ZmlfrE'nlljix1&~:J;iE~MIR. ,*U(;T,!£&"MIp.;z.ljrl , Ti'-A 1000 cc ;z'~;jq~*iJ(z:r' 

~1E5HT~ , ~ 12-13 hr 1&iJl.%YiJtgIlf1r.'I'jlff~ , JUri'*YUVn Table 20 s:(fable 2 Pf:m ' 1E~ • 
.ljWifi'itViE5M~1J!~"£ 3A, rmrtti~fliJf,~t\Uit~ 5 sec fr:j' '!il.f!f'jfj;l,fl~f.l;zYi-' i-Elfti!mrm;Zr~'ffi: 
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~,Jt!~~~fWi/FJiU?e .. 0 -~*mt, miJTE;;!i\11t 3A, m;iJW1f:1' 4 sec zflilil7tdI7gZ'Rt'~ft1.flJil,-m1!\Ti~ 

~.~,m,mffi~fi~~z~.fflM,m~~~~Z~-*~~o 

3. 4lUiJ:f9J iii'Uij, 1[ ®( z Nffl1'* : 
*~Ttx"1~iHi£:&Ij1(.zfWi~jJ:f9J~ , jt7JIJ!:-J'l'!l':VfC5IDtl 3A z/l~[I'f]~i;lE1[\lY.~Zft~.:YIjPn Table 30 

~Q Table 3 FJT7f, , ~rm:T1'li'E'f!1!jlxfF.frs' 4 sec ~'JJ::R3CVfEmtE 5 sec fli'f ' 1'!t~~k~H!R~jJ:f9J~1tJ.:;fj~!;. 
Jt ' })lajlJ'l1t¥AEJlX~!tfJmml1Etl1VfEij.jU\t 3A , N:U;ij:n1frn]:{I: 5 sec Zf~~11!l~~D);i];t;, ' 1Ul!R/I~1*J;l;~ 0 

4. ~:f9JAl}it1[~zlUlf* : 
tHl'tVfEiJlja~ 3A Z7f~fl'J'f[VfE ' 1'!t<jix:exf~~9:lltLnf*);iJ~zJ;l;. ' iUPu Table 4 , i=E Table 4ilJ 9;[1 , 

1[ms.idJJt 3A ,'fti{iJ(lt.fti.\J 5 sec Zpg , mrVfE~' 3Cm~&Vrkl1il)'flUAEwt~!IP/~mz~~'!W~:f9J;w'f:T 

1t1.fWi~. 0 

5 .• ~r£UtJl:f9J ~l}it m;;-9tZ 1Ul1'* : 
!:-)'~VfEij!j\FJt 3A z/Ffl'J'ltm ' 'iltr~:W:~iJ~i£ZfU~~j£m:f9JAzt(;. ' :yIJPn Table So ctl Table 5 

'i1J5;o~~fli'frs'tf 5 sec ZV':J ' mm'J!i\JJt 3A Z~ , mrVfE'lft '3C¥Jit;irD9.1!.&1tM1WEJlXIl!H}/'Rm~fnt~i£:JtJj 
:f9JA'#~1m!~~e 0 

6.1&;ItJl:f9JAl}it1[~zlijJf* : 
Jt~rPl!w.z:f&;ltJl:f9J~ , !:-),'1l'tmsiill1t 3A z/F[I'f]'l'ttVfE'f11®tz*f;*yIJPQ Table 60 ctl Table 6 nJ 

9;0 , 1[VfEiJiilfl 3A , m~j~H1fFrJJtE 5 sec ZV':J ' Ij![VfEm ' 3CmETfIJ:zj~1lPJmVfE~n*1l'}J'l'f£V!fiN1&m:);iJiilJ,.?Jl; 
~1t1.fWi~e 0 

7. ffUi£l}it 'l\t ijt~z IUl ~ : 
J;.),~VfE5iilrJt 3A z/Ffl'J~VfE ' 'It~~~IHJIHw!l!~zJl(;. ' ylJpn Table 70 f=t1 Table 7 nf5;[1 , :{I: 

~m5iilfl 3A , 'f[i~~I~FFltl:(f 5 sec zfill1V':J ' U~VfElt ' ~ijjtm&~H9/l'tWni\.!;~!IV/rtvk'rtt~;fft. ' 
~fWi~.o 

8.RIt~~ij,;"VjiJtzlijJf* : 
~/F[I'f]\t~tlJtZ1i'Y~~zRlt~ , {~ffl/Frrt]l]91lJtz~mm (W:*,y60~¥BO '!:-)'R/F[I'f]~ijfJtfF.frs'T[<jiJtIfi:i' 

z~. ' ylJpQ Table 80 pQ Table 8 FJT~ , l&.I!~zlllftfE 7.6-9.5 em zilli1l11V':J ' 'ltijfJtll~'Hs'~~ 
~ 5 sec , .R~'ftlm~rJtfE 4A ZV':JH1f ' ~ij9t1iZ!Ut~1'r-~fli'frJJ"~1IlJl\l.{[{f.lnr@]1l 0 7f~j@ , T[VfE~ 
IJtli1Jl1~ 5A 11;f , 'ilt~H1frJJ!Uttmj§.~ 4 sec, litj;:I!Il1.#\jffyt"C' :fI}Ji1Jl1~l5lEs&lJt3': lOA, 'f!'tijl:\(ffi'ff,c1! 

:jl}*r~1iB.:,£ 2 sec, ?!l'ir3&JE 0 {I! ' 1\IljiJiIl;JitlltE 1 sec ZV':JI1i'f ' mVl[~~IJt!Ut?8Jji lSA , !fFiWJn 1 min 

36 sec z1& ' tlPctllfvltJl\l.l!kf@l@]W 0 ctlJlt'i1J~ , 1~J;9m1-:Elltlll*lll'l!!I1V':J ' ~VfE5!ilrJt/f~illi~ 4A , ~ijijtll~f 
rs'/FJtB~ 5 sec :@Z'iltblciJr11Jt!UtJ1'T3': lSA, {£l.mijiJ:l1i'f1tlll:(om~ 1 sec ZV':J ' 8Pt:i,'fi~J:':fitm o/fmJ ' 
fE •• ~.~'~m~fflz~.~ •• ~fiZ/F[I'f],lltm~Z~~.m$~M/F~o¥~*~/f~ 
.~~Z.~~~.~'~~*~:f&z.M~Wo 

ctlllt*~~FJT1~ZRlt~z~~fim ' ;fIJWJjz&z.g~:&1}M:f9J~z],;(~fi~ , :m~/f:;k 0 

.~~jz&Z~*, ••• ~Jl(; •• z'~ffl~VfE'lt'3C~~'~~.~~~D.m'.~~rJt 
tE 3A !:-), ~ , .iif.\:Ir,fFs'fE 4 sec Z~ , J!1J¥t-tJI1Zml'Ht!:-).:&fWilYrJ:f9J~zmff' It1.fWi/F .B!.~!N 0 :'£~ 

~:f9J.' •• M~~'~M~.:&tl.z~u,.~~~m~'i1J~~S~o~'.tE*~m.~ 
z~IM;fIJli~H~z'lLjJRltIEttl) , i!ftfE[I'f]-~z.lJig.idrn:~, fil~~/J'*?,Jf.;1:z''rt«[~~/J' , [7SlJlt~ 
®t;ft!l. i«\ * fEM!~ -mY[:lJ.If RItz • 'j~ JlJ1jl , I Hi£ $&: jdflZf,~d' 0 -jft)t jJd (~~rd!/lfi 8'1 7& ~ J!ii I:H Z •• 1glJ~H':J 
;m 4-SV5)gp'i1J 0 J)lftjl'iS:i£~ 6 ~ill.~~z1}m);iJ;lM,z!l1'l*Pn Table 9 rfr~ , Jt1'17tlYII1S-,f'ill.~I;;(~Z PI 
zlll*fill1;m 3.14~5.70 emC),1) , tzQll'tzruli:!*:;f1l1\Jjfi , {.fJ::J.n •• ;Jr1tlltrp , {1~i{1:"ff;;.rr'ht.* ;Jr.'):t 

M~l¥J.iilX~.o 
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-=- ~ .:L J#.. ~b} z -J3 ~ : 
~~~~m~ffl~m~~~~z~~o 

I. 7.Kq:,~ 1l;-:S:~~-!lDZ9Ilfft ' '*JtJl:Y;IJA:&:fi~mtfz~. : 
7.Kq:,~J3":S:~.fXE~p~-!lD9Ilfft~ , ,*JtJl:Y;IJA:&~:fi~~mtfZ~. ' 1Utm Table to 0 ~*"~~Wf. 

:lfU]( , iffi~~7.K ' 1l;7.Kq:,J3"if~*"~ , plJ Table 10 m~ , J&fitU&'i1f~1!\Ii~p:Y;IJA:&llJHwA ' 13":S:~ 
0.5 ppm 1!#1!\Ii~p:Y;IJA:&IlN};fJAzm1J~~~kJ ' Il'l'Hi-i£t:fi -litM15i ' 7X:tni1~ , /f-~Jl3t'&:iffi3iic7E 0 {" 

:S:~ 0.7 ppm ~1lR:Y;IJA~rJJE 0 ~ 1 ppm ~ , ~~JtJl};fJA?Jl,7E 0 -!lDZ9Ilfft~Yl'IIm*J3":S:z.lti'.'liWt 

%r.l1!!.~flf. ' J3":S:~ 0.5 ppm 1!#9Ilfft~el~~50%Zr ' 13":S:~ 2 ppm ~-!lD~D7f~~l§9Ilfft o1&JtJl:Y;IJ 
A?Jl':tnJ3":S:~ 2 ppm ~3iicJE 0 :fi~~U:tnf3:S:~ 3 ppm ::j'"3iic7t 0 -li!\U::'~J3":S:~ 0.5 ppm' ~D 

11JJiilil.~if~1kfJ:~ 0 

2. CuCI ~~-!lDZ9Ilfft ' ~JtJl:Y;IJA:&:fi~fr!itrz~!,I. : 
CuCI ~11L~-!lDZ9Ilfft~l , ~M:Y;IJA:&~~I€~z:fi~fi5trz~. ' 7UPIJ Table 11 0 

CuCI ~~-!lD:&~M:Y;IJAZwi!f!\t~~~ , Pil Table 11 m:iJ, , {;;-:S:~~ 0.2 ppm , ~-!lDfW 

/f-tll§gllfft ' ~ Wj};fJA?Jl';fl\~~lli:ff 0 :fi~!l1ttL1Jft!J'3!t1 ' {Et 1l1ii:¥ 2 ppm ~eif7E-C:.EJ1.~ • 13":I:~ 
5 ppm ~ , ~mtf~B~~50% 0 

3. CuClz ~~-!lDZ9Jlfft ',*JtJli9JA&':fi~trf;trz~. : 
CuClz ~1j'i:~-!lD9Jlfft~1 ''*JtJl:Y;IJA&'KiUf!,~IR.Zm~i1;tfZ~. ' 7UPn Table 12 0 Pn Table 12 

m:iJ, , CuClz ~~-!lD '1&JtJl};fJA].:)'lUI~~z~iff~.ffil\i5( CuCI ~ia~ , ~:fi~?;-I:~ 5 ppm U 

J,,::tffiJl-ll1f • {fl.~1!\Ii~p:Y;IJAfllllR:Y;IJAz~J,fIJ. , ~U P;1i:~ 0.2 ppm mJ1!\Ii~fi5tf- 0 

4. CU(OH)2 J-t~-!l[lZ9Jlfft ' ~M:Y;IJAf:Uj~tf;tfZif3. : 
Cu(OH)z ftlj'l:~-!l[lgJlfft4\' 4tM};fJA&'KiIffi~zm~ti5:ffz~. ' 7U Pll Table 13 0 Cu 

(OH)z zWtg{!: 5 ppm Z03 ' Po Table 13 rYi':iJ, , ~~-!lDZ9Ilfft:f1J:fi~ztf;:ff' 1U1!\li'W~' f;t 

1!\li~p};fJiiIi ' IlRxhiili ' ~~JtJl:Y;IJiiIi:&1&M:Y;IJiiliz ~fIi?Jl'j!",l\i5( CuCI &. CuCI2 ~~ia 0 

~ffliI[VifmmijijW;J'I>;fJ:i2J1Z~~ ,CuCI ,CuCI2 &. Cu(OH)z >i-'f,'ij:1l·{tl~,j1l!!.1f.~Z~~ , 

/f-~ , ~*FI~W~JR-7.K ' {t!;,~lf,tS37.Krt'~Hl ' tJR-' J3>i-tl=.~z£\.~ift*fJ' ljf!ZSl~~J'fiJlll[hm-m~].:), 

1.5 Kts ~~J ' il&Wr{R'~}tl!t!!tm7.Kf,ffi~ , mj:;F3iicJR-.~'Wi!f ' JE].:)'.P.X:'W~Z'=t~~ , ~PIJTables 
10,11,12& 13 Ifr~Z~*" ,CuCI ,CuClz :& Cu(OHz) ~1Z9ff! ' ~A;ff/f--JlJ;tg,jjj!!zfit'iffFffl ' 
{EI!\tWtl:.nx:l!t1z~1:. ' {'ISJl:JR-flEJfl@:Vft?\;:tm~UIR'f ' lffj!\tA:tm~~Ii!lItJfUffl~~Wi,j1l!!,t1:. ' .ltfm;@\ , 

~.A~z.~'~~JR-~.t*~ •• Z •• ~W'~~B~~t!!t~~,*!\t~~nx:~Z'W~~ 
'1',16' It} ~!,~ 0 

f!! •• ?'lf ' ~j!jiA7.Ktt~A' , 1".tY:lJil: •• ~ , '~?i.iJTIA!lHl1~~Jtt JJul!# ' ~il:l~~J:f't ' 1ri:a'filk)JY: 
~~~~.'~~/f-~~.~'~.~N.It~~'.W*~,~~Jl3t.m.'~~il:l.1i:~~~~ 

F~rll1 ' UM'Ym~~!¥Ji'l'tf~ 0 'If;~il:llJi!7l.t,j1l!!mrfill;J@rJ(?';ILJtiihil) 'fIf:!Vt'Jii\.lJil:' ~IH'F~IjY.!lZllJE 

~ , f~*l·ifv1iJ'lli!].:),3iic7I-c 0 1,(~ltt:*rJ.H;'fIJl03~].:)A!li1iU*t ' @fJ:';'r.@DtllH!![JE-c.: 0 j;U{~1l! (Plate 6) 1l!ljij( 
H;'f , fliJ'f1fi~l\&*i¥).7kL .};ffJxJ!{ , fI-J:fJ;t.w~~jo}'I'I:Z:rJi~ ,nU~JfJ.lm:.~1\;'f , '~f~~.~@n-i'lrfie 
~~~&<im ' IffJIIif!Jl;:fJ,t-W~,joj'11:J:Ji ~ 0 

,ll\ ' i!Pl~m~~.·n'fiilU.!o/.ftlfTi3iicJE ' {i'lf{bft'n1tt!j , ff!Ji!mlJtt~~U,J9:..ijij(lR'frF'l'1Z*~:fi1m ; {H 

{i':>'/'lnCfIl: f1111rHl)J.lntjJx~tJJ1[tkLIL'J' , Wjp;]; -Y.7Jtt'ftJltit f11'n1ijij(lR'frfl'1~ Jaj 'l~ , fhlljfi!'!tljiUfl1!lt;fflm°) 0 

lJ./FYrfftikLmljij(II:i' I . V t = k 

I 
lJ,';!li'il{ifrL',W~~IL'f V n k 
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I :mlt~5mgr ~ t :m.~IJi!fF.1'l 

n :m~!t ~ k m'lltl!$!: 
1tl:~1ij~Il1;)'zI~~lltmEllt~~~3iIj;li!::-'m:~~* ' lltVlE0!i\gt':fIlIJi!fFI391¥.J2JS1Hf!gl(;&:J:t 0 J::J5mlItVIE 

~~IJi!f,lltmE~gr~llt~~~z2JSn~gl(;~J:to*~~~fflz~~~~.~lltn~~z~~m.· 

~f960~~ • 1lt~~~~ 120 *- (Plate 7) IE 0 1JlHih'ftVlE~Jflfi&ttJr~#Il~~~1Ji!f ' Af*~"&~f9 
~1.&iI)160-180* (Plate 8) • mii':!tz:l'i&ttJlltVlElBl7fJ1Iltm Plate 9 m~ 0 ~Jflf;tr:tJ.& Ii: t: #Il ~ 
~ (electronic oscillatory type shrimp gear) Il# • ~tJ!jili:!t40*IDfClBl (Plate 10) • iik{EP'Uttf{z 
lltmE'lmI!Cf • t[VlElIt:&~VlElItt::flIl~$: (DC & AC type shrimp gear) z~1\t:i:~* • :tJ.&ibr 
t::flIl~$:*-Z·~mr:tJ.&Ii:t::flIl~~~~:i:~~~'·~;lItr:tJ.&Ii:t::flIl~~~~M~~~ffl~Z~ 

~~~'m~4~z~~:flIl~$:~~~t:~~o 

m*Z~J3.Vt~F1i5fJ£ ' j!f,c-JiJlt:flll~$:{E7j(!=f:tZ~~1t~l!lli~1I 30 em tE.i:i ' !l!~5tMfl.mJ::J 1.5 Kts 

5tMflIJi!f ' ~~mf*1iNty!=f:t/FttJ • AFJf~g~3'IJZ~:Iltllt*X~FI39M/FJm~ 0.4 sec 0 :f!.*~~Wi* ' 
1It~~Fs'{E 4 sec zprq , R~1\tVlE'lmtl/FJm~ 3A , ¥tJEJ::J~VlEmm~ , ~!l!~~f{~o)\1ijlil~4l\Ii* 
*Z~i\'f 0 ~tUll:m~ • ~~~~, ,~{E7j(!=f:t~'3t:z.1I~;fIi!lt.:Ilt:z.ftnJtZIEJ:t ' I2SI~JJ,~~jd~m 
~:z.llt~~"~JJ' , ~P:&:g.:JtIj);iJi~FJf'3tz~inl!J:tJJ'~~*~JJ' • m~llt~:flIl~~Y!tm~I§!;:~mJfl • 
~~~f¥:~.~~b'lto 

K*ir l:~z~Wi* ' If~fl1le~gOO~lltr!J.&lI~#Il~$: , W{E3l'8l'l'l¥.JmVlEi}!iU)l , llt~~rs' ~ 1lt. 
~~~~f'F~ • J{01lt~:tm~~~Jt~~~IHtJ,1ij&g:m~~ ~z~~ 0 {E!. , t::llW:(E~_IE;t;l!X~FIE 
;t;~l:1It~~vmZ=-T~JM:z.!l!~~J~!1Ja ' m~Jfl:z.~VIE~1lt~1Itni!ili~Bt£ 2.8 kw ~ 40 kw z 
Fdl • J::J~llt1JfF~~ti!i~ , ~F@.~~n* ' 1It~~rs':Ilt ' lItVlE'lmtl~* ' lit~~fi~.~~:z.flt 0 

Jj5'~' B~p.f~OO1i:\l:~~~~~M,z1lt-T:tJ.&jit:;jlM~$:~' itL))!~ftiJ¥{:ft{'F~~~prq:z.~~~Mfljl1n~ 

§ ,:~H{U~~W.~' 12SI~' ~;fi~~ti!i~~Y!Z~*~~~tff, Jb~$~ "~~" 'Wj1'ij~ff~ 

gl(;lil'ifi~*s~~z~* 0 ~,~~~*-~~~*, {E3l'8l'MZ~~i!ili~' 1It~~!R~~~1I1tJ,~/F.I51:~ 

.,~w'~~~~mMZw~'-*-~-*~~~~T~~~'~~~~~.'~~~~~~~ 

Z.~n:&A:g.;ltJj:YJJJii\Z~3:1l ~ :!tJL~{J;~41&zNl!Hfflffo/e 0 

*.1*~* "m~ti!i~~~1*" Z:'-*:7U1ffo/e!=f:t • l*W~~~l/@{Jt~z~"-Jm 0 J::JrnrVit1lt ' ~VIE 
1It:&!J.&ftmE-wtllJKib1ltVlE~Il!Hi.~VIE ' ~J::J~P'U:z.1t~~rl3' , 5j-!3lj'fl~t{Qg~-s:~ ~ gn ' :g.:M:YJJJii\ ' 
fl~:&JtZ~ , al~tm~zWi* : 

t.t{Qg~-S:!~~'ltVlE'lm!l 3A ,1t~~rdl 1-3 sec zW:VlElIt-wt~VfE1t5j- !31j1t~~ *{J;~IE'~~ 

gn • ~Jl6~!=f:t~~5~~gn 0 g~29Jl3!1t*-&~ 68.1-90.0% ' )z'Am-:M~~p:YJJJii\Jg1f~m=:Mmt 
~:M:YJJJii\Zn51f*~ 29.5-71.2 % ' ~nsgl(;*/F~~-~*:i:j;Uii1~ti* ' 12SI~ , i[~~t{Q:IiP-S:~ 
1tJ,~~~~.o 

2.lltVlE'lm~ 3A , 'm:~~rdl{E 4 sec Z.lJIprqZ1It~ , ftJ,RJlil:m~i\'f~~g~:&~~p~Jii\ 0 

3.~~fi!:rnrVlEllt ~ ~mE~ , :tJ.&ttJ1ItVlE-wtIDfCiblltVlE ' {E1lt~5m~ 3A , ~~lJi!frdl{E 5 sec Zprqz 
~~~~~~~.~:M:YJJ~~1&:M:YJJ~:&fl~'W~/FRz~.o 

4.gl(;~ Gt:llt 7.6-9.5 em Z1i'Y~m{7lJ) {E1ItmE5m~/F~~ 4A, 1t~.zlJi!fr~~Jm~ 5 sec' -wt 
1tVlE'lmtl~:Ij})\:1~ 15A , {J1llt~~rdlWim~ 1 sec Zprq:m'tC~l!lli]'!i!j, tE~i!ili~f7g~3iIJ'lt~Mi~~ 

{J;~@l1J'!o 

5.~Jfl~mE'![m~~, ir~J:\~ ~ CuGl ~ GuCIz :& Gu(OH)z ~:!tgl(;~~:!t ' ~~:!t1$t~~ 
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~~g~:&~;Mkb~Jt1PF11Jm,liIz~i!ffIFm ' Ar:ptJ. CuCI Z$tf~~ , m. ' ®:7JiEi1t5't:Jm~~$: , 1ZSl;l'l; 
~i1t:l:j(3Z.AfIUIi$)j:JnW?Jik ' iile~4B7'GfBU1i1J¥k ' IZSlJlt ' Jlt~:1=.Rlt~z$tflZSl* ' m:;r;£\w~!l 0 

6. ~i1t~!J~!Hl ' {E\i'!l~Zi1t7JiE5j~--v • ®:7JiEi1t:&y':7JiEi1t5't:Jm~~:H',z~i1t:l:$X* ' ~ibT5't:Jm 
~~$:*z' tJ.i1tT~Il5't:Jm~~$:~i1t:l:~-mt/j' , Y.. ' i1tT1~1l5't:Jm~~$:Jt,:ffWfJf,:-T3tFJf32!!;Z~?HI 
ll1l~ , FJfU4~zi1t~:Jm~~C)5cUJlt5't~1l: 0 

7.1lt~~%l, , ~~{E7j(r:p~~zllt~%PMtIJtZTI:1JRltlEJ:t ' IZSlJlt ' 'H!~ifR*~~FJf~Zllt~Jft!l-~ 
Ij' , g~:&~;Mkb~FJf~ZJft.J!lt'N!~~~,j, 0 -lMtill~~~~J=81i')r:p~mZi1t:liJ1J5jliJ0~4~5V , 

{EJltllt:liJ1J5j~r:p , ~:M);f]~FJf~ZJft.jl~mk"F-Amk 0 IZSlJlt ' llt~:Jm~~~i*:i!r1~\Y~~jim ' ~'Jti1ilt 
f*lli13Z:ff~~o 

8.ff*ilJlt*z~~~* ' 4-~U'iltT~~Il5't:Jm!l!~~ , TIIT{E1lt7JiE5j~ 3A , llt~~rl3' 4 sec z'ii, 
3tilm~P'g{'F~ , J{ljfIVI~~:Jm~~~i*~!l!~~'Jti1ilt1bLmlil~4!tli:;r;*zJft. ' @Jlti*5W~~P1f;~ , iileJiilll1lJ1j 
.{sL{'F~iIm~P'gZ!l!~~~~1(( I§ , tJ.5t'.$:ecIflJ(!iJftJN'Jti1iltz "~~" m~~:1=. 0 

~ . 
*~~~.~~%P~~~z~.~M'M~.~~~\i'!ls~~Z*~,:&*~%m3t5\i'!lt, 

:;tAM3~lL~tt~5ij/NEl:&i*Jt!1l ' !lM:1=. 'iff!ftjl!\i' Jl'immM~U~tzt1%M ' U:&~9Fill'ffi:ii:~B*i1i":{\"z 
m:1~tm171;M;jS~ , 1li~Jltft*ltitt 0 

~ ~ )( ~ 

1. Jl'i1')\1i'i (1969) : lE~llt~Jm!l!~Z~ft ' r:p~7j(ii: ' ~ 200;M , 14~16 0 

2. ~-~ (1970) : ~~dl'iHif[~~ , r:p~7j(ii: ' ~ 205;M , 3~10 0 

3. 'Liao, 1. 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. ,'W\*~fl13 (1955) : 1lt~~i* ' tlZ¥li'£ ' ** '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. *:1llX;-m*fl13 (1967) : :1=.4to¥r\ y F f './ -1 (~9 JIR) '-!E~3t1f 174, pp. 207 ~208. 
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Not:e on t:he Cult:ured Spawner of Red-t:ailed Prawn 

Penaeus Penicillatus Alcock** 

-
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 Penaeus 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 2.5 X 1.5 X 0.6 m each. Trash fish and shrimps were 

used as feed. 

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

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

cement tank of 7 X 2.5 X 1.5 m. 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. 

* itIT,&'!JJN (Penaeus penicillatus Alcock) {*:r/ii~Il!t1iJ~:ft!J.~§T~zitIT~x' Ql&*tl!U1H~§TtRZEj)1W ,[ZSl!i8 
Jlt~zl/$W:~~~ (uropods) 1&,*ll1.l'i'tl'itITffiB' lfrQl":ga5ztRZ~itIT~~ 0 

** *m;7tlfrliJf~*1!i- A-21!m (Contribution A No. 21 from the Tungkang Marine Laboratory) 
*** :!i~~7.k~lil\~lfr*m;7tlfr (Tungkang Marine Laboratory, Taiwan Fisheries Research Institute) 
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m~m~~jtz!im ' S:rfj~Ji7k:&;jjr'iUl). 2) ~Mwbt~~JL*:I:~mm~1'EiziHjtJ , tJ,:&jilli;ffmJm~~ 
~rU9;imzfJJ:3/7J1lt;b3). 4) , B3lf.rP.Jrltr~~T -:3/7 ° ~TITI ' ~ T]I!~-:3/7~JL!im~*ItJ ' tE!R~1'Ei~ 
mnOO'~~m~m~~'~~~mnOO]l!~~~~~A~~,~~tJ,:&~SM~AI~~;~~' 
!U~z?fuq:r:f:'lHf]l!~ S ~m:~ , ~U7F:g~ZJm J§ z - ° ~1ll.t!bUIl(, J§ rltriitW~:l1hz~mI{'F~;!tg 
fiJbIt?fuq:r1fJ1ltwmll( , I2SlZA~mz£~:3/7~~g**:l1hnl1t ° 

;ffmJ:f::g.1f~~w!l!~Z~~I{'F ' tE~~if National Fisheries Service Gulf Coastal Fisheries 
Center (Alltr$t~~ Biological Laboratory, Galveston, Texas) Z Dr. Dov Grajcer ~IE1%:* 

~J!I!~~~m~fJE~AJ1lt~Z~~ ; S *nOO!filt~WtE?fuq:r1fJ1lt;a~p~ (Penaeus japonicus) Zw 
!I!~5) , m.~mfflzw!l!~~7'G~~JA~*~~~mll ' til. J§ lltrtJ,~Jj\*'" S J:t~~~~q:r,uZ-~~ 
~~'IEIt~m~~nOO~~~~~~~~I~;*~nOO'*~~*~~~ffl*~~fflZ-~~ 
~* ' lli~*~1TfUffl~~1LZmmyg:1fw!l!~ , -t!1tErP.J~r,,'Jm#~~I=j=I ° 

~* ' ~~tEyg:1fw!l!~ztMi~~q:r , ~!H~}=~J1lt~Zn)~;!l!~ (Penaeus penicillatus) , fWiiU 
AJ:j:tZ - ~ , ~1f:Ag~*~1f'I1Hf1 ' ;I&~illtffl~~:!)!H(Q""f : 

:M~;&1J~ 

~- P. penicillatus 1*1972~4Jj24S~*~~?JT:Qf[:ff*:I:~m~ffl~Z-aml1i!.1'Eiq:rZ-~ 0 

~a~1'Eiml17ttE*~~fflfiil!i ' ~1I'lJ~ 10 Jj 24 S ~J&60~(~:li§&m: 19.95g) '~Wi*J3.f<iJ1f 0 tU 
ffl'?e.~z 2.5x1.5xO.6m 7]c~?fu (Plate 1) '4lf7:;:~7]c 'A:I:~~7]Cii:Zl/3 ' MT~J3'E~h~' 
~~~""f,*lt~ , mil( , f<iJ!i¥~:$ 4 Jj 3 S ' ~fiil1f 162 S ' &m:~ 39.98g , ~~~:f:~J1lt~ 20.03g ° 
Jlt~3Z.MU'fiil~~'?e.~zrn{JJ'(ife?fu' ¥ 7 Jj24Snf$.A'?e.P"JZ 7x2.5x1.5m 7JcilE?fu (~?fu1*tJ,;e. 

~![&f£J:5tm~=?JTJ1lt, l*?fu~ 7x5x1.5m, ~J! Plate 2), J1:t*~~J&8 ~:&160-fr~24fo!1:' f<iJ1f 
:Mrl3'~~m=:;R , l'±1iF7]c-* ' ~*~]I!~11s?fu7]c , A T~J3'E~h~ , Wt~~~T""f~~ , ~ 0 ~ 

'?e.P"JzJ'E:!l ' ~rJl~ 200-1300 lux ° 
ftll1f:MrJlz7]cllIll~lIl~ 21.7 -30.7°C , ~~~1Il~17.11-29.3%o ° 
~:gI'UtfU~z'Wml~if$fli£efr;'f:ffmlti\zg~*~ , ~~T~~MU!IJ:I::&MiiU 'J&I±\AgR*~~n~J 

Bouin solution 1E7E~{'FWJt ffl ' ~1&ffl Delafield's hematoxylin :& eosin ~e ' tJ,-ffl!~~W: 
fWgP*zJ1lt~~gt 0 

~*;&~;j'~ 

8 Jj28E1~m~lI'lJ~ 7 Jj24S ' It~Jf-7]CilE~f$.A'?e.P"J*ilE?fuZ 8 )~Jtt!R~I=j=I '~~A~~'iiJ~ 
tl:IJt~ml~;ff$mefr;'fDmlti\Zgp**Bif 5 ~ ° Aq:r-~Jtmlti\g~*;m*, AtE~ 1 &~IJ'WJ::Z 
mlmB~~.Z=~ID'~TITI9Jj5E1~~.~~'A~.Bm~''iiJmB1i~'¥~A~4~Z 

mlti\g~*;!U~**m ° 
9 Jjll SW*~1f:~ , )Z.~m-)~Jtt~ , Ag~*~ID*J3.* ' 7f;:tm Plate 3 , ;I&~U!OXE~*:7U~Q 

Table 1 : 

T.L. 
(cm) 

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

prawn, P. penicillatu8 

I B. L. C. L. B.W. I O.W. GSI Remarks 
I 

(cm) I (cm) (g) I (g) 
I 

I 
17.56 

I 
4.48 61.25 1 5.51 8.99 Ovary dark green 
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't!rl Table 1 jW1f: ' ~lJ~Jim 5.51 g , ~l*~Mkf3 ' GSI ~ 8.99 0 ,@~S:l:7l-wmHiZffl(:~ p, 
penicillatus Z GSI ~m 8.3--11.6 (Table 2) , "l&Jlt~"il]"~gB~ffl(:~fflJ3t 0 ~~~~~~ffl(:~1jt 

Table 2. State of IDaturity of sOIDe red-tailed praW'n, P. penicillatu8. 
collected froID natural W'aters around Tungkang 

i I 
I I I 

Date T. L. B.L. C. L. B.W. I O.W. 
I 

GSI I Remarks (cm) (cm) (ern) (g) (g) I , 
I 

--~~.- ,--~- --- - '.------ -- - ____________________ ---,-------____ ,1----_---_-- , _____ 

'69-8-5 22.30 19.70 I 5.20 102.0 I 9.1 i 8.92 i OvarYJ':t~:e green. 

'70-7-24 15.79 13.53 3.43 31.0 I 3.3 10.65 II 

'70-8-7 22.02 19.31 5.40 98.0 

I 
8.4 8.57 /1 

'70-4-1 20.27 17.39 4.64 67.2 5.6 8.33 OvarY' dark green. 
Mature 

1/ 18.89 16.10 4.07 52.7 

I 
5.1 9.68 // 

1/ 21.30 18.49 4.88 82.6 9.2 11.14 // 

'71-4-13 21.63 18.44 5.04 79.2 I 9.2 11.62 Ovary~rass green. 

I 
ature 

'71-6-7 - 18.33 4.90 84.7 7.1 8.38 II 

'71-6-21 22.20 19.18 5.13 98.1 

I 
8.7 8.87 // 

1/ 22.53 19.61 I 5.18 98.1 9.7 9.89 I // 
I I I 

• (P. mono don) Z GSI ~*~:m 11.4~19.5 6), ~Z*ElJ:t ' P. penicillatus Z GSI ~/J~ 0 

Jlt~z~~Jlm~W}f1f:'t!r:l Plate 5-8 , W}fM1f:-*g~Jl~~ (ovarian eggs) zy~~pl;jlltU;ff~~ 

¥J:'m: (jelly-like substances) Jt1J ' M;ff-!J.gMz~ (nucleus) :&~~~t: (nucleoli) , ~~~:7l­

zilflffilifilBlffil)f (follicle cell layer) BiEHW 0 :$:;flZffl(:~y~~fg:m 0.23 mm?) , rmJlt*lIlIJ:I:!lID5E~ 

ZlJ~~~* ' ~~~z.frr~:m 0.133-0.263 mm , :Jt~~f@::m 0.18 mm 0 y. ' EE Plate 5 "il]"9;O' :$: 
fiz ovarian eggs $'f.!J)\qj1li'fl3) PJTml±lz P. orientalis ~ , 1*JI}~JmIli'f~4:.~ (synchronism) 0 

-mIU~Ji:~liUlli.'Jtf~lUlRffl(:~~Z~~Jji* ' 1*~~7l_~.~'Jt~i$~mf3~rr~~z~~Ji ' ii.'Jtm 
*fflWilJC5E ' 'Jt~ill:kll'Jt~-\fU[ir.ZlJ~Ji~~::::jq~ltJt~~~Irt~ , yj\mre~)j(ljj$~~fiiJllli$mff€ 
~ffl~'fm:m.a.a ' ~DJD"~~~lIltajiJJ{)j(ljj$zy~* ' {K'Jt5~' ~~'FrfJfb#'U~ , ttJ,JD"~J!*JL 
~~:mtt 0 Jlt*P;T~zill-~.~~'Jt7l_~FJT~g~?i'IjZlJPJl ' 1f:'f.!P Plate 3 , m:g01&zYPJi1f:'t!J:l 
Plate 4 0 m.~~~z~~, J\:tffiZIrt~'Frf%Bmg;jli)kI ' ~~Jt;(;~~~7i-ffizft~ ,*~W!~ 
1J!il!fEWG~ S ~rJj~~p 0 

jlqj8). 9) 1iff~ P. oriental is zJj~*ffl(:~)'l£ , 1*{K'Jt ovarian eggs zJ;i'[5tl°)~5tZ:mi\:M : 1)t: 

;Jt13Jj~Ji (nucleolus stage) , 2) lW~PJi:M?~* (preyolk stage) , 3) fJJ*&Jj~Jt~:MlJ~~ (primary 

yolk globule stage) , 4) **&Jj~Jt~:M?~Ji (secondary yolk globule stage), 5) ~ 3 iH~Ji 

PJ(:MJj~Ji (tertiary yolk globule stage), 6) Btrg\(;~;MlJPJi (pre-maturation stage), 7) ffl(:~ 

;M~~* (maturation stage) :&8) ~~;Mg~Ji (ripe stage) 0 

{&~r.m!;z5.t~ , Jlt- P. penicillatus z~~*1t1.~~Irt~;M~~Jl 0 {§..m-ffl(:~ ;M g~ Jl z P. 

orientalis Z ovarian eggs ~:$:*PJT~ J3 P. penicillatus ~ffj;fl"!i:lA ' f,SI~ P. orientalis Zlrt 
~:Mz ovarian eggs, /FJ!, nucleus , 1li1Jlt*PJT~z P. penicillatus zilU;M ovarian eggs :kfJJ!.­
!J.gMz nucleus :&~~ nucleoli 0 /F~ , Jlt"M!ll~ Hudinagall ) ffl~Z P. japonicus Z ovarian 

eggs :f§1t1. 0 y.. ' ~Ili'flZ¥IH!i-8). 10) , P. orientalis Z ovarian eggs JI.:1f nucleus z~:Mf*ll::~Irt~ 

:MzBtr=:M ' ~~~ 3 ~JHP'Ji~:M ' mftM~!i:I ' Jlt;Mz nucleus BMlR€t~/} 'rm~/FI±I nucleolus, 
ft!!Y.f!f1±l P. orientalis Z ovarian eggs F"g{llJJJ!,;fl" jelly-like substances Ili'f ,;!'t nucleus ;;f~ 
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~iffijrnif} , Zf;J!em~ 0 {£!.*:;J(iYfit1li~ Hudinagall ) pJfill!;;;t P. japonicus ;;t ovarian eggs ~ 
->l1!lf.l!%IUtg,I'I.§\'U';ljfWlf;;t~~fHE' ill1iJggl*lil~ P. penicillatus Ik.. P. japonicus;;t ovarian eggs 
;;tRX:~U§\~W P. orientalis ~irpJf/f1PJ ' ~1k'~HfH'rfllMJ!Uir~41&;;t~-~l*W 0 

1'* TWI~;;t--~1k' 8Jj 28 El ~my~*e~RX:~$:&J1£M'i'itl;;t~-~:7l- ' ~$~tfJj~ 1973$4 Jj 3 
El jWJ:I:-Jfl~:~nt5:S-pJf~ffl ' ;{Eifu9=ti:·W~-%.t~Wl;;t P. monodon 9=t ' ~~jjJ\)jij '¥ fi: 4.26 em , 
tim: 51.2 g z-ffi ' :¥tijp**/Nrr)jID1¥;~~':l%iD~~l1¥i~Mr{!WfmroY~~tmStZ.~~&~:t§!PJ ' 1&~J1:Y: 
~J\:tff,1k' 0.5 ton 1IU~WJ.~7.l(ffl' H;1lfE*J!~ij8' 'Im1k'~ ElIlfEFI3'j"{fCF!JP , ~~jIJ6*m~1!\li 'it ~ ( 
cleavage) m~ ')~i§S31k'*5Z:m:~~'$c.jJr~*Jt*~RX:~PJrit ' 7\~f~rm§;O 0 {£!.~ru1k'li!tJl:tff,;;t~ 
it, 1'iJ§;O P. monodon illirtEifu9=t1fRX:;fi:tl!~;;t1'iJ-ij1§ 0 ¥Hi- 'irJm5Z:m:z~$rp'Jlii1 ' Jl:t?zi:'i'i1fJl:tffi 
z7Jcifut:p~Jli;(tt1t~1J:;;tltf,l,10 If : 150 '~1k'5Z:m:m'$zl:1lt-Jm ' ir~41&}!l*AEfJ1iJf'1t 0 

.~$;;t.~ , ifu9=t:lffl;;t P. japonicus;;tWJJFl ' tW~tE~ij~*ru~:7l-1!\lil*j'J)$B,'g~~f¥HrIJ1&1ii 

~1lJJ!eRX:~Wl*t9:~~~ , 3l,'ffiWi';B":)tmt?t (stoppers) , ¥1k'ftft!! P. monodon, fm~jjZ P. semisulcatus 

Ik.. P. penicillatus ~ ru1k'/f£ ru Yi-:;&;gtB7l':i§B5Z:lliE ' 1Z9Jl:t ' 7l':ff-tm P. japonicus 'tEYD,** 
~RX:~ -00 # Wi5Z:m: 0 Jl:t\l:lIiF!Um:-fr J:~z5Z:m:pJf'$Z'!:1Jt-rm ' irN41&z~-*~~ 0 /fU§\ , Jl;\;* 
ill-)¥, P. penictllatus !l\lt~Yi-:;&$~/ftB7l':1IfBirtlt5tm:~®' m=fr.Jm'i'itl~J&I±l;l'!;Il!1fN1 :~EJ~l$M~ 

(thelycum) '~m~t:pii::ir)l:l'mJ! (spermatophores) , ~tB~9=tZ~ill'ii ' ~~*B*f*~~~ ,I-l;l'!; 
fg fl;zm~l'i§ :fr~ it 0 

!lUP) tEfml¥J¥IH!f9=t:j:~1±l ' fmZ.m?K~1t1&:lt§YD*z P. orientalis , f*?K§ful1f$' {ll*tfiH'~ 
irJmful1f:1JOOz;fi:;fi: , X ' WIj~1i?§1j5J!l\ltt~1±l P. japonicus BirtE?fu9=twplGjfiUFlz *JC ' '11i1!\lifFFffim 
~.'~;I'!; •• 1fRX:;;tmM1!\li.m~o 

• Idyll Z¥IHs·12) Caillouet and Beardsley 1~ P. duorarum z-~ftEl::ffl p~;i;; (eyestakl 
removal) 'Mi*1-2£1)j1&13P~)$(;1JE31tltRX:Ji(.tl,;;t55'lC* 0 _*1lir.J P. japonicus ffiil,M;jB~ , ~~~;I'!; 

eyestalks i¥J~* ' ~:i'J1JE~RX:~Zrr.rJ~~)I:* ' p1t~!~ eyestalks 1&;;tl'i§if$/f'& 5% ' tz;l!l:t ' 4-1& 
'l'l:.m;l'!;ft!!:1Jl*Prll;JffifH~tl¥IJ1illE~Jii~¥JJtl;3l:I[ , ]:;J,)Kir%:t*trr~U ovary-inhibiting hormone ;;t5}1i:::® 
3Z./fitm-~";I'!;l'i§ff~Wi 0 .~$:1l]:;JJm~v'R~'Il;l~ eyestalks ;;t:1Jl*1ift/f~i¥J~*$' {§.;ff~4-1& 
~-~zat;~mjlf • ;(f~-:1Jjjj • 41&t~;iJL1~i~ V-organ .& X-organ13J. 14), 15)Z1iFf1e ' J.;J,tUlf. 
El1fll:~ll.J!MirJm~~~RX:~Z mechanism 0 

*~;;t , PiJJ:pffiz!l; , ~1li~"iem-ifurf11f)$(; 2 ffi P. penicillatus .& 1 Yt. P. monodon ,;)t·flf:11i 
{j!f~RX:~~Bt ' 1&~3Z.litg~m-*·t~4'~,9B ' tz;l!l:l; , tIi1'N'i'iw.fj:~z-t1J~I§'It£/f~/fj.-: 0 ~*:'~H})~5t 

fiM*' •• ZRX:~~~M~:1lR~,Jl:t*3~W~~U~.~,.,t~7l':.~~~.;;t-*U. 
J: ' ¥m-~~!i~Jtft!!~t4Prr{t4=.'¥s, *.R;fA*it*~jtRX:~ 0 Y15'~ful1fJft:l5t{7~PU*~zj:'l;§H,U ' ful1f* 
m';;tWliJ~' ful1f7J(ifuMlttz~~~{bl'f$irJm~ , )ZSlllt ' 4-~fljRT~1i"l~fil(JI!i mechanism zili'1t: 
Yi- ' Jt:llU\i1L1k' •• RX:~zJft~;t~;iJn~~~n :) 

tE.l'&i1f~~~Fl~.~FlZJJjfiiij~):\~9=t , ai{~ ~jJJ;*i[j* : 
1) *f~mFjffit;;t P.pmicillatus ~1lti'E' iDt~~~1i- 2.5 X 1.5 X 0.6m 7J('OErfu, M.J)t=f-"f~ff 

;Ff,t,!!lllt, j\'!*~,fulwEl ;ltJjliFx3fIElJJ1& '1$A~fg 7x2.Sx1.5m 7j(ffEi1Ml!~f<!lw '*B*-iIElJJ~R 

m~t:p-~z~.)$(;~'3Z.*MJJ~'W?z~mB-~~'*~~RX:~,m~uM~·.~~~. 

5.51 g , GSI ~ 8.99 , JrJ'*~i*1j!~E. 0 

2) Jl:t~z:f:J~*i%§.~WJJr ' Mlf,;;I'!; ovarian eggs Z,9~~F':l1IlJJBir jelly-like substances it 
~ , ~:1l-§J3IDtZ nucleus :&~~Z nucleoli , :9~)j1);Yi-Z follicle cell layer B1JiH(ili 0 Jj!~1!fil!fil§ll:E& 
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0.133-0.263 mm , ~:zp..l~rffitf.f1, 0.18 mm 0 {;&.f;m.llnl(JiM~~~S- ' j\::tffizJ;iP.llB~ maturation 

stage 0 

3) :7j~, t"i3~9iJlI¥J-. p. monodon !!!1l'J.1'E' ~]Xjtv~ifu*f<iJ1f-~~W3 ' oJ,WEE~*1i 

t"-~nl(J!ME1f1!!!1l'J. ' ~~JtR~1&ji:J;iD ' m.,yD*:V:*~4:*ffill§7t~ , ~~ EE:Jn*X:M.1rpg\4J;ip*-5t*~)Jl(; 

~PJT~JlU7Gt" 1m 9;0 0 

4) *%\z ' ~4'B:Jnifu9=t1fJj1(; 2 ffi P. pemcillatus :& 1 ffi P. monodon , ~J;iD*~~ matur­

ation stage 0 41&r~TJ;f!!!Il'J.~)Jl(;~ mechanism z~9'-E~ , J;fft~1L1RfI!!!ll'J.lJ\(;~zfriJ1fjJmz1iJf~ 

:;t;'@tJj]~ 0 

*3!¥a;ij.\Jltm7tpMbJJL~J'lU~~' 1l*)Jl(;5i't;g:&w5i't~/Nllzlffi.jJ1rfF ' tJ-:&.~::k$l'ilJr=P1iJf~ 
m-t1afrp/Nlll~MmMWJtzif!u]*:§: , lZSl~ifJj1(; , ~1RJl::t~iM 0 )l.. , *3!¥IHr~tE~mm-.E.E;~5i't7j( 

~:i9iJllltiIJfffiMffj(:&;lJQ3!llti1JfffiM~lJrf%Jj1(; , ~Jl::t~*Z 0 
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