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Growth and seedling production of the brackish
water clam, Corbicula japonica in Namdae Stream,

Yangyang, Korea

Wan-Ki KIM

Interdisciplinary Program of Ocean Industrial Engineering,

Graduate School, Pukyong National University

ABSTRACT

In order to obtain the basic information on the reproductive biology for
seedling production of the brackish water clam, Corbicula japonica, in the Namdae
Stream, Yangyang, its environmental factors and population density, age and
growth, reproductive cycle, spawning induction and hatching, and larvae and

juvenile rearing were investigated.

1. Environmental factors and growth

Hydrological factors were as follows: temperature = -0.2~26.8 , salinity = 0.50~
321 ppt, DO = 521~813 ppm, PO4-P = ND~137 ppm, NO2-N = 0.10~081
ppm, COD = 153~282 ppm, H25 = ND~0.0012 ppm and IL = 0.85~1.36%.
Sediment was typical sand and gravelly sand, which had a very good sorting
value ranging from 0.53 to 1.77 . The Population density of the clam C. japonica
ranged from 2~464 ind./m'. The clams were divided into four size classes, based
on their shell lengths: small (0~10 mn, medium (10~20 mm), large (20~30mm) and

largest (>30 mm), and their frequencies of occurrence were 32%, 50.4%, 43.3% and



3.1%, respectively. Therefore, the clams larger than 10 mm in shell length accounted
for 96.8% in total.

The age of C. japomica was determined by the rings on the shell. The average
shell length of 1.5-year-olds was 10.54 mm, that of 2.5-year-olds was 17.52 mm, that
of 3.5-year-olds was 23.53 mm, that of 45-year-olds was 28.07 mm, and that of
5.5-year-olds was 31.99 mm.

Bertalanffy’s growth parameters were estimated by a noninear regression method:
the asymptotic shell length ( L..) was 4898 my K was 0.2042/year, the theoretical
age at 0 shell length ( #)) was 0.3169 year, and the asymptotic total weight ( W) was
3673 g The growth formula was L,=48.98(1 —¢ #0318,

The formula of allometry between the shell length (L, mm) and the total
weight ( W, g) of the brackish water clam was W = 667x107¢ L*® (R® =
0.9853)

Bertalanffy’s growth formula calculating the shell length in terms of the total

weight for each age group was W, = 36.73 (1- ¢ ~0-242(1~0.3169) y2.81

2. Reproductive cycle

The gametogenesis, reproductive cycle, and sex ratio of the brackish water clam,
C. japonica were monthly investigated by histological observation. Samples were
collected in brackish water, an estuary of the Namdae stream, Yangyang from
November 2000 to October 2001. The brackish water clam C. japonica was
dioecious and oviparous. The ovary was grayish and the testis was milky. They
were 86.7% distinguishable with the naked eye. The gametogenesis and
reproductive cycle were found to be subject to the change of water temperature,

and the ripe oocytes were about 80 pum. This species had five long successive



stages in the reproductive cycle : the growing stage (April through May), the
mature stage (June), the ripe (July), the spawning (August through September),
the recovery (October through March). The gonads did not atrophy completely
after the discharge of oocytes and spermatogonia, but differentiated again in the
middle of April after a long period of nonactivity later than those of the southemn
provinces, growing on another tissue. The gonad index corresponded with the
fluctuation of its reproductive cycle. Among 395 samples, the number of females
was 208, that is, larger than that of males, which was 186. However, it did not
show a significant sex ratio of females to males at the 95% significance level

(p>0.05).

3. Seedling production
3-1. Spawning induction and hatching

The brackish water clam hardly showed any reaction to a temperature
stimulation in the fresh water. The spawning induction showed the best result in
the salinity of 6 ppt in the temperature stimulation with different salinities. The
spawning of the clam and fertilization rate were the most favorable in the salinity
of 6 ppt at the temperature range of 26~28. The embryo of the brackish water
clam was of a globular shape and 8643 ym in the diameter. The developmental
process of fertilized eggs was as follows: the formation of the first polar bodies
after the completion of fertilization, the formation of two-cell embryos by the first
cleavage 60 minutes after fertilization, fourcell embryos 120 minutes after
fertilization, eight-cell embryos 150 minutes after fertilization, sixteen-cell embryos
180 minutes after fertilization, the appearance of blastulas 250 minutes after
fertilization which started starting rotatory motions with the appearance of cilia,

the appearance of gastrulas 375 minutes after fertilization, and the hatching of
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trochophore larvae 900 minutes after fertilization.

3-2. Larvae and juvenile rearing

The larvae of the brackish water clam grew to be 248 um in shell length in a
relatively short time, that is, 15 days after hatching. They showed a rapid
developmental process, compared to the larval duration of other brackish water
clams. The ratio of shell height to shell length, which showed morphological
differences among larvae, was 087 in early D-shaped larvae and 0.86~0.92 in
D-shaped larvae which were larger than 150 gm in shell height.

The optimal salinity and water temperature for larval rearing were 6~9 ppt
and 22~247C , respectively. Their optimum density was 1~5 inds./ml.

The most effective food organism for larvae of the clam was mixed microalgae
with I galbana, P. lutheri and C .calcitrans, in concentrations of 1~2x10" cells/ mt.

For the juvenile, a mixed diet with I. galbana, P. lutheri and C. calcitrans showed
the most excellent growth rate and best survival rate, while the sole diet of P.
lutheri showed the steadiest growth and lowest survival rate.

Sand bottom was effective for seed collection, and the survival rate and growth
of larvae showed the highest in sand smaller than 250 ym in diameter.

The growth and survival rate of juveniles showed no difference in the salinity
range of 3~12 ppt. However, at the temperature range of 17 to 30 , the higher
the temperature was, the faster the growth of juveniles was, but the lower the

survival rate was.

_iv_



H1Z M 2

AFe AN ZE 2T (Mollusca), =7} (Pelecypoda), WM E(Veneroida), A=
(Corbiculidae)ol) &3t ZAAFE $EVetdle 1% 650 HAsls Hos Hu
53 oni(A & 199), F2 35 9 3k g5 Ev 75 BXIT

Sguzte] A 2F 2 BXE £ FH7 S48t 9 FEF wel)
TheFsted(R, 1976 : B, 1993 : ol¢} 3, 1997) AAAE E/HI}FH =49
thatel Sla & Byt ol MAR S HEA 2AEHA g AP
a3y Gg oA o Fel AlztE ¥ AR Bu FFAIY
147 B3 o] AHE ol&ste AlFEC] T FES BHEA A g2
FRASA A FAE FEIA FL AGoz dIF MATY A7d HE
g Xog Ay

ARe AGRH SR AF FoAA 71 AsSA AAAL Je FHRE,
AP, ABEH 5, Aoz AN J5E7} B f8 FAAeld £33 &
sigte] MAdte AP A7 & B oflz FAo AL &UI7F UM FZ
o] $48ld HF dRo2 FEHI Atk 28y Hode A= 2,
Y=o 73}, ¢, =48 ¢ stde] fgez FALGH MR F4
Foz AF AYFe] FHI FAED Ue At T FAFL2 1984
o] 15515E0jd o] mjd z7FA3le] 198891 6,660%, 19951 659%, 20014
309802 g3 tAstgck(Table [-1; siYFAREA AR, 2002).

ox

Table 1-1. Annual production of Corbicula japonica in Korea

Year 1984 1986 1988 1990 1992 1994 1995 1997 2001

Production
15,515 14,890 6,660 1516 1,153 705 659 413 309

(ton)
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Fig. O-1. Map showing the sampling stations of Corbicula japonica.
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Table II-1. Variations of water environmental factors

in study area

Stream  WT Salinity DO PO,-P NOx-N NHs-N
area (C) (ppt) {ppm) (ppm) (ppm) (ppm)
5 02-267 1.04~321 567~7.68 ND ~095 010~076 082~14.33
own

(10.7) (2.39) (6.63) (0.61) (0.67) (6.82)

01~268 050~235 525~7.68 ND~137 052~081 094~883
Middle

(10.8) (1.46) (6.67) (0.63) (0.62) (4.75)

0.0~265 050~1.85

Up (10.7) (1.07)

521~813 ND~1.24
(7.05) (0.54)

0.34~059 0.04~476
(0.46) (3.02)

*  WT : water temperature.
** ND : not detect.

Valve in the parenthese is mean.
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Table II-2. Variations of sedimentary environmental factors

in study area

Stream COD H>5 IL
area (ppm) (ppm) (%)
1.53~2.32 ND™ ~0.0112 0.85~0.96
Down
(1.93) (0.0067) (0.91)
2.19~264 0.0042 ~0.0082 0.96~1.08
Middle
(2.41) (0.0061) (1.02)
U 181~287 ND ~0.0026 1.14~1.36
P (2.34) (0.0013) (1.25)

+ IL : ignition loss.
** ND : not detect.

Valve in the parenthese is mean.
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Fig. T1-3. Sediment types at the habitat of Corbicula japonica in Namdae

stream in 2000.
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Table IT-3. Sediment composition and type in the habitat of Corbicula Jjapontica
in Namdae stream

Sediment composition (%) Sorting
Station Sediment type value
Gravel Sand Mud

(9)
1 6.5 92.7 0.8 Gravelly sand 0.56
2 52 93.9 1.0 Gravelly sand 0.53
3 4.7 94.7 0.6 Sand 0.65
4 48 93.7 1.4 Sand 0.69
5 74 921 0.5 Gravelly sand 0.56
6 19.1 732 7.7 Gravelly muddy sand 0.88
7 316 66.7 1.7 Gravelly sand 0.73
8 19.0 78.7 23 Gravelly sand 0.80
9 148 83.5 1.7 Gravelly sand 0.81
10 93 89.6 11 Gravelly sand 0.75
1 42 936 22 Sand 0.69
12 37 91.5 4.8 Sand 0.80
13 0.0 91.0 9.0 Muddy sand 0.58
14 28.4 69.9 1.7 Gravelly sand 125
15 30.5 65.0 45 Gravelly sand 1.52
16 12.0 811 7.0 Gravelly muddy sand 1.35
17 315 66.8 1.7 Gravelly sand 1.44
18 296 61.9 8.5 Gravelly sand 1.77
19 0.0 96.4 3.6 Sand 0.57
20 50.9 479 1.2 Sandy gravel 1.60
21 403 57.5 23 Gravelly sand 1.46
22 19.2 78.7 21 Gravelly sand 1.28
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(Fig. T-3).
E3EE 053~1.7709] WezM A8 057~1.778, =8 058~1350, 5t=
0.53~0.880p2 YEelxton, 4F=Z 242 o] B3dtHTable O-3).

4. MAdE

AH MAFe] MAYEE Fig. 047 Table M-49F 2th 715439 A4
Aes 2~464 AA/ w2 AFe dAHe2 50 A/ m olstz Yehge

, BHE 50~400 AR/ m, dFE 50~200 A/ mE 2 3o et
TEFAL. AHE2E 6,7, 8 3 109 A BIolA 200 AA/m oo
E VY E2 MYEEE BYom, 1993 200 A o] 10 AA vvte s}
F e Uz s REr

2710l & 2@ Table T4 #o] 2t 10 m ©]3t7} 3.2%, 10~15 mn
7} 5.4%, 15~20 mm 45.0%, 20~30 mn 43.3%, 30 mno]Ato] 31% =2 UtEGO
™, 10 m o442 AAel 9%8%F AAstn vt AHE Iv)e) e AL
10 mn ©]3te] 4% WA 1~NAHAGML 2@ Fom, 30 m o} oy
AAE 1~168 AFH11, 1223 Ad)dlM 2@z YAHoz 237
35 Tl thekd 2719 AATE MAEe Ao JEhsc

5. 2@z

AE BE2 AU 8~38 mol, R E] Mx7t 20~35 mol Tt
(Fig. I-5). 2+ 10 mm <tFe] /HA S-S 989 H EHE7] AF6lo o545 1
4ol 14~15 m F3telH F3E L=F Holthr), 6Yo] 15~16 mE FA0
E 3= REZ olojFg. o] REE UAl AAME Z75te 996 18~19 mm
B A FREAEA, 1195} 1296 19~21 mn F2oA £rhA] E8s ¢
=7} Yebgoh 283 o]E8 6¥elx 20 m RZolA ERE wot Jelg
t}f o] B=E 2] 119 25~26 an Froll A =3 A ool H 3, 7€ 28
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Fig. 1-4. Density distribution of Corbicula japonica in Namdae stream

in 2000.
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Table H-4. Density and frequency distribution of shell length of Corbicula
japonica in Namdae stream

Station Density Frequency of shell length (%)
(nd/m)  <10wn 10~15wm 15~20 m 20~30 mn 30 m<
1 125 75 3.8 37.5 48.7 25
2 189 33 8.3 59.5 264 25
3 158 6.9 3.0 139 69.3 6.9
4 28 16.7 111 27.8 43.6 08
5 170 74 101 37.6 404 45
6 357 48 6.6 489 393 04
7 203 6.2 15 56.2 315 46
8 464 20 1.4 48.8 45.8 20
9 181 26 8.6 448 41.4 26
10 248 25 6.3 46.5 43.4 12
11 16 125 250 43.8 18.7 0
12 15 0 20.0 66.7 13.3 0
13 31 0 5.0 200 250 50.0
14 117 0 53 440 40.5 10.2
15 78 0 8.0 46.0 42.0 40
16 138 0 23 352 6l4 11
17 111 0 42 437 521 0
18 159 0 49 353 59.8 0
19 2 0 0 0 0 0
20 11 0 20.0 400 400 0
21 14 0 222 44.5 33.3 0
22 191 0 49 58.2 36.9 0
Average 136.5 32 5.4 45.0 433 3.1
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Fig. II-5. Monthly frequency distribution of the shell length of Corbicula
japonica in Namdae stream.
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~29 m FHE FHoZ ALHAG 990l 3031 m FAM FIRIF 2
=7} Jehgon, 129 & 30~31 mu 3t A, ofE3l 2¥ol= 3133 m w
YoM, 283 980 33~34 m S04 FH 2er REch 35 m ol
o] MAEL 2~490] 35~38 mn FolA, 8~108el T 37~38 mn H 7 elA
A2 ool 93t

6. SETE 0] A3t

7S AE3A BEFAEANE DESNY] A8 4T &30 v
A R gtchFig. 0-6). A B2 ZAZF &40d= RS Bo &
5o RS I & ARG 28 AT &30 JAAHNE TH
2 thad FA4E deldg. getd dEste wvd &3

Mo
Mo
ol
oX,
>
N
_\9,
5

g olrr] sl A9 d¥EE dHEig
(Fig. I- 7). d9xlge 11€d 71 L @& B ol Fe AA3] wotAg
7F 340 7 B e EAern, oA A3 F71sh7] AlEslad. 39 4
Ao B FHo] FAHE Aoz R, iy FFo] FFHE A

o2 #arE 388 #EFYNVIE FHAG AP JF(T~99)0l &
o] 99& 71 E o 15¥ge] A wES BASH, 4 13 #F&
e Aoz FlstErt wetd £ A7 A ES dELE &

o
o, ['31;‘: )’

o
ol
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Fig. II-6. Relationship between shell length and ring diameter of Corbicula
japonica from Namdae stream.
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Fig. 1I-7. Monthly change of shell marginal index of Corbicula japonica
from Namdae stream. Numbers represent sample size.
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7t %79 Pie 2 Agee APow AelYoh(Table M-5). Z, 1549
bR 1054 mm, 254 1752 mn, 3.541+% 23.53 mm, 4.54= 28.07 mm, 5.5+

o 7ja 23t dHEFE Mo o AEe Bertalanffy 44249 248 F45
W 28 L2 4898 m, AAASF Kv 0.2042/year, ZHo] 0Y whe] o
22 A8 4E 03169 yearz 2t7} A Qo0], AFAe A ()3} PriFig.
11-8).
L,= 48.98(1 — e ~W3ME—03I89y e, (3)
AR 7] i A5 FAAES SHRE FEAM e Hee
819~37.77 m@om, AF9 HYE 017~17.23 goldch Z% 10~24 e
el e Atz A7t Agton, fo] HFap AAFE FEY HETL A
Aok 243 24~33 mE e FAAAT IS FAHLE UH X
qo} 33 mol ol e thE MR EES7) AgAN FHoz AHHA
gx We WYz 2yxsqa. 23A5E 0985302 v stk o71AM Z
Fo) dEe 28124 AL 743 3AFd /b AHAARE St
(L) AF(w) Y A2 4 (4)9 2u(Fig. 1-9).
W= 667X 1074 L% (R® = 0.9853) rrrrmrrrmmmmsrmimnensiriincennens (4)
A AL 2 @ g3td dA%¥TE AFoR e FAH
Bertalanffy 44722 2 (5)9} Zt}(Fig. M-10).
AT AFe AuAdFdoz A d%E AFS AFEY, A9 dF
£ 049 g 2418 AFE 205 g 349 HFL 470 g 449 HFL 771 g 5
Aol HFe 1112 golUoh o8 EUE F3T 4F4e g A7 gt
b Y AAEE AFTTE AFol 3673 gol A HIsAH
w,= 36.73 (1- o TUIRG=OAEN V2Bl (5)
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714 Zko] 25 mn o] HM7FAE HlaAH wWFZol Fou, 1 o Tt
&5 2 Hxpzh Ag AASe] gl FAHdh
Zt7F 12.80~37.77 mn ¢ AAEY Zhae] AdAAAS S 73 (SH)
Mol 11.15-33.60 mnch ZHA 10~24 me] B9 elMe A Axr &
gtony, zhato] M ARFE Axe Hwrt AR 4F 24-33 m BHl
Ne Adidd Z4He 408 FHe ZEsPgey 33 m odedMe F
Aoz ARARA gn \e ¥R HEIYPrh Al SH= 0.8904x
LY (R*=0.9714)7} #Th(Fig. O-11).

Zhol i ZEHEW)e Ai4dds FuRY RRA ZFe ¥HEs 82
3~2159 gt 277 AL 4% 10~24 e PN E AT 73 v
)M AYE9 HExrt glon, zhgo] HA AAsE FEo Frrh HA AR
th 24 24~33 mn HHdME AR ZTAE FHLE A EXEHA
o1} 33 m oM e FTAor WAHHA €1 HL HAER FEseH,
Aol AFA) SW= 0.9828x LO%(R*=0.9488)7 2 ch(Fig. II-12).
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Table II-5. Ring diameters of each age group of Corbicula japonica from
Namdae stream

Ring n I I3 Iy Is N
1 10.23 82
2 10.19 17.65 204
3 10.56 17.94 24.37 221
4 1043 17.16 23.47 28.68 160
5 11.30 17.32 2277 27.47 31.99 35
Mean 10.54 17.52 23.54 28.07 31.99
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Fig. [1-8. Von Bertalanffy’s growth curve of shell length of Corbicula
japonica from Namdae stream.
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Fig. [I-9. Relationship between shell length and total weight of Corbicula

japonica from Namdae stream.
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Fig. 1I-10. Von Bertalanffy’s growth curve of total weight of Corbicula
japonica from Namdae stream.
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Fig. I1-11. Relationship between shell length and shell height of Corbicula
japonica from Namdae stream.
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Fig. I1-12. Relationship between shell length and shell width of Corbicula
japonica from Namdae stream.
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A4d 3 F

% A EC 4 v ANz 2, 9E, §844, HAE
5 o8 77 oy, ZAFe st Ad YAS AL ey, &
3 oA A Z(infauna)g 3= T2 di7|e] 2R AFAHA FFE AT
T UTHEKLL, 1988). B ALA Y g doiHE 72
T He HHAE Kol L2 AFT 29 digk Ao d¢ 2
2 gddgg. 98e 050~321 ppt=A {71 Hit 239 ppt, =F7}
ppt, A< 107 ppt o, W(1984)9] Zdx FAE Fu e ztzt 10,
11.51 ppt, 3.68~4.33 pptolg}t H 13t Ao uigte] AR g ol FA

o
r2
22
)
N
-q—‘
S
ho
!
Y
X
o)

=
BE 3ol $F gUHe A5 AAFrt wAHE Tolr] o
9 Ao g Mzt

E&teE dIF A

2

7 ERUE B3 &3, 27/ T oA ¥4, F

521~8.13 ppmo g2 H(1984)c} A% S5/ 7|5 (FE, WE, T35, $A43,
s}4%)e 451892 ppmojel Hud A fARLH, AHe AHo)
s FAoIYdT. FdUdHFF POPE ND~137 ppm, NO-N& 0.10~0.81
ppme 2 w(1984)2] POs-Pi= 0.02~0.66 ppm, NO»-N-2 0.083~1.192 ppme]&}
Bk A vl

HAHE9 37 A CODE 1.53~282 ppm, 3352 ND~0.0012 ppm, 7%
(L) 085~136%2 AAHoZ AAFE Y& BYen, ol 215¢
Besdes AFH stddrt 2 Holr) dFeg Asd

Cranford et al.(1985)= Canada®] Fundy7toll A Z70F ¢ Macoma balthicaz}
FAA Hol7t Bol EgtEo] e AH HEAEANAN & UEE MY
=5 Bz HAE x40l MAYEE ZAsted FaF 2d9S AH
shth o] E(1969)& HFEAL AT HA B8 A7 AT A

- 33 -



g Cyclina sinensiso] AT 2 MA3E EHE9 24L& mud7l 10~30%9]
i, sand7} 50~80%z}il Hastgen, o F(1999)2 ¥lA|®  Ruditapes
philippinarum <] 2z F gravel 10~15%, mud 30%, sand 55~60%¢%1 3¢l
M e dx g MARTy Rudtgch T3 B35 Mactra veneriformis?] 1T
BE¥E wAl(very fine sand)7} 75~90%E zActn Buso ATHF,
1994).

B Aol AH MR = gravel 5~-30%, sand 60~90%Z A GAlA=Z
T8 R AAEETE £2 AR yehv g8 d7Ae] F, 1969
S, 199953 ta AolE Helw, o] Fd wet 1HF HAEY d=E
A7) dFo g AzteEo(e] F, 1969 FKili, 1988).

HHEo] 2R Aad IS vHE QRe2E 4 o/d dxd
FEHAE dells E| 57 o o] §(1999)2 vhA" M4 BEFL
35~4502 ThFgE Z7]e] dAVE EAGF XA MALETE UL SR

U}, B Ao Rgo] AAHo T 053~1.7702 HYZA MUz
Falg do] gle oz vEigt v e gdg =279 dARHEF ]
g e MdEdte gH(e] T, 1999), ZIFAH L A4S BARIE AL

o] dx3 X) AS HEr] fEow A o4 2F4E & W AFH

NAjol] e ze Axbdolwia BFo| e dud HAR TS Kol

H
o)
rok

i

) =]
A

_\9.

o]

rr

=3 AHE ZAAE 6, 7, 8 2 10 AHAA 200 A/ ol del R
193 E 2000 AL 10 AA/ m ol3tE, AP ZolE B AL Y5
g YelMe XA HAE FT MARA e FL5Ho] dav] i
At

Zt7e] g 2HEE AN A%, 44 10 m oldrt 3.2%, 10~15 mn7t
54%, 15~20 mn7} 45.0%, 20~30 m7} 43.3%, 30 mn ©]%4o] 3.1% =2 10 mn ©]
Ao ARl 968% 5 ARt A(1977)9 HEA A 886% HT} Egtow,
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ol F-& B AL A Aol 79 o]Fojd A% FAV UL Aer wG
ct.

(1981 ojEtd, AR FEHAM AFD AP A 2RAE &
7 e 2ok E7Ae &Fol FAH: AR Budgc ol B A7
o Azst gzt

F1977)el gstd FE Rl AYB AHY B¢ FABV= 6 7Holn,
3~1097AAE FAE7] ole® ozt o] ofFo Ftm Pk 3
F(2002b)2 AFH ABrle FF AN 74 R H 9¥ seAA
T Bysy go. 2H B AN 43477 9898 Aoz gey
of, 99-& AVIZ AHlal o] VHoE dHE FHIAUG

FEFER AR F7A] -34S FAS AFMFig. O-6), &4 2
] RFAANMET AEAAA A veer, ol AdHdE &34
717k R Az Wol7t & AR Ko, gzl gre oj@A|7|ele BAWE
of RIgtelr] gEo] FF9 #4A 7] D A7 AATT Aol7t wima & A
o7 AIREG

2 AFoe FHE18Ye] A7 YERA] 48 30 m o] & A
So] 277%7} 2Pt BH 76~783F Fo ARAF K 4, 7

it

O

re

o] zbzh 022/, 0463, 472 m= E7lo] wWE AL B T Fx A
o] gt A EAS HS ¥ B AFd X AFTH 1y Al A
o] @gratAl deidth old disiAes £ Fol MAEe AU duide] o
g 74A) B8A4FH EAe 7|dte Heg Alsdth

w3 B AFoM duiAse] 9 XREUAV IF & wEglel 94
oz §F9 #E9 JHYrIFoT o|RFAHLSE AT F UKFig. 1-7).
Aoz Wl 799] ol 682 AR 25 W@

3 Szt o] AAlA A=z Atg P
AR FE#AA AFD A HZ4 EHAME FEH 2L ZY F

=l

e >i
i

re
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el gRo] Fu oy, 1981), §E-& AwsiA] ol #AHA &
& AF7E Bo] BYe A A¥ FA=R FFsle AL HFeA dv A
o, 1 9ol AGEFe] &0l AL ST hAAAN FAHA-

2t HE &EAY oo AMEA wWiEs A 23, 10895 H 699
S Q3 o] &E2 ALHH B 2A 18 JHHT
Aol A#Ag dAlstien, £ dA7dMe o8 FHe

N
A
=2
)
2{_&
ﬁ.,i'-
rr
e

Mouthon(2001)ell &#®l C. fluminend] 75 AF 181¢) WA7|¢ @25 o]
el we} 59 v 69el AlZAStd 99 mx 1094 vhigz sk A
(1977)el) Slatd wEgolM AW B Fo A FH4IIE 6 7809100,
3~1087AAE FAE2) oo ofztel Atgho] o Fo{Fo] FAHACTH A

471 72E JEos 2 A9 44L APae 4ARSE FRAY
s @ Aol 001N el 25 m o AAAE HAAZAE F
dow Baro] MmA Agten), 24 25 m oAOR F7HESE WA 4

3 ANAEo] Bo|l FHAE(Fig. -9, ol Z+3o] 25 m o] F7184
2 87 2 449 A% 447 dFe A7 AQ Aow 4ztdd
olge AN A% ztn ¢ 3 BEFe] FRBACNE MEH A
3}e1 = Qi chFig. 1I-11, 12).

2tz Ztm 2 23T 4EFS A49aA 9571 19 viad sge
Ztme) o] zHEe] W wEs ¢ 5 At
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X3 AAIFT|

A1d A A

AH whety P ARZ4S ANAE Fd Br7E AuHolol o
o, 2R FYAINE AEe7] AsiAE Selel stete] WAoo,
2o 2R AN LE WYL (visceral mass)ol o] glo] A TG w
= WHH SANOT HEES sefaty) oelvms gAiel gus) 248
4 WHe B ofvle] 44uY ore FRANES AP 2AAL AE o

2

AY FHF FEY AATAE Avsls BARACE o), 58, BF7]
2 EES & 4 UoH(Giese, 1959), ZAF HAAE FARHL FEo|H
o7 #¥ =9 wet = h(Glovani and Diana, 1994).

EAFe AAF7) B 2ZFF AdfLe TolA] ZFH(Kennedy and
Battle, 1964), 7}2]vlF(Thorarinsdottir, 1993), Z5 9 X|(Reis-Henriques and
Coimbra, 1990), v}x|2H(Toba and Miyama, 1991), 7}3kZ7l(Sakurai et al.,
1992) & Aoz FaF Fo st Busy ok FuledMes A=)
Fulvia mutica(Chang and Lee, 1982), 7}%2 Cyclina sinensis(Chung et al,
1991), Hx)2H(Chung et al,, 1994), Z7]2|Z7H (], 1995), A7} elul(E 5, 1997),
W3t Meretrix lusoria(©], 1997), Z2(7 5, 1999) 9 A+H 7} ot

AFHFe AAF7l Fepdes ol H(1980)2} @R AFE C. flumineas] A
AF7) A+, HA {(2000a)9) FANH C leanae] H2F7] 5 Z3 A uby
o2 A7 vk Aded, EAF HASEL &5, 98, 4, Ho| 2 7|4
=9 Y T R 23 HENRE T UR 80E Y5FEog o]Fo
v, 53] 97 a2lgo]l 2EH 9 e we} geix HAFIE WA
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71= 890l HZZ(Rodriguez Moscoso and Arnaiz, 1988),
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A2d Aw R I

1. AA Ao T2

Pz 728 setsr] sistel AALE Bouin S0 nHY ¥, T
W9 Pudos Pgastel 4Nrd A9 A4S zAsdh £ 4A
spste] W BAe] mE AL Wae T2E Wotsign

il

2. A2l utg W YA ZE7)

WANEe] FYBAD 4227 seksty] sk APA R WAFAA
Z57tx REshe AL P95 2 Bouin AN 2447 4L
w48 AHAE SRR PEe AX paraffin AR Y| oe} 5~7 me] A&AW
o w59l on, Mayer's haematoxylin-05% eosin @A o2 nlm A3y
o AL W AT wen AHME 27 WS Bead v, o

S wigle] 57L& Redfern(1974)9] EFWHA vzt &5 Wi deddi
T 9549 5YA(HAY), A=) f57), A, il%?l)i Lol #dst

At A2 2AFE Mann's method(1979)8 ol &3tgon, zt MAe Bed
AE zHH oz WEste IEIE 1, AF7E 2 445718 3, E478 4,
Ad7IE 52 ¥Este F4oz yeEyglon, A AWAie] Wg offof
¥ F 4 BEst A8F71E RS

3. /gH

9 APd NAEES dFe2 < AAb g I WE F 23 Y
AAbE AAERT & Avle 2384 A 2HE o83l ZAMBIEL
o, 49 Aul7 1113 SAFHSE (2 37HE Chisquare test§ o] &3] &
Aot = S04 FErE €2 AT
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A7) AE QYR WFdE 2Asr] gstd AF sze B s
€ T4 1x3 F RS BT

e AOAC(1990)8] o] we}, Z el d(Nx6.25) S Auto

N
=
1=
4z
o
e
L
ox

Kjeldahl System(Buchi B-324/435/412, Switzerland)& A}&3le EAMelH 1,
EAYL etherg AMEste FEsI9 o, L 15T dry ovenol4] 64]
Y A F, ZIES 550C e FHEzoA 4T e F FZ3AT *
& glycogen &3 amyloglucosidase(Fluka, EC 3.2.1.3)& o]&3led AAHO
2 FAEFH(Murat and Serfaty, 1974).
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A3d A 34

1L A4z 72

AR Adae Wde LaWd SRRRE S¥e oy I3 gt
H44PI A2 AAA 2R Ak v 4% oy Aok AdAy 79
o S8l FA ¥ glonz wy o] oy, YL 4%a
HuA oz 4Aie W) WREEL AN FRo) BFEIEAA
33 - wusle] okFig M), $83) 448 Aol 4448 Ahsted n
B ogAe A% Be A5 vse BIY 5 AW, FAS FUdos @
S Fwol st WA PAL ohx =AY AYaE A5H Qi 2
$9 42 ¥ 5 Qi Ay,

2. AHAAS

2A%E Baol 49 4449 HI9A B AIFOE el A4
A 4978 F7hs7] Aasted 790 Figes g JERT oF 2
do] Yolukz AVldlE A&Fez Bastht 1284 ta Eolgen, of
) 390 HA(0.16)e HYcHFig [M-2).

3. A9 =AEH w3

31 At ¥4

FEAP G dasd el deoldle dRAXIZEL HNER BAE Yo
A H3EFFEY o9 3 dady ZFW GAED 8 W daagdE A}
oldl AAZAE A Wl =T Y2 da7t 4F5HD 5 3H A (Fig
M-3A). ol2fgt AHa HIxH4L F70e J28 23 243488 AX
=4 o § AuAE 7 FFzIHMe AN daddo] FA=goen, o
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Fig. M-1. Anatomy of Corbicula japonica. Abbreviations: A, anus;
AMS, anterior adductor muscle; CT, cardinal tooth; EL,
external ligament; ES, excurrent siphon; F, foot; GO,
gonad; HP, hepatopancreas; IG, inner gill; IS, inccurent
siphon; LP, labial palp; M, mantle; OG, outer gill; PMS,
postrior adductor muscle; S, shell; U, umbone.
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GONAD INDEX

Fig. mM-2.

N D J FM A M J J A S O
MONTH

Monthly changes of gonad index of Corbicula japonica from
Namdae streamm November 2000 to October 2001.
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Fig -3

Photomicrographs of gonadal phases of the female Corbicula

Japonica, A, Section of the ovarian sacs in the spent stage (x

200). B, Section of the ovarian sacs in the recovery stage {x
150}, C, Section of the ovarian sacs in the growing stage.
Note small oogonia along the germinal epithelium of the
ovarian sac (x 150). D, Section of the ovarian sacs in the
mature stage. Note unidentified mesenchymal tissue and
pigment granular cells between the growing oocyte (x 200).
E. Section of the ripen ovary, Numerous yolk materials are
seen in the cytoplasm and nucleolus in the large germinal
vesicle (x 200). F. Section of the ovarian sacs in the partially
spawned stage. Note the presence of a few undischarged
eggs in the ovarian sac after spawning (x 200),
Abbreviations: Oo, Oogonia: Oc, Qocyte: dO, degenerating
Oocyte: 80, growing Oocyte: mO, mature Oocyte,
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£2THFY ILAEY 2)E 10 m AFE AL A4 2 Ho) AxA
FUF AP Re AARAT. dGETe 22D, HE G4 54482
HYchFig M-30). WML 271 GRAEZ A%a7] A4shus do]
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B A AM Aae HI FEEA g 98 3= AxE
°f AEHAGEFg M-4A). °|F FA7E AAEA Jodde 2FEF W
M = AdHARH FAe FRAF A5 A wEEet Fax
st PR 2 afdS nRste] TR RAREAZA X
TAE ALABSE olFo)A AUk 271 A2 A AEAREL WG
o} R A 2AZA AAFeR Uehyr] AFstgend, o= A@
B JEAEEC] g @Y DH(Fig. M-4B).

Badde 4407 o E9d %S EHEM A FdA
£ B ofvs ARAESC] ey AFadn, FFoz g of
W oAy Whde we vEd nEzFel Manys g TR

Yetger, Jark & o deEsE Be YAME, YRAYE a3z aFe

BATEC AAARZYE FY WS Fal 24 L, I Aest @

28 A7t FAQTFig MA4C). W8 FAEc] A& Z7letdM Y5
79 2P FRE 449 Be 39 A 22 2P 582 o2
(Fig. M-4D). ¥&71oE WAGS NEd T¥ AR2A2 D47 G240

o2 ANAWA Fase PUALSH FRAEZ0] AL Loy, Age]
R AR2AEL FoABE) AARAAY £F Bol2 & AN (Fig. I
“4E). o] dolup Fuislel AW AxEo] Aol WHHol

Aulde BAHDL Aol 8 Ro| Ao, AR PASY At
(Fig. II-4F).

}:g Al = 7]

228y Pz 2AME A AAFe 447, A%, 957, 4G
71, 35719 Ad&AHQ saA g FREHCH(Fig II-5).
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Photomicrographs of gonadal phases of the male Corbicula
Japonica, A, section of the seminiferous tubules in the spent
stage. Note undischarged spermatozoa and disintegrating
tissue of the testis (x 150). B, Testis in the recovery stage {(x
1560). C, Section of the testis in the growing stage. Note
spermatogonia along the germinal epithelium (x 200). D,
Section of a seminiferous tubule in the mature stage. Note
the layer composed of spermatogonia, spermatocyte and
spermatid on the germinal epithelium (x 150). E, Testis in
the ripen stage. Note the enlarged seminiferous tubules
containing a great number of spermatozoa (x 200), F, Testis
in the partially spawned stage. Note undischarged
spermatozoa of the tubules (x 150), Abbreviatios: rS.
remained Spermatozoa: Sg. Spermatogonia: Sc, Spermatocyte:
Sz, Spermatozoa: iT, interstial Tissue,
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Fig. I-5. Monthly change of gonadal phase of Corbicula japonica

from Namdae stream.
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5. Ag#]

5-1. 22 8H A

Aol n A% e a7t 3B FH 53] FA EEHA o] A3
A el Zastgeng, gAre A A o8 dF & 7 A
o] 7bsatgth B3] 3BINE 159 A Ao gt 44 T
#ee AT (Table M-1). A5 395702 F <A 208704, 53 18674 =
otzio] wgtou} 95% A=A Wl Aol st 39 dHle Fol8HA]
OF 2k TH(P>0.05).

L

52. 2133 A

A& A6 PR dihe HE3M, Jhe FRAE wed o 7

zoz ¥y A ¥= ANE 2%y WEAdd vlms) £ 2 867%9]
LA&S RYth €E=2 E oy ¢Fude] JFAL FALATS 74
T WEs B ddart A3 A 7he A7) 489 97.0% 2] dAE
< wao go] fo|Fom, AR At A e 108743 Aol
7t 1199l 586%2 Ao oYt o|F AAAA gyt YA Fobd 124
of 82.8%% Al A Eo] Tl o 1€l 71 v 50%9 dAeS H
9 tH(Table M-2).

6. A4E W3}

AF 7HaRe 48 248 £AY A Table M-33 20 482 1499
91.90% H o} Az} 7rAste] 99l 86.68%Z UEhgton, olF 11¥e] 91.65%
Z A 271390 @ AL 327 187 394 4.70% 9 590%010¥ A
o] AH@71¢l 7€} 99l e B8.37%S} 9.13% 2 FrlslEen, o|F ] AT
Aok A A fARS Aoz 146 7Y Ra 98] M =
$¢ Btk FEH FYRAL FE7H F7H8H7) AlEste @)l 743
9¥ ol 7rAstr] AlFSATH
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Table TM-1. Monthly variations in sex ratios of Corbicula japonica which is
larger than 10.1 mm in shell length from Namdae stream

Date Female Male Hermaphrodi Total Sex ratio -
tism (F/F+M)

Nov. 2000 18 14 - 32 56.25 0.50
Dec. 2000 16 14 1 30 53.33 0.13
Jan. 2001 17 13 - 30 56.67 0.53
Feb. 2001 16 16 : 32 50 0.00
Mar. 2001 16 16 . 32 50 0.00
Apr. 2001 17 16 - 33 51.51 0.03
May 2001 16 14 - 30 53.33 0.13
Jun 2001 19 18 - 37 51.35 0.03
July 2001 18 17 - 35 51.43 0.00
Aug. 2001 25 16 - 41 60.97 1.98
Sep. 2001 15 18 - 33 45.45 0.27
Oct. 2001 16 14 - 30 53.33 0.13

Total 208 186 1 395 52.66 1.22

* The critical value for X* goodness of fit test of equal numbers of females
and males in 95% significance was 3.84.
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Table IM-2. Fitness to the histological sex by optic observation of Corbicula
japonica from Namdae stream

Month Nov. Dec. Jan. Feb. Mar. Apr. May Jun July Aug Sep. Oct. Total

Fitness 58.6 828 500 969 931 970 867 882 943 951 750 1000 86.7
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Table III-3. Proximate body composition (%) of adult Corbicula japonica from
Namdae stream

Moi. Pro. Lipid Ash Gly.
Jan. 10 91.90 4.70 0.60 0.26 1.71
Mar. 23 88.59 5.90 0.69 0.68 3.25
May 12 87.66 6.56 0.97 0.74 2.81
July 14 87.33 8.37 1.37 0.52 1.73
Sep. 11 86.68 9.13 203 0.62 1.75
Nov. 10 91.65 4.02 0.41 0.28 1.72

Pro., protein; Moi., moisture. Gly., Glycogen.
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A48 51 FZ

B ZA A8, Zd 9T g sk vlege AYste AHE A
SolHlolm dAZTo R AdEHUTH A HE AH(Maru, 1981)0]r} 4
A (2001)e] ZAR Rt Zgioh 23 A FFed] o]&" AFH 395749
A Ho) 3720 mn, HA 1058 mm, I 2691 molPon, AFL H
10.66 g HA 077 g HT 473 go2 Ve Wi AH(2001)0] R 50% o
Aag Hole b WY 10 itk HliA & ARSe] APHUT

7o) a4 wede] 9lol A xE AH C fluminea(e) 9} A, 1980), &
2} Turbo cornutus(®], 1980), BZ/N Anodonta woodiana(7g, 1980), EAF AH
Corbicula japonica(Maru, 1981), BrZ7) Solen strictus®} B& 9t S. gordonis(
%, 1986), 7§22 7] Mactra chinensis(Chung et al., 1987)5 oA Ru= 3 Qlch
2 A3 23, A da elM Fd3te RlEEtE AR AAagAx
Ex GEAXEY 27 AAVIFE F5EA uEyr] ALt bRz
g A FH 3 57 ZAEuTE d57] dhdMe A Fols 4 gl
E Hog o], dRANE ZFol Boldtes dFAMERE YA o9 FY
A A g ME FLHE ¥4 F4T A FRAEY RV
Nl FR8HA el r] AFEie] AR Ee) wad A AdE T ks
M A ol 4 gle vRe EAH A0 HE 9A A FEA
¥2 AZEch Maru(1981) & 22 AFNA -3 F YA zEs
FAZY e, oA WA UGS BAMEE Bt I FIEEEHE olF
dasls JRE Baae] FA, 4 AMgstE 7|Res FFPEGY Bu
et gutAo 2 AYFAE dte FEL WEVE AUE AAATE FA
7ol Eol7t A oA AAHEE oty 5 oA 5, 1986, Chung

%
et al, 1987; o<} 7, 1997), A&, 2z} M2/, ExAe s 0 & 42



27F FA7E Bt 21 2 HESZ Syt 4R MAANEE B4
7] Al&bstoh(o], 1980; A, 1980; Chang and Lee, 1982). ¥ AHS G544
A Corbicula fluminea(c)®} A, 1980; o] 5, 1985) @ B AH C
japonica(Maru, 1981)3%} vha7lx 2 et Wby & AALT SH SHEHA &
T EHIEEA vtE Bipdgstn AR e S5 AR A A4 AHx
7} BAEAG. o9k 2ol FAVE A ¢ MEE AN {2 I4H
E A Hird #FHEe AMITZEMary, 1980 o] e o
A7t
AFol AT A4 g AWete 4802 £, dE2AL H
Fol s AtHGiese, 1959; ], 1980; Chung et al., 1987, & &, 1997,
, 1997, & 5, 1998). £ A HE 20| 10T otz 45shs 4895
& ARA7E B §20] 20T oS Hole 68 2 B 45718
Ql 799] 26T 420 o] of #%7E Hh 1
7TERRE ALAHQ 5L 7|E KHolE 8€¥ o] Hi} spdste 99
A 7179 AA71E BATh o|F 10T |82 Faske 10Y
ol¥ H3}7lo] HolEn F2o] 7bF o} 0T Welg vefube ol 53 1
/A Z712ke g BTl Eelvte £HS RYCHFig M-H).
ol o3 Waxe BovAd w2 Aoz vehd 44
S5CoM 11.8CE F7H3t= 44978 F78t7l A&t 72707 34
78 Bo Hug(d83)el =23n. olF Aol dojue AUlEd
£Hog ZBasitrl 1290 i wolAE EFE HAn o|Fd 39 F
Ak(0.16)S Bt ol AL ge] € WH 718} dAsh=
AgS g =3 AFH &9 HASHE A2 (FS f, 1984; 7 5, 1985
A %5, 1986)9} vhAstAR 20 AA A9 eyl vlste] e wheh - Ay
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rr

AgEAY Belg A% A5E WS FoY ST A BN AdE
Aol WEHA Hazbge] €3 105 m, FA 144 m=2Z Huso] o
(Maru, 1981). ¥ £& vt xut B C sandai2] Z-$, FESH HA 23
o] 144 mm(Hurukawa and Mizumoto, 1954), $-&viet 35244 A4H C
elatior& 4# 17 an 52 15 m(q, 1977), 2532 C flumineats 243 15
m o] d5E 2E A A #Ariste Ao E Jeh(e] F, 1985), A3
&o| AS AESH 4 el e fAEIHch ¥ AFdA @37 FA
o] /MA <] 50%7} 22 WAl FAristE ZA 10 m o]Fe] AAME &g
228 273 A9z A5sT 5 gk 2eu AR ol&d A9 EE
MAZE Aol ol2e] A4 15 m oldold 44 AAZ A E FI7 8l
g o2 Hzen
ZNFE BE A¥Hoz o, 79 TR oL A¥7

mAde AAe B2t R F9dd F3] FA4 &
o] AP oER, WAL £ AFd o]
sttt 53 H3 ¥ FAVNE 289 2483 5o gt
o ojEge etk 4% 39570A F A 2084 A, 3 18eAAAZ AR A
A7d gekont 95% A 3HA el t3lel dig 32 Hule FolstA @
of 1:1¢] Hul& HHARP>0.05). =g A7l AHe dae AFY, Hie
med o8 v|EoE YA Aus dns 2T A54He
sl 2 A 86.7%9 AXEE BYTh o] €EF B AFF o 7 0
wol AL AALAFd T WHHE Ho AAAv AR, Az vie
A7lel Te UAEL Ko eyl AF AUfEA & F Bey & EF
o2 o|&% # Jege #ddt

Z7WF AS AL 2EE gEide Ay dLEFo] ojFsuER o
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o lth(Barber, 1984). ¥ el A= AAF o FUEAS AN 47, 44
719} A Age Hele Aoz #eEch Barber(1984)&  EfutriEiH]
Argopecten irradians®] A 4ol JYEAE FFste astdddt Hz2 23
Ulo] G REe] Ws 2 AFBAE PAE TAULE T3 TASIA
o oul, FErIEQ) s 23 WY A B 2|5 chel g st

[
rlo
o
1>
b
o

SR HALoE WA= ¥k
o7 ABE F AHAZ oFFHo Aute] AAA o FAHFHI, dyEL
ZF 7139 dyR|ge] "oty Bastglch =3 B oM AP ~FeR
7lgo] mE FYGEe] HEE At E Gy AAF AREA 23,

WA e 8% 3 447l e uge B F g4y 2 4D
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ry
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1o
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r

ZelE B WEs Bk 28y 22 A7 5 &g B
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A1d A A

2l

ZAFe 9F FEAN A3 A 21 FdY FARE FBs= A
oln, JaHEe APAHE Folv Hl o AZAAAG ayER A5
ol ZRE A e FAJE A7) AT oY A PHEC] AxHT
ATHel, 2001). E=3F Z7AFY 9F FRALE A3 FAHAM FASA7
Ao} 7] 47 AEEE Eool ded, FHAE] FRAY 7TF Yo

g H9F 3R gv= 2y B Kol Slof 23 dF Fo 84add ¢
2} 1 AEgo| gepzlitk(Imai, 1953).

FAF A9FH M- AF WHoze 252 (Galtsoff, 1938; Loosanoff

o

and Davis, 1963), 3}8 Aj=(Iwata, 1971a; Kikuchi and Uki, 1974; Gibbons
and Castagona, 1984; Crawford, 1986) ¥ A £33 2= (Iwata, 1971b) a=
Atk oy tlfEe] nERQA AEFO A whHoln, ZIhFo )
A& serotonin X 2ol g 22 (A Aol A S| EF(HR -,
1974; Matsutani and Nomura, 1982)¢} A Z70(FfE, 1980)8] ArahfE a9
of musol ik Fhteel e £eu HE A @ A S ATl
o AR APHo] o]FojAw Yor}, TAFINE W AT,
1975), A7F2lvl(7% 5, 1996) 2 upIS (9 7, 1996)0] w5 4393 Hie
Synigel JFFTEANES AT AT, 000 ok ¥ F Yok
H, Z/AFY Ao =g A4+ = (Staeger and Horton, 1976;
Stephano and Gould, 1988), &-v]4 B4 §}H(Clotteau and Dube, 1993), &3

b
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£ (Dufresne-Dube et al, 1983), 7}&] H]%(Gruffydd and Beaumont, 1970), 7}
T2 A 4, 1973), vl 2(F% 2, 19%) & goh e gRee o
Sol 484 HE A7ZM ATFRANS AF ATE =8 Holth

2AFY THAN LEE 27 @IS AE EET fAe B B AN
of & 4¥E vAY, hArEH AP ENE AFFHeE,
o Q8g mAE= 29lo|th(Ventilla, 1982). TF E & s5odd HAE
Zoz2 Aut G ot #FHGo] e A AoR FHHAY 27
AP ETH gL U Ao Agd
ety 2 AFodMe A ZaAHQ iR EE ggtr] §ste
27 884 2L NEEJen], ojE e dojd FPTY DAY LA

=Ag Welw, Fae YA 99 H3 2D gersgeh

I‘ll‘
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A28 Ax 2 Py

1. a3

Aol o] 83 AHLE AF7Q 7890 AYUE FIFF JFiH TN
oz AU b 232157 mn, AF 49434 go] S A}431tH{Table
V-1).

Table IV-1. Number and size of adult Corbicula japonica used for the
experiment of spawning induction

No. of Shell length Shell height Total weight
adult (um) (mm) (&)
16.3~354 151~33.0 1.8~16.4
3000
(23.2+5.7) (21.3+5.2) (4.9+3.4)

A A =Zole Adfzd $83d 24413 -FAR L, 500 ¢ 9
AFRLE SN QREEY F2A4Te WgES 2 HY dre
notst &, gz gt FriAs, A9 2AE, HO, 2 NHOH §9 3
7t AF5E A3 B ES AT

dEE S22 G50 ppt)s 3, 6, 9, 12, 15 ppt EE o2 TR A
2o ARREE olu|E 41~47T FeAlA AF3gen, A4S
Ao Me A7l A5E A AAESA00E/m)E ME 1 £F 10
md  H7IEEen, LA ZAIASFL i - 12(1974) el @)
HyO, 848 5o Hrlste A3 AFHEEE 1/100 2 3/100 N2 Z2F
dg9ov, NH,OHE s5d F718te 23S 171000, 2/1000, 371000 =
5/1000 N& A&t /Y A5E A8 38 15 §F 24 ©
E WSES AMIF U sAHES ZAEI] A3 20T ALSFold =2

il

L
r
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1A12Y 37150l
of 83l AFFEE AT W - BAHE 4 AT FA AFFAE A
71 ¥ 30 um FEAAM ARG AT 2 3~43] A} H FEQ0 ¢ 9F
Zet2gFz)d F43td $HE58 734

Z2233 F 20, 23, 26, 28, 30 ¥ 32CE 2AH &4

]

2. Z}7e]] mpE AbdE

44 213~365 mo A 300 E dAo s 2F o ©E ATFE =
Attt A ¥ AAY AHE F& 20T dlFFddA 2d ¢ A AD
F 1 ¢ vle]A) 10188 F83e] =2 BTE F5Fo2HA 43S fas)
[k AbghEke Abe A 1A F AEE F 5 QA Fd A A3
Aot

Astny z dgeAe] olzsAAe] Aarzh HEES 08 pAos
AAGUI S AHeste] mARIEOD, LAGAY 28AZHE BIFE 2
50% ool HAshe WAVA o=t Aoz &

¥ $HY e AR 6 pptel MW H5E A 5, 10,15, 20, 25 2 30
€ #£02 7 @AY AL Faee ok o £4UE =
Abhge g Ada s9s sk
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5. 49 FRYUTY BE R3S

49 HA F8ExE zAME] S4ste 1 gulo]Ae] £ 25T, IE 6
ppte] EWE F5E Agsigen], 4o &A= WP 20, 100, 200, 400,
800 @ 1,600/ 2 stAch
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A el Alerente 9ste] dBW Fex= Az Hygd HrAT, AYA
ZAAE, H,O; 2 NH,OH H7}x2 9] uhg52 Table V29 33 2l
e e @59} 3, 6,9, 12, 15 ppt @EFHCT Uo 749 159, 8¢
209, 99 3Y7bA] 33 AA|stiTable V-2). 7€ 159 2 216TE AMS
S 28 g 263CE 1MES A5A1 A3 249 15 pptllAes A i
Sl fided, 3 ppt sl E &3 2vte], 3 5utE]7} §hEEl 7.0% 9]
29 B, 6 pptlldE 15%, 9 pptll A 80%, 12 pptillAe 2.0%9)
HEe-S BT 8Y 209 42 242CE AMS3ld RolE 284TE 1A 059
e N2 A 259 15 pptellAe ¥ whgo] fIeH, 3 ppt sl A
= 82.0%9 w35 BHYR, 6 pptoilAd= 91.0%, 9 pptoll A= 78.0%, 12 pptel
e 260%9) ¥e g p gt 99 3¢ 22 202CE ALS3tE 2o E 246T
2 INZHEL 3 A 23 259 15 pptollMe A wkgo] gldien, 3
ppt SlFolME 66.0%2] WSS BHD, 6 pptollAde 68.0% 9 pptllAE
56.0%, 12 pptel M= 18.0% 2 ¥Hg-& BT o|de| Azz Heol g8
225 g3 AF FHAHF ABHFAE 6 ppt golA sHE FsEA
6 ppt FolH BRAGHE HIE AFoMe 8¢ 20¢ 3 9¥ 3dd 7}
Z} 26.0%9} 14.0%9) ¥r$EL Beoy RHEAIAZI HO, B7L A=)
Me 897 9¥d & ¢ EFA yg-S Rolx] Fch 1dy NH,OHE
FTEHE 7S AFoAe 30% HF ¥eES BYed, 2/1,000N 5%
oA 89 20 7} &2 500%¢] ¥ EE H?&EHTable V-3).
F& 20TAAN AFFA BEfE F71FN 1M =% F 6 ppt dlolA
20, 23, 26, 28, 30 2 32Co} F&3l +2¥ wgsd ATF L FHES

rF:
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ZAE A3, 26~28CeollA we HHSES HPod, 28CdAM 71 =&
92.0%9) HlS-8S Rt AATAE G GoAMT 26, 28 L 30T A B ¥
o] o] AFEUoY 0TAME FHEC) 507%Z 26T 28T 2] 80% ©
FEot @A yesiti(Table V-4).
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Table IV-2. Spawning induction of Corbicula japonica with water temperature
stimulation on different salinities

Number Percent

Process
o of of
Salinity Date of Number
) ] reSpONses  TeSpOnses
stmulation o
$ ¢ (%)
Freshwater July 15 21.6T—263T (1 hr) 100 0 0 0.0
Aug 20 24.2T—2847T (1 hr) 100 0 0 0.0
Sep. 3 202C—24.6T (1 hr) 100 0 0 0.0
3 ppt seawater July 15 21.6CT—263C (1 hr) 100 2 5 7.0

Aug. 20 242C—-284T (L hr) 100 40 42 820
Sep. 3 202C—-246T (1hy) 100 32 34 660

6 ppt seawater July 15 21.6TC—263T (1 hr) 100 3 12 15.0
Aug. 20 242T—284T (1 hr) 100 46 45 91.0
Sep. 3 202T—246T (1 hr) 100 37 31 68.0

9 ppt seawater July 15 21.6T—263T (1 hr) 100 3 5 8.0
Aug. 20 242T—284TC (1 hr) 100 35 43 780
Sep. 3 202CT—246C (Lhr) 100 29 27 560

12 ppt July 15  21.6T—263T (1 hr} 100 0 2 20
seawater Aug 20 2427C—2847C (1 hr) 100 nm 15 26.0
Sep. 3 202TC—246T (1 hr) 100 8 10 18.0

15 ppt July 15 21.6TC—263T (1 hr) 100 0 0 0.0
seawater Aug. 20 242C—-284TC (1 hr) 100 0 0 0.0
Sep. 3 202T—-246C (1 hr) 100 0 © 0.0
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Table IV-3. Spawning induction of Corbicula japonica with various stimulation
methods in 6 ppt

Number Percent

Process
Stimulation of of
Date of Number
methods . ) Tesponses Iesponses
stimulation
¥ 3 (%}
Add sperm Aug. 20 10" inds./ml 50 8 3 26.0
suspension Sep. 3 50 3 4 14.0
solution
UV-ray Aug. 20 670.2 mW/h 50 0 0 0.0
irradiation Sep. 3 50 0 00
Aug. 20 1/100 50 0 0 0.0
3/100 50 0 0 0.0
Add HO,
Sep. 3 1/100 50 0 0 00
3/100 50 0 0 0.0
Aug. 20 1/1000 50 8§ 10 360
2/1000 50 1 14 50.0
3/1000 50 6 4 200
5/1000 50 0 3 6.0
Add NH:OH
Sep. 3 1/1000 50 5 7 240
2/1000 50 9 8 4.0
3/1000 50 3 5 16.0
5/1000 50 0 0 0.0
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Table IV-4. Spawning induction and egg collection of Corbicula japonica by
different water temperatures in 6 ppt

Spawning induction Egg collection
Tempera- Numb R
. umber Response number . S
ture () Response Spawning egg  Fertilization Fertilization
number  egg number
rate (%) rate (%)
§ % Total (>1,000) (1,000)
20 50 2 3 5 10.0 160 78 48.8
23 50 7 11 18 36.0 1,120 751 67.1
26 50 19 18 37 74.0 3,160 2,620 82.6
28 50 21 23 46 92.0 3,700 2,985 80.7
30 50 15 19 34 68.0 2,650 1,344 50.7
32 50 3 3 8 16.0 170 35 20.6
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2. 7o) wE b

Ztao] we sh@ee Fig V-13 20h 74 25 me| Aol setde 451
A7, 24 30 e 758, 2 35 mi 1L065HME, ZHF(SL)e] F 7t
we akekE o £(NE= A4d4 S718 Mo, 7 42 NE = 61.39%SL -
10833 (R* = 0.742)7% zt},

73}

AR 27 S we Fend 54L& Fig V-29F 2ot €€ 6 ppt,
£ 25T M AL FHOET dH L 863 molFon, FHo] gaW &
< A1FAE FAFig V2T F, &4 F 1A7e] AU A1z &
o] 24 %712 HJ3(Fig. V-2B), $4 £ 24 zto] =W 44| E7|(Fig. IV
-2C), 2A13t 30%o] AREE 84 E7|7F HUH(Fig. V-2D). 3 F 321 7
Bt 1M E7N2 Hlev(Fig. V-2E), 8 F 443 1080°] Zosid A
Tt AA A& E AlFA3s Ejrlo] o]23] o v(Fig. IV-2F), 6A17 15%
o] Aud Ful71E AH(Fig. IV-2G), 15X 7e] A1} YAdAe] 485
E3le E&AFA (trochophore larvae)o. @ X3} ch(Fig. IV-2H). 3 ¥
Zh A 7R 9] L8132 Table V-59 2o}

o
=

FEA &
5T oA A FAHL2 8 3~9 ppt YoM 70% ojie ¥
48 RPo} 12 ppte} 15 pptol NE 40%} 28%9) ¥ R
#, 0 pptoll e 0%, 20 pptol M€ 10% 9] #e $5&¢ »chFig. V-3).

re

T3 & EE 6 ppte] AFE ALY FEAFATA S 28 Rise
Fig. W48} 2t} 5T 10CaAME 54 F 4430 ZAFHA7R AF LAayo)



o] Foix A gkgkth 15CAME 44 07H4 & 4FE L HH o, ARtel 3
ol wel FEgol FA PFadte FEAFAY] vEtE £ AT F
de 50%e MELES HYch 20T 25T & =PAMT FEATA
(trochophore larvae)7|7kA] 70%%t 80%¢] WE&< Rk 28t 30T A
T R wyrot R-8h8o] HEsh

3-3. ¢ #EUE & FIE

o] #LUTd wE R mF 20749 ¢ FEIAS W 76.0%F
ngow, M 10074y &4 FEAS o 815%2 7HE A vest 1
g} o] 4T E pe 2007, 40078, 8007F 2 1,600/ REA L ), F
382 7tz 764.%, 705%, 56.6% L 508% =2 el & 4 Ui}t =&
5 Pahgo] vA vebgthFig V-5).
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Fig. IV-1. Number of eggs (NE) on shell length (SL) of Corbicula
japonica by water temperature stimulation.
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G H

Fig. W-2. Early development of fertilized egg of Corbicula japonica.
A, 1Ist polar body: B, 2—cell: C, 4—cell: D, 8= cell! E,
168—cell: F, blastula: G, gastrula® H, trochophore.
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Table IV-5. Development

of Corbicula japonica at 25C

Elapsed time after

Stages fertilization Remarks
Fertilized egg 0 86 um
2 cells 1 hr. 00 min.
4 cells 2 hr. 00 min.
8 cells 2 hr. 30 min.
16 cells 3 hr. 00 min.
Blastula 4 hr. 10 min.
Gastrula 6 hr. 15 min. begin to move with cilia
Trochophore 15 hr. 00 min. hatching
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Fig. IV-3. Hatching rate from fertilization to trochophore
larva of Corbicula japonica in various salinities.
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Fig. IV4. Hatching rate from fertilization to trochophore larva
of Corbicula japonica in various water temperatures.
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Fig. IV-5. Hatching percent of Corbicula japonica eggs with
different stocking densities.
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A44d 51 F

AE gL TN FEE 97 Aoy, AR Q1 sl w%
4 o AdsEE F7)Ad 2ol AAH=Z(Longwell et al, 1967;
Osanai, 1985) H-4& ¢ +#A43 Tl o]Fo]x]7] fsMe 28 ¢ o
A A el F£A4e] o|FejA ok stk AT $AHL A HAL) <l
A A3 AtdE dolgtx 33 E(germinal vesicle)o] fF-of A glol
FAo] §ol¥ FX 312 1H(Allen, 1953; Clotteau and Dube, 1993) 7} thi
o] GHEI A48 Fol AL Dao] o|RolAE Aoy LA: ¢
Loosanoff and Davis, 1963).

BA - AM(1985) e I7e 2ol AHLE A AF FAHAY d,
A4S @A Rz o, o H(1997)2 15.0~450%9 $AHEE
HAGsr st 22 Folzgt AguAd wet "o g $Hs5Al o)
& A2 Bt o] AFoMe BA - AK(1985)7 2ol WA A A
M e FALS dA Rotd LI SA3] 24Eojop £Ho] o} Fo]x)
= Aoz Al

LEAFe]A Kanno(1962)$} ©] £(1997)& ©YAFRTl B Ao ol g
237 %93 QA o] AddlMe E5oMe] 2xFe Bigo] A
o, g8 F2AF A% A AL ANDAAE 6 pptalol
N v Fssget. 6 pptalsolAl 20, 23, 26, 28, 30 @ 32T o] oW A
8 R AT APEH, 26~28ToA AP 2 FHEY vLgo] AF 43
&3t

79 Abgarel NaOH b NH,OH &94-& #H713ld sf59 pHE 9 2
o] FHHETH KT 4, 1943). Sagara(1958) 5= NH,OHE A7} 2
8/1000 N o|3lof| A vt - whAo] dojdin HuEgoen, o] 5(1997)& =

o

[e]

F
T,
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7lel 2 ) el 8/1000~10/1000 N o)A 713 2o ¥leS 1}
stg o, o] dAFolMde 1/1000~3/1000 NojA 15~45%¢] <l
Ao a8y A1ZAF F 1986)9 = o] ApFow AFFE ERE HZ
XEATL Baste] Fof me} Jolge & 5 gl

Al 3G 277 8643 ym AT FROF th3 Meretrix lamarckiiz)
%27 Solen strictuse] 80~90 m(Hi, 1982)9}& ni&stgon, uixzH(4l,
19943 27219} =, 1997) Boke Hou W7 FH2001)e ARA 7
FAHY FA4HE 277} 80~90 s Bugd §AEgY A0 95" o
< AISAE AT £, £ F 1200 Ayd Al G@e st 2427
2 HAL, £ F 23] =HE 447, 242 3080 At 8HE )7}
At £ F 343 AASE 16ME7E Hen, 53 F 4413 1080
Aastd HE7E AA HALTE AFss T ol2gon, 617 Ay
| GuiZIE AR, 15820 AUd A4 43k F S wEsle e
oz F3stqr.

ZAFE 271 ABANE HolE 9A gt 77HY i B EQre i

g

#70] ostel HEgo] 9

AME FEAFAYZIZIA 70%9} 80%9) HEEL BRPo} 30TCANE 23
A e wgtont Falgo] A2y ARAE HYoZHA $20] B85S HES
< HolARg ditAle] WalRs Ao ® ol £ Asd oet sl we
‘ = FHoln

€ TN A YD ARG 5 AT A% g AT oy
B gAge B ATE FAFIN, AFTFTHAYNA F4F g2 oleH
T UAEF AR ARFY, o2 R AV FE AARe2 9] Y3 dS
AL d77t o] FojAol & o Bddn.
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42 R5ed 2 AL

A1d A A

ZMFY AEF AFL 273 dF 5T 294 8d3 o), HHAYPE F
BE3H g1ld 9FE ¥=rH(Kinne, 1964).

ZAFE AT FRAMA A FA7I FAFd vAe F43F 8=
T G, £2E, 49 xR HoAE Fo] o 1 FANE 5239
RS AFE Audte 18 Fa3 g4 acle)uie], 2001). =3 =AFE
A BHAEE o SRR ¥ FEAMNS HElHe AEA R4

59 w7}l o) F 239 (Epifanio, 1979a), Z/HF 2l Yol= Chaetoceros
calcitrans, Paviova lutheri, Isochrysis galbana7} Bo] o851 Slti(Delaunay et
al., 1992; Marty er al.,, 1992).

ZA% fde 44 Azd B9 ATE Fen v 844 29
(Helm and Millican, 1977; Dos Santos and Nascimento, 1985; Nell and
Holliday, 1988; Robert et al., 1988; His et al, 1989), |4 & F 7 (Wilson,
1978, Romverger and Epifanio, 1981; Enright et al, 1986; Helm and Laing,
1987; Laing and Verdugo, 1991), Ho|AE F g #F(Epifanio and Ewart, 1977;
Nell and Wisely, 1984) 12|12 Ho]o] H&]4(Wisely and Reid, 1978) %
At

Felugtdl MY 2 F FAALSA B8 d7E /(199 T8 Z2AF K
A7l Heolgy FAe #F AT ofF, HZAM(HEA 7 1973 ¥ F, 1976, 3
5, 1980), 7lglvl(else} =, 1980), Z2/(Z %, 1995, T 5, 1995 H9f ul,
1997, 91 %5, 1999), Edish(e], 2001)S WAL 2 Al 4L, 784U%, HolA

&

2o F 2 FFF 5 0¥ A7V You GFS 2R FHo|4L
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pATOE oS g8 d77F 7€

Ao} A A% Are F=FY A Ho|WE THA wE JA(Laing
and Millican, 1986), X =} F&dx¥ A (Holliday et al, 1991), £ &
AlZbol W2 Al A&(Spencer et al, 1978) &°] 3129, Crassostrea rhizophorea®]
21F A3 AAHRampersad and Ammons, 1992), Q1 ZA4A A sje] A4 <
2 (Spencer and Gough, 1978), S45Z Ab{ol] 9ol #42 9&(Rodhouse
and O'Kelly, 1981) Z18] 31 S4Zd A A4EF Z77A 9 %24)(Spencer et al,
1992) Fol Utk ®=§ Friejuie] Afe HolME FRH @E A,
1994) Fo] Ayth 1 dFE AF FEL FAYAY dAFAEY &
oz HRAA I IR XH Ggd 28 AF= AY ok

B dfdMe AH fA4Y wEdAd g 54
FAANS Sl HH #7, HolAEe FF ¢ IHTFS XA, AR WEd

a4g d7F AASAH okgd S-S T AWAS dPe EAE

1

)
r“ (o4
H
o
s
oX
>,
lo
Ao
_?l_',

=)

¥
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A2d Ag R B

DY #Ae Ao wE Fe A WS A7) A 1 ton €%
ofedl FxAA FL& 23T, € 6 ppt, FALE 1074/ w2 A3 )
ol 2% Isochrysis galbana, Paviova lutheri, Chaetoceros calcitrans® E¥ 33
stgem, FABIE Y5t EHY(FE 60 um Swiss Silk Bolting Cloth
Mfg. Co)g o]-83te] 2 13 A% 3ttt AE&8LS A9 =AMLY,
44 detg flste 2dvith 10070419 FAL APdtd DsFEGrE 24+
S S en, FuA g @ s gL @uHos BEIAC

2 A% AEEE FAE] 9o 18, 21, 24, 27,
2 28 10 ¢ ok3E FZA 1074/ dx2 F&
sl AAlslge. HelZ2& L galbana, P. lutheri, C. calcitrans 2 Chlorella sp.
g £¢ IFsRen, #ddE g EYH(UE 60 m)E o]E3te 2
d 13 AP Frodrr. BEE S FAlol 4S8 & ZARL, 43T o
stod 2<deit} 5070 A o RS APst e FE7E A4S SHSAC
e e A 4B YSE Y2 0(FF), 3, 6,9 2 12 ppto]
Rl 41T 4202 ANFYOD, BE 248 520 BE Y3 Y
7 QA sk

3. 7 RYxe g RafAe Add HES
DY {49 £8UTd WE HEFL 10 ¢ o}3Y Fx9 1, 5 10 L 5070
A/l AFFE GASA 29 FHoE ARG HEEEL FAEIAG AR

FeE 2441T, GE2 6 pptHl o, e 2L £ ¥ 439% FY

a)

rlo
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&t st

4. HolAdlE 7 H TFFN WE A AT AES

AEoldEd o2 AR BEEE ASH7] Hste P lutheri, |
galbana, C. calcitrans R Chlorella sp. 5 22} @5 9 E3to g ZFFsld 4%
B AEESE ZARIATE AE HolYEL /2 AE o] 83 A HEAHd
A g Ao 19 23(104] 9 184]) FF3A e, Hod FFHL ol
of A|AE& Zetste] Table IV-2-10 met 353 tH(Eh 1994).

A&

i)

—_—

o|ME9 FFgHol e AP P. lutheri, I galbana C. calcitrans 2
11

Chlorella sp. & 12 3 05x10° 1x10% 2x10%, 2 1x10* cell/m¢ Y=
TRt A4 AESS ZAEIH e, ojde 87 2P0 E ASFL
< 24+1C, %2 6 pptol A

Table IV-2-1. Food quantity of each microalgae species for larvae culture of
Corbicula japonica

Microalgae Density (no. of cells/mé})
Pavlova lutheri (KMCC-H-4) 1.0x10°
Isochrysis galbana (KMCC-H-1) 1.1x10*
Chaetoceros calcitrans (KMCC-B-21) 1.0x10°
Chliorella sp. (KMCC-C-20) 1.0x10°

5. AR el We Ao P 48

ERHA ARPES 24 Astel Behry gw, BH0RY, Zdukg
of Amse] BEEE EASECG ARE Fa F I15UAY FHAF 2504
mel FAE WdeR BAWTE 200 m)E olFsel AR F ARAG
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M, AR 20Y F YL 2 AFS ZASIGY £33 2ajuide] Yt A
02 ARy WEEL ZAFEL7] 98t ¥ ZE A (standard sieve)E ©] 83l 7|
AR (D7 250 im ol3h), AAFR(YA 250~750 ym), AHE(F7 750 im ©14d)
2 TR AEE 3 208 F A3 YELES AT

HEabgd e Aesn X Age] dF foixte FFE FLAEAT

Duncan’s multiple range testoll 2l&ld 7123} vH{Zar, 1984).

6. BRI F&d g A A

Ao GR g Ay dEL AFE o&3te 0, 5 10, 15, 20, 25,
30 2 33 ppt2 G 3 F& 24+1T2 1040 YELEE ARG 48
e 1 ¢ volHo A 4 m AF HE 500ty £ 2MEFoe 4
Astgen, 29 13 HAF F5sied £33 A3tE YARAT 2F7EF T
Hols 2FetA #gston, AFAHE fFASIHG MW L i AL
o 1L YWAS ZAET] Yt 98 6 pptollA 4, 8, 12, 25, 32 § 36T E
A5t 109 ¢ AL 2ARIYT G2 #F29% W2 48 WA 4
3

u d
}_Il
offt
1o
ob
X,
ol
S
pacs
£

7. 4B 2d AW QAN AES

AR w2 o] 4g3 YEE&L A A3t A 413405 m, 2
T 313:04 me] AHE 1 2 vlo}FA 0(F=), 3, 6, 9, 12, 15 E 20 ppto]
QRA 24:05C F2o2 RAS WA B AFHoE S0v|y 583t
2ukB 0 2 1507 AAEGTt 2ol2 L galbana, P. lutheri, C. calcitrans R
Chiorella sp. & &% FFstgden, FAR/AUE #stq BHL(YF 60 m,
Swiss Silk Bolting Cloth Mfg.Ah)S °]&3te] 24 13] A% 53 47
e 309vitt AF Ayt vernier caliper2 A4S EA3Pon, HESLS
Aol ZANSHRATH
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F2d wE A3 AELES AR Ystd g 413:05 m, 7
31304 me XHAEZE AA502~14.8), 17, 20, 23, 26 2 30CY Loz
Ag 12 wolAd RHE ¥A %3 S0vie]ly F83te] 29E o 2 15043
Arzlden, g8 45 e 4R sdstA s

R

-

8. wold x| AAI YRS

247} 413205 mn, 7t 3.13:04 m) AHE 1evlo]AN HAHE WA 4L
FElE A # 50vte]d Wi AAEHT AEe AFHoR den, Al
T3S At aerations FH|Fa, 29 13 AP I ARFLL

240:05CH o, 28k 0 2 15027k A& o)

A E ol MEL P lutheri, I galbana R C. calcitrans @ =79} o] 59 EF
T2 3R en, HolFgHFE Table V-2-13} 2.

372 30detth AF S vernier caliperZ 248 ZAFgon, A&
& #FFAlY] ZAEIY

9. dx X A3 HES

Z+3 413205 mm, 431 313204 m¢l X3S 1 ¢ vio]AHd BHE g A
S R 47 10, 30, 50, 70, 90utElE W HABIHT HAEE A5
2 o, AlSe E8E S8H aerationS MFUT, 2 13 A @45
ST AbSTEE 24.0:05C, 8L 6 pptgon, 2utEo 2 15047 A A
e aas

A2 30Yvich Ak Af A3t vernier caliper® 4L ZAalgon, AE

&& Ao AR,
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A3d 4 3

1. weje} g

R A7) fA9 A4S Fig V21 3@ V229 gt
T3 144 2 114 me] DY S8 (Fig. V-22A) 828 §93 o] A3
2Rl 2 173 m2 Zte] AwiRsl £33 HwA DAe Ad np
oM ZHgel 4= chFig. V-2-20). zb3 201 mol e 4457 TS #Ax
B(Fig. V-22D), 15U Aol 24 248 ym 2 AFdte] Y2ad7) 5w =
MEEE clPstR o, HRE o183ld olFatm BRI B KT
V-2-2E). gt o]t e] A& dhAHY, 292 320] A} 24 302 e
s Ao (Fig. V-2-2F).

71 2 2 A 44 E48 Fig V-2-3 2 Table [V-2-29) 2o

A ZAREL) el g Za(SH) ApA A SH=1.03425L—
26379 (= 09697) olqlth. 3 44 A Ao w2 Ao gg Ame
Hls DY 4 z7loE 087010eu} 144~301 me] zZHA7] SA47] 2 2R
7l 8L 0860920100, FAFE AMALS = FAL 0858 2o
dlale] zhgol e A4S By

o]
o

&7 grol ME Laade) 4 Y2s

FAY $22 A54Y A, 0CAME 2HAF 62 F 5% A4} 5
om, 18TANE #& HEEol vidke] 52 44S RAY. 24T 2 TAA
We 43 RAoU, UTAME Agol visla Yo YELS HAthFg

Sl Te FAe ALRAY Ao 0 ppolME 2¥AE 109 F 25 A4
stRom, 442 6~9 ppt, FEE-E 3 pptoll M 713 =4 JehdohFig. V-2-5).
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Fig. IV-2-1. Growth in shell length of Corbicula japonica larvae.
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Fig. V-2-2. Larval development of Corbicula japonica, A. D—-shaped
larvae! B, post D—shaped larvae: C. early umbone stage: D,
post umbone stage! E. full grown stage (shell length @ 248
an): F. 3rd days after infiltration {(shell length : 302 ).
bhar= 100 um,
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Fig. IV-2-3. Relationship between shell length (SL) and shell height (SH)
of Corbicula japonica larvae.
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Table [V-2-2. Ratio between shell length (SL) and shell height (SH) of
Corbicula japonica larvae

Developmental Shell length Shell height Ratio
stages (sm) (sm) (SL/SH)
D-shaped larva 114~143 82~125 0.87
Early umbo stage 144 ~200 126 ~142 0.90
Umbo stage 201 ~266 143 ~247 0.86
Full grown larva 267 ~301 248~ 270 0.92
Early juvenile 302~330 271 ~298 0.85
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Fig. IV-2-4. Variations of shell length and survival rate of
larvae reared at various water temperatures.
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Fig. [V-2-5. Variations of shell length and survival rate of
Corbicula  japonica larvae reared at various
salinities.
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3. 4EREd e Riaae Han ge

TS sEUEd e ASdd d3 1w 1-5 ALY AUEAME
4RI AEEol FFEAo, 5070A/me] TUEANE g HELo
wken, A 12970 w5 HAbel g ohFig. IV-2-6).
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¢ 474E non, Chlorela spe 7} & 432 Bk YES T3 &
&7t 7Y =30 1 galbana, P. lutheri,7} 1]223b ¥v® Chiorella sp. ¥ 77}
7V RortHFig. V-2-7).

FTHEF TE AL dPoME Ho] FF ol BEFE fAY gL o
TR oLt 8Y o F 50,000 cells/m¢ WEo) M A wAlsigot. 4% 74
1 129U A= 20,000 cells/md D= A 7}A whE A3 &), 10,000 cells/m¢ 2
EolA B AERS RYOT, 5000 cells/nt Yo e 497 AES w
TOST aEb AR S T AR Yol Ee 2 & 10,000 ~20,000
cells/mt7} & 7} 0] ] tHFig IV-2-8).

5. Atnde] o2 Xwe J4n yeEs
ASAAE ddez Fdzgys, Sy, 2t gYusiel 209% 4%
HEES DA AR, A F 27) AR YoM myuictey me 43
T BAon, QR 20U Fole= i 7 740 ;s WE 4L Koy Zapa
Haa BegdMe B 43 420 m# 400 me) e HFRL By
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Fig. IV-2-6. Variations of shell length and survival rate of Corbicula
japonica larvae reared at different larvae densities.
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Fig. [V-2-7. Variations of shell length and survival rate of

Corbicula  japonica larvae fed four different or
mixed microalgae.
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Variations of shell length and survival rate of
Corbicula japonica larvae reared at different
amounts of mixed microalgae.
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(Table IV-2-3). FTep2E|g @} Beigol e 5% vlvte] AF22 ngo) we)
gherol e 14.0% 9] AEES HYo2M Hold fo]& bl oh(P<0.05),

A dExAgY o sAESe FoFt els: Hox Loy
(P>0.05), 0.25 mm ©]3ke] vlMALAA 205%2 744 dEstgon, vra ©
27N 140% AF2 JebgrhFig V-2-9).

6. dE A 2 dig o) YA

Aol o4& WAHS A Y8t 0, 5 10, 15, 20, 25, 30 2 33 ppto]
FER 1093 AR A3, 25 pptolstell s 90% o)) AESLS HYo
t 30 ppt oA ME 20% odte] We 422 ¥cHTable V-2-4).
o] p2ol i 31 B AT WAHL A Yetd 4, 8, 12, 25, 32
36TolA 10U HESS ZAG AE Table V-2-58) g} 2484 o
AEE M E BC7AE 100% AEHo), 9526 Wa Hxg
2 2ToM 52%] HEEE MPon, 36TANE 38%9 =22 Bk

i we

7. GES 28 X 43 YEE
il e A A AP FA, 3,6, 9 E 12 pprol M E AR Y2 g

ol 2 Ael7h ey 15 pprolide B 437 AE2S ByEm, 03 20
pptll M= AE A2 30U Aol =% g Abel AohFig. V-2-10).

ol mE Ao AISAY du}, 4AFLAME & WEg4) uatg
e ARE BPoy, 30ToHE & 446 Hisle ve gEge v
17, 20, 23 3 26TAAME & oi wE S Hel iy Y4zge
FFcHFig. V-2-11).

8. Ho]d xdjo] Y7 YEg
g HoldE 3T EF F3o wE A7 44n MELE Fig N
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2129} 2k 3% b Ab wh
[ galbana ETFF co02 ®o yxgo HRow, P.lutheri @EJ= 713
=9 482 BAck A9 woly Yz wa ax EET MY e A=
& R, 208 C calcitrans + . galbana EF Fo 7 o YyEgo

HAow, P lutheri E27= 60% = 7 28 HESS By

i
oL
oX
tlo
HE
pats
E

, Th2 22 C. caicitrans +

% d=E Ao 43 yEs

Aol WE 43T 4242 2N AW, AYEA 1 09 10vte)e] Aw
2 AN B o 433 AEgo] WFZE 1419 m o} %%z 7HE whoH,
L2 30mtele] jETE 270 1 ¢9 100te)o] e 7o) ns =&HA 4%
stlev Agel wel 38R YE gl FaaUch T8 1 29 50~9
PrElel MRE TN E 939 42E 2% 24 Y (g V-213).
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Table. Iv-2-3. Survival rate and growth of Corbicula japonica larvae with
different seedling collectors (after 20 days)

Seedling collector Survival rate (%) Shell length (/m)
_ . 373~ 645
Plastic plate 3.2
(420)
) 350~510°
Muller net 48
(400)
657 ~974°
Sand bottom 14.0°
(740)
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Fig. IV-2-9. Variations of seedling collection percent of Corbicula
Japonica larvae with different sand sizes.
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Table [V-2-4. Survival rate (%) of Corbicula japonica juveniles with various

salinities
Salinity Elapsed time (days)

(bpt) 0 2 4 6 8 10
33 100 9% 90 50 32 12
30 100 100 90 60 48 20
25 100 100 100 9 92 92
20 100 100 100 9% % %
15 100 100 100 100 98 98
10 100 100 100 100 100 100
5 100 100 100 100 100 100

0 100 100 100 100 98 94
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Table IV-2-5. Survival rate (%) of Corbicula japonica juveniles with various
water temperatures

Temperature Elapsed time (days)
() 0 2 4 6 8 10
4 100 100 100 100 100 100
8 100 100 100 100 100 100
12 100 100 100 100 100 100
25 100 100 100 100 100 100
32 100 100 100 88 65 52
36 100 92 82 74 42 38
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Fig. IV-2-10. Variations of shell length and survival rate of
Corbicula  japonica juveniles with different
salinities.
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Fig. IV-2-11. Variations of shell length and survival rate of
Corbicula japonica juveniles with different water
temperatures. NWT (natural water tempera-
ture) : 0.2~14.87T.
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Fig. IV-2-12. Variations of shell length and survival rate
of Corbicula japonica juveniles fed three
different or mixed microalgae. C : Chaeto-
ceros calcitrans, 1 : Isochrysis galbana, P
Pavlova lutheri.
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Fig. IV-2-13. Variations of shell length and survival rate of
Corbicula japonica juveniles with different culture
densities.
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W3 AMAEES e HRAA FoZ gtiEw, B3 15U zHa 248 m
HPNM Asfdor 443 T AAPBS st
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E At 2008 F& GF WM &4 sHssidY. B Ao o
A¥ Ay 0 pptoll e 2EAE 104 F 25 FHA
pt, EEE 3 pptoll A 71 EA RYogr dEd

ko

dog o oMy Ay @

dukA o 2 22 [FAASe Fag
E& 2xdie #HAFEo] &7 HO’'Connor and Heasman,

go] 2o}
1998). £ A7lA AHY FAAS $2& 18~27T WE FLEANA A
7Hestg e, 18T AEEo FIdAov 4o = w4, 27
Col e AR wgto} AFEgo] B3, 0TANE AWAZ 68 § =
T HAetgenzE FUE 49485 & 5 AU meaN AFZI HEES
B FAALLE Fo8 2-21T e BoEn

Z09 dFYAE A A IEE ol Ao] AAHo AR A
oz golA® Aggol olAAY WelEEsl mAAW, f49 HriY
e FHoF FF0] 43tHo] HAE] H4rh 2HEE FAANSA H4F
gz o] wote ul9 Fgsich o|2001)= Bddigte) F FQ Aol 9o
FATY A Bile FA HELS GE 2 27 e #FHL B9
ohuz el 44U w A ¥ won, AH FEUEE AHSF 1
ni% 1~107) e »odtsdct. =3 Helm and Millican(1977)2 &2 B &
A ARl AFRS 1w AACIA SAME 49 BEst FrbshE D
A fAe A% Aol 16% BaFE W, O L YRAME 0% A
AL HYgozA AFET HEEL AT 2 FFS deu A
o B @7 4% AH A4S 1 wE 1-5049 AYmelME 4 4E
&o| Faatgod, 507A/me] nATAAE AFA A 12440 =5 #HA
stgth AT ol ABRFAZo|nE Ao {4 AHSE s
Ae A AERGAHEY 317 713 FaslthEpifanio, 1979, b).
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oA $4ETGE musgon, T9 U 95 B2 S48 dstd I
galbana, P. lutheri 3 C. caleitrans& ©% T TF 233 Q7oA dadx
Hope 2% B 338 T3l 3538 E 7ol 249 A4 WELL =0
5 olox Bustgh B A7ANE TY 3R 4T ME 442 nd
oy, 94d FFFAHE L galbana, P. lutheri, C. calcitrans &© 2 B3 A
FE BRor, Chiorella spi= 71 ®& A4E HAD A28 £8 47
7V 7Y &3 I galbana, P. lutheri7} H]<=8 V9| Chlorella sp. A7 73

o

O.:.a

AN WY AR ABPPOTE SR ARG AokH,
2000), AN A EFHA AR Yol ced ARe BH7)
FAe ZH2ER ot BARANE vig 4T Fol A2 BolN ¥ )
At @4l BFAADG Y mauitl e o]Fo] oldm EW ol
Holdeg st Aatgol Bastgon, #4 ¥ 27 43 dAME o
B8 BHAA oF fol FEE YolE Weo2H BE 43S Mo Ao
g,

r°l'
rB.
rlr

=g wduiete) dx 24 ote 44 AESS TAR A3, oAb
(97 250 m olaholA e 4% BEEL HQ=d oS AF 2o &
718¢ WA HeosHM Me 4RE R Aoz Yhuo

BN

Al AN G g WAL o, F4, A £ Z7Ein, 49
(=B )l Me A GcHTettelbach and Rhodes, 1981)31 s}goi}, B 7o
AE Aol A48 d3, 3,6, 9 2 12 pptoll M Y4BT AEgo) = 3}
°I7b gl1ot 15 pptolHE we s H4ELL BAR, 03 20 ppr A
AYAA 0GA =5 At wetd AP F4718 vasxE
e d2d e dde F& o2 Addn

T e A#e AFHY FH, AFLANET S AT HEd
e AFE HATD, 0TAME & ARl vistd 22 4222 Yoy,
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B ¥ 5 g Ao, AW FHo2 WA FAe AW FuE T 4 9
2 Helt}
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Foz ARE w0l P WAl e F@ Aoz BYUT ARL 050~
321 ppt2 A shss} At mAEE Fol7] fioln, HAR Bl

=

ME dAHez A HE e RYEY, olAL 2% BEFHoT A
o] st @izt & HAY) Reg Algg

ZNFY MY Bl nhxgre] F9 (1994) FAT o) Pl A 63
A/ m* AEg B3 Hon, Shin(1996)& Bekgrel A 21 1,291 A/ mat
Al Harskth HEgF o] F(1999)2 EiQh ol ge] 1572 A/ m, nF o] Fo]
745 A/ mern Busfed Ao mE Aol Boln Utk ¥ Ao
Ao MALEE 2~464 AA/ mEA viAZ B} gA Aoz wgron, o
A2 Fol wet AHEET eyt 2es 45 2olE Role AL
= A7t m, olo] F A7y} A&Holol ¥ Aoz AlrH.

AE AL AEA Y F3d807 Yol M2 f30] &0
B Fbke RS TeTh FERO98NY 95w, QR @AM AAY A

Aol w7t geodle S8 2o BE T2 R0 FAHE Ao By
stadth oje B A7 Aue} g B el TEE(1981)e] Tl
MHEREA] 2 30 mm o] 9] & A Eo] 27.7% 7t E¥sld mEole
GAPd o] golstdnh =3 T6~783FT Y AAASF Ko 1, 2ol 7t
7} 0.22/3d, 046k, 472 mmAY A vlwsle B AFgME K gho] 2
ty dko] wol o] wima wE AL Festgen ol HMe Bo @
L 873 9 AA divt A4 arde

RS FE7E FH}E YHOEE GSI ZAHKawamata, 1983)1} A 2
9] 2233 #3HChang and Lee, 1982; o] %, 1997)3 #-& Al 4y
B BRAAe 8% 2AHZ 5, 1985 § 5, 1988)u) vlgis o}l 8- kn)
AHHamamoto and Oobayashi, 1985)ell 2|3t 7+ 2 % dhdo] o} B
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715 dobdich AR A AMAse dEAFY AU T-8dE B
nHa 1 (Mary, 1981), FA = A= A& HBalx AN JdEAH
AAl 78 FEHH 99 AeriAl AdTIE BRaER oH(FE, 1981). 3=
FEE 2o A shol MAste FAHY AEl 94 7~842 HuH

2 ded el g AAste AL FARIIZT 8ddA 9EE "
Aol AHHEG i FAon, $0] WTesE Vel 10858 340

o2 717}x] A717ke] 3E7E wgc) w3 E3hake] Er|EA V| 2~449
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omA AHLE FIH PAFV7L AT FBHE e AR wuEHEH A
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ZARE darzl, 20009 68 E 20039 8¥ 7| Hé‘?}%‘ﬂr BE, 483 4

B, AT, AREG 23, BRFA R 2RSS Ao

L AXERR 43

AWM, Corbicula japonica®] M43 7} AUz E mo}slr] 9std 43, g
HE 8, 48N 2 Madne 378 238 52 zAsIg.

A MAA] F2L8 02~268T, FEL 050~321 ppt, FEMAE 521~
813 ppmelRlen, FFAF F POPE ND~1.37 ppm, NO-N& 0.10~0.81
ppml. 2 LEtyith EAE o)A CODE 1.53~282 ppm, &322 ND~
0.0012 ppm, ZFEZH(IL)E 085~136%2 HAHH L R} HHE zye
dEE 2 e 93 2igoen, B3EE 053~1.7702 ¢ %5 sy

AR ML= 2~464 NA/m2A AF 50 AA/m, 25 50~400 7)
Al/m, s 50~200 /RA/mE gYgstger, Avld wE 2¥se 7
10 mm ©]3}7} 3.2%, 10~20 mn7} 50.4%, 20~30 mm7} 433% 2215 30 mm o]
7ol 31% 2 10 mn o]AS HA ] 96.8%= L}ElsdT).

4 &R g A d¥TY ez Aok F, 1.549 7L 1054
mm, 2541% 17.52 mn, 354 23.53 mn, 4.541% 28.07 mn, 554 31.99 mQct.

A7)A & dEFE ZFo) o) A3 Bertalanffy AJAAe] mig sy

FTAG Lo 4898 mn, AT K 0.2042/year, ZtZo] 09 wjo] o2
4 9% = 03169 year2 Z}7} FAE OB, 4gale ofgs} o).

L,=48.98(1 — e—042042(t—o.3169))

23 (L) A5 (w)e] Aodgae obaeh 2o
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W= 66710 L (R* = 0.9853)
AETE A4Fe ATy AFoz st FAHE Bertalanffy 47442

W,= 3673 (1_670.2042(#0.3169))2.81
q71A, 243 25 mn o] A7 A = WFEZo] H]’“F&] Z9to1}, 1 oA} Zy}ets
F Az A% A S0l el AHUT

2. 3HF7]

A Adaeie JAeFRANTES AT YHYENF AE ) 20009
1TEEH 20013 109704 vl 30-4070 A% H38ked B2x5, PHF7|,
Aol 22 ZAEIAU. YT AHe ALolH YA Fozg oA MAAL
HEMolr, #79 PHre FYAL Ho] FUHo 2 867% FF 7

P5AE Rk AAFNE $£29 W BAEH AuEE Aoeg e
gon, s dE AXE o 80 m2 RAY AAFse 437 (~59),
A57 (6%3), 7] (79), 7] (8~94), FE7] (10~d 3€)e] A&

AMEZL ZHAAM AAEHAA GEAPIEG %A 497129 7 FEI|E X
U 49 FERE Al 23 8w AAEAD 4dzAsE 4470
e dAsFen, AF 395/ F g3lo] 20870, 7 1867/4H = LA
AAZE gort 95% A=A WelA ¢hAlel g =3 Aule foldA
ool 1119 AH|E B JoHP>0.05).
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3.0FFRAM

3-1. JHdfd 2 43}

AHL Gl x5 Hkge] A glden, 8 F&aTd o
g ARl d¥da3e 6 ppt Aol MY FE3ET 6 ppt dgol A
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20, 23, 26, 28, 30 9 32°C¢ 428 AAHE L A AFA, 2628
A AdE 4 80 M Fxsdd

Ao FHGE 2717} 8623 m FEo]| FHOE, £Ho] FBW YL Al
FAE B4 F 53 F Vel AU A d@e sto 2422 H
Aa, 4 F 2X 2] =W 44X 7], 2413 30| AustA 84 X7} HY

CF F AL AAEY M2 G2, Y F AN 1080 A3
s HRIt 44 LTS AFsE Tujsle] oj=Fow, 67t 1549
Avkd G 7IE AR, 15/ AR Galge) gakeEe wEete BE
ZHr A (trochophore larvae) .8 X3 stgo).

3-2. HH A4 9L AALS

HHEE 78 F Asf47174A] 1590 A850] Bl wio] wE Ao
2 Ugsted, AV 248 mE vebdth 49 ey xlols FE37]
A Ao g Ztnel viE DE KA Z70x 0870 150 m ©]4
dAE 0.86~0.928 0

FANSS 9 HY GRS 6~9 ppton, £& 2-24TAM 1w
1~57041e] 52 AMg3le Aol AfHo|Urh Ho|AEL [ galbana, P.
lutheri, C. calcitrans®& &3to], 1~2x10" cells/ml2]
744 & YTk

A=fAe] ABEe Fautgo] anFo|ion, B3] a7t 250 im o)
she] Aol ELe AEES RIYTH

Ao ALEEE A, FE 3~12 pptell e A3 AEE 2 Aolv} Q)
Hew, F& 17-30CHXE F&o] 245 wE 448 Hgoey 4=
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HEHO|YE 3FH} EF FH wE Ao 44 HE=E 2Y A, 3
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