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Studies on the Artificial Seedling Production of the
Hard Clam Merefriv lusoria (ROding)

Tae-Ik KIM

UR Inferdisciplinary Program of Fisheries and Oceanography
Graduate School
Pukyong National University

Abstract

In order to obtain the basic information for seedling production of hard
clam Meretrix  lusorig,  experiments were made on reproductive cycle,
spawning, egg development, larva culture, spat culture and mass culture

from January 2000 to December 2003.

1. Reproductive cycle

The monthly average water temperature and salinity of mature habitat was
3.0 (February)~26.6TC (August) and 29.9~32.8, respectively. The gonad of M.
lusoria was located between the digestive diverticula and the foot muscle
tissues. The ovary and the testis were composed of a number of ovarian sacs
and several testicular tubules, respectively. Monthly change in the condition
factor showed 0.1014 (March)~0.1520 (June) and the change in the rate of
flesh weight was similar to condition factor changes. The size of mature
oocyte at the spawning stage was ranged between 42.8~45.2 (m in diameter
during June~ August. Minimum size for sexual maturation of M. lusoria
female was estimated to be approximately 41.2 mm in shell length. Sex of M.

lusoria was dioecious and sex ratio was female 1 : male 0.97, indicating no



statistically significant difference (P>0.05). The reproductive cycle could be
classified into five successive stages: degenerative and resting (September to
November), multiplicative (December to April), growing (April and May),
mature (May to August) and spawning (June to September) stages. Main

spawning season was between July and September.

2. Spawning and egg development

Eggs of M. /usoria were turned to be demersal isolated eggs and averaged
at 82.3~86.1 (m in diameter after spawning. The hatching of D-shaped larvae
by elapsed time after spawning was the highest in fertilization immediately
after spawning and distinguished decrease from 1 hour of spawning. The
optimum water temperature for development of D-shaped Ilarvae from
fertilization was ranged between 25~27C. However, D-shaped larvae was
not developed in 33T of water temperature. The required time from
fertilization to D-shaped larvae was 37.3 hours in 20T, 20.8 hours in 25T,
and 15.3 hours in 30T. Biological minimum temperature for the egg
development was estimated to be 12.4C in average. The possibility range of
salinity for the development of egg was 20.0~37.5 optimum range was

estimated to be 27.5~32.5 (the most optimum salinity was 25.0).

3. Growth and survival of larva

The shell length of M. /usoria larvae was averaged at 132.7+6.0 (m in shell
length and 104.0£4.7 (m in shell height. In four days after hatching, the
larvae grew to 197+6.1 (m in shell length and reached at the settle stage. The
survival of larva from D-shaped to the settle stage was 43.9%. The relative
growth function between shell length (SL) and shell height (SH) was
statistically formulated by SH=1.0638SL—35.8190 (R’=0.9651) during the whole
larva period of M. Jusoriz The optimal range of water temperature and

salinity for rearing larvae was 28~33T and 20~35, respectively. The larvae



density for rearing was proper at below 5 inds./mL. When the mixture of
Chaetoceros calcifrans, Isochrysis ga/bma and Nmnochloris oculafa as feed was
supplied with 3,000~5,000 cells/ind., it turned to be the most effective. After
not feeding for some period, when feed was provided, the shell length of
D-shaped larva was increased to over 192.5 (m at fourth day from the initial

feeding.

4. Growth and survival of spat

On the growth and survival of M. /usoria spat in the settle stage by seed
collection method from 28 July to 14 November 2002, Growth showed most
rapid in sand circulation filter method at shell length 4.71+1.60 mm. In
addition, survival showed highest in polyethylene plat method at 83.9%. And
optimuym condition for growth of spat was estimated fo be 30T in water
temperature and 30 in salinity with mixture of Chaefoceros calcitrans, Chlorella
elljpsolideq, Isochrysis galbia. Moreover, the survival in optimum condition was

estimated to be more than 99.0%.

5. Mass artificial seedling production

Mass artificial seedling production of M. /usoriz was accomplished from 8
August to 5 December 2001. Spawning was inducted to adult clam of
05.8+8.4 mm in shell length by air exposing and raising water temperature
method. The fertilized eggs were developed to D-shaped larva after 17.7
hours. Hatching was 6.1% and the size of D-shaped larva was estimated to
be 131.4+2.6 (m in shell length. After 4 days, D-shaped larva grew fto
190.2+7.5 m in the settle stage and estimated survival was 48.1%. Seed
collection was conducted in the settle stage larva (130,000) of shell length
0.2£0.01 mm by sand bottom circulation filter method. Shell length of spat
after seed collection grew 3.1£0.8 mm in 46 days, 6.6t1.8 mm in 87 days,
and 105109 mm in 114 days. The relative growth formula between shell



length (SL) and shell height (SH) was estimated to be SH=0.8524SL+0.0227
(R’=0.9984) during the whole spat period of M. /usoriz Mass death in shell
length under 3.1 mm were occurred, but survival was 53.8% in 46 days,

43.6% in 87 days, and 39.2% in 114 days.

Key Words: Hard clam, Aeresrix lusoria, Reproductive cycle, Seedling production,

Indoor production
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Fig. 2. Map showing the sampling area (M) of Meretriv lusoria



Table 1. Number and size (mean*SD, mm, g) of Meretriv /usoria used for
this study

Shell Shell Shell Total Flesh Shell

h o
Month  Number length  height breadth weight weight weight

Jan., 2000 60 58.0£9.0 47.618.0 28.9+4.5 51.1+25.3 9.815.4 28.5+14.2

Feb. 60 51.4+8.2 42.0+6.8 26.0+4.2 36.7£17.7 6.5£3.2 20.8410.2
Mar. 60 527197 431479 26.5+49 405+21.6 6.7£3.6 2271119
Apr. 60  50.8£11.3 42.0£¢9.1 25.5+6.1 37.4+249 7.7+47 21.5+14.2
May 60 51.9£10.5 46.1£8.6 26.0+5.3 40.0+21.0 8.844.7 22.3112.3
Jun. 60  52.4£12.7 43.1+10.3 26.0+6.4 41.4+285 10.5+7.4 23.9+16.0
Jul. 60 51.1£11.0 41.6+8.8 254+58 36.5+20.2 8.414.7 20.9+11.7
Aug. 60  52.6£13.4 43.4+10.8 26.2+6.8 42.1+27.0 9.5t5.6 24.11£15.5
Sep. 60  51.6£11.7 42.849.0 24.9+5.6 36.3+24.1 6.244.1 20.7+13.6
Oct. 60  55.8+11.7 45.6+9.5 27.8+5.9 493+287 8.3+45 26.8+155
Nov. 60  55.9£10.5 459£85 27.7+55 48.2+269 8.7t4.8 26.5114.9
Dec. 60  55.2£12.6 45.5+10.0 27.3+6.3 47.7+29.2 89153 26.8416.2

Mean+SD 720  53.3+11.3 43.7+9.2 26.5+5.7 42.3+252 8351 23.8%14.1

4. YA Ao AT A W
Wt AaAe] A8 Wele v AR NAZHRE 5~8 mm A7E HAd
3 W A FYE Bouin &0 24A7F 1T F paraffin FHOZE 5~6 /m

FAY ZHEES AFsta, o] EES Harris's haematoxylin® 0.5% eosin®

WA ze wge] We BRALY 7] Wat 29Uz 24 T2y Yeu
nucleus)¥} ?A(nucleolus)e] JTd AWS g ANEY ZAHHY

L
A 248 F 2 WIS oleste] 9 dAREe WERE Tk

=

M
of
e



g e L

I
|

SL

Fig. 3. External morphology of Merefriv Jusoria. SL: shell length, SH: shell

height, SB: shell breadth.
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Fig. 4. Anatomy of Meretriv Jusoriz. AM: anterior adductor muscle, CT:
cardinal tooth, DD: digestive diverticula, EL: external ligament, ES:
exhalant siphon, F: foot, G: gonad, IS: inhalant siphon, M: mantle,
OG: outer gill, PM: posterior adductor muscle, S: shell, UM: umbo.
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6. E3HH HL2IJH vl

Ztgo] me AESY H2FF dule 4579 AR FAHEHE 20009
6~74°] AP¥A Wge AHEste ZAbeT. A=y HAE2 4F 243~
736 mm =719 ¥ZA 767 A HEte] G5 FRAXY FFE ZHGHO
Z gEs, 24 2 Ax7], Ad1e 240l dFE= AAF
214 10 mm @92 FEREe] AA A S g HEE(%)E ALtete] of
9] logistic equation®. = 73} t}.

1

—(@ + b SD)

1 +e

o] 2ox g} be Wo]al, SLS Zt(shell length)olw, %A 50%7F <3
43Rl SLsoer BETH HA A4HOE A
7. A7

AAF71= wjd AZE 2484 AEE Chang and Lee (1982)2] *H ol

el 4 27 HEAFAY], AT, 447, A7) 2 2B A%
seAR TRee WEezd 2A4sdt

8. SAA
7 A9 AREFH dojd B SHHGS S FHTETAA(SD)E B
o, ko] ARV 1113 FAAHCE F93A oF= Chisquare testZ 7178 s}

ATt
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As3d 4 3%

1. N4&7

BFe] MAA FL 3.0~266T9 MM dE ®HstE yergon, 244
30C= 7k wskoy, 3Ry A4Sty At 84 2606T=E 7 =%
3, o] F ttolx 1290l= 78TAY. 4o 9 wslE 299~328%, 99 %
T2 gt 2992 AF M @2 @S Eoy, I 9= 3193282 €4
A 87E A 3l (Fig. 5).

2. HlUt e

49 vtz o] W3ElE 0.1014~0.15202 2 2000 199 01132014 74 Eho
39 010142 HAANE HA F F& A5 gEo T7tst7] A&t 620
0152022 74 =& %S 2y 69 o]F 74sl7] AF3te 9¥9oE 0.1023
of te ZS HPom, 53] 8UoA 9€e] HAEWA FH3] TasAL,
9¢ o] FHE 1297tA A @utstA Fhetdth €9 SFHIE 22.8~30.1%
= 349 228%%E & wSka, 1 ol FUhste] 6¥€d 301%E M =%
H, §3u19 49 Wge vz By 2okt(Fig. 6).

3. ALY 2

Mo BHAE LY IR B TR Aole] AXsta 9o, va
S Rt A7 vhays AR oA Uitk Aol FH Holo]

JejAE &4 FHL Er5EYnh A T ALY oF AXAE BT S
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Water temperature ( C)
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2000
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Fig. 5. Monthly changes of water temperature and salinity at the sampling

area during the experimental period.
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Condition factor
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Fig. 6. Monthly changes of condition factor and flesh weight (%) of Meretriv

lysoria.

_15_



4. AL £ATA W

W YHLE 2 YHoRE 95 dEE BEI Ay, Ay o
GAlE dAa9 A A4 HIFAY, BESAY], A7V, As7] 2 AT
AEHQ 5HAR FEE F AReH, FU8S YE AT (Figs. 7 and 8).

ARG A AL A daad Wl AR FEHA ge FE V% Uw
AEEC) AED B3 EE Hot- 4553 FHo Lok o AE A
SYEE B, AFHT 293 pdaelde did AAxYEC WA £

rr

Ao AARTE A FEHAAE 448 o
oAl Uehg 98717 244 das g ANE X
o A% WH T A2AB W BeY 2E A5 605
A% AAZHES] W T2 ¥ ANG B8 ¥ F 3L A4
A7) FEAAE AT el Ao FAMESe] thA] LhEbETH(Fig. 8A).

AN

o A5 dae FES dhAd ' (ovarian sac) O E FAEHO AL A
o BAsHL, 2o AT e deAErt &

UM E A7]= 10 m W ol Fdo 43 =

P2 dlo] Alxdo tRE& A skt (Fig. 7B).
ARez s i o5 FHAE SolA FAE

T7F S7kekH, vEe ez A g S YA XS0

H
Rl

u
B
N
olN
N
o
B
fe)
n

rr

o
o
N

L} e}t oh(Fig. 8B).
3) 47471 (growing stage)

AA A darde] BE BIFH 70 Hlsf gobxion, dALsde] H
dAE g 2719 dRAESo] AFHUT. FERANESS I (egg stalk)
of o3 FoAxe FaAstd WA Fste] dEsRon dRAXY AVE
20~40 mA. FEAE I FHFA= Qo] FIEHA #HFHIAOH, 3
FH FUH i AExdY wmE $9 F7hE #EE & AU (Fig. 70). F
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A A AxANE 2AFAL H FAAA ALF 4SEDE AA 3
BAZE FEsRt 294¢ BYt 4470 FaABdE 4493 A9 3

A ESO] 2 st YAXE ek tH(Fig. 8C).

AR A FA A HE ofF GFolHon, GRAETL AAT]
o2 =W, AFxAd dFEDS FHste HH5TY RIS ZFAT. g

EAZE 50~60 m 71w, 33 Qlo] F3lo] FEEHATH(Fig. 7D and E).
FAY A ALABY FHTt obF golAa FAAHLS Hlmﬁﬁﬁgtﬂ HE S
R SRS 943 FAE] HAaAT WA "HAHN Adx e
P RARE Qe =Z2ARYY 5EFS o FUH(Fig. 8D and E).

3

ok

A A daes &5 dRAE} A2 HEHUA dAhALT e 6l

5 EFA GEAEIF YEth(Fig. 7F). Aol e FAE

o] Az WEHUA EARGY A wde oA A o Wxo] A
Agon, 98 WM& A7 AFHE $AHNY 2HFS HYT}(Fig. 8F).

Z A %
o= 9y @S 248y, 243
el A3E Fig 99 2t}

Feo]l o 296 20 im 0|59 YRA X} 785%, 3Ll 792%7F EAEY
ok o] F4sH fEo AAste 59 #AEH GEAEE 40 m o]Fo]
15.0% o, 6~89c] 40 m 49 A5 FEA LI} 58.0~664%F A5
Atk 9golE AN FAE 10 /m o]3te HEA L} 885%% UIRES A3}
R, 40 m o]ie]l WaHy #EEF GRAEIE 11.6% AT 10€= 999 A
2 FAE FRAEI} Fete] 10~20 m 277} 65.8%F AR, 11~1€

20~30 m7l FAAOE YEhGoy v 207 Qe T
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Fig. 7. Photographs of ovary developmental phases of Merefriv lusoria. @&:
Ovary in the degenerative and resting stage. B): Section of ovary
in the multiplicative stage. Oogonia and previtellogenic oocytes
appear along the oogenic follicle wall. ©: Section of ovary in the
growing stage. D): Section of ovary in the early mature stage. ©):
Section of ovary in the mature stage. (B): Section in the spawning
stage. (Scale bars: 100 /m)
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Fig. 8. Photographs of testis developmental phases of Meretriv lusoria. )
Testis in the degenerative and resting stage. B): Section of testis
in the multiplicative stage. Spematogonia appear along the
germinal epithelium of testicular sacs. ©: Section of testis in the
growing stage. (D): Section of testis in the early mature stage. [©:
Section of testis in the mature stage. (©): Section in the spawning
stage. (Scale bars: 100 (m)
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Fig. 9. Monthly changes of oocyte diameter for samples over 50 mm in shell

length of Meretriv /usoria during 2000.
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6. EA AP Pl

ALk Fofste s &7 At 2 243~73.6 mmSl A 7670 A 9
AALE 24THoR2 fEs YETH HLATE 2ASAT 4 255
mm ZIFAAE A& AV AE YElYA &2 v, 355 mm IFNAE
14.3%29 JRA7E AEAEH 28-S ERY. 4% 455 mm 259 A= 80.0%,
555 mm ©]/Fell A= 100%7F d<ete] #et ohA o MESHY HAZFe 412
mm¢l FH o= e TH(Fig. 10).

ZAhE AAAL b AHle 1 0972 $A Y &) FA HlEte] ot =
A debgth 4R FAHY AGHIZE 110l A obef Wigte] Chi-square test
AR AT £=0.02072 JEIEOH, 29 95% AT AR 384 o] 3l
ocvg W Y HHlE Fog 2olE HolA e}t (P>0.05)(Table 2).

&

Table 2. Sexual ratios of Meretrix /usoria sampled between June and July 2000

Descrip tion Number of examined
Total number of samp les 150
Number of female 76
Number of male 74
Female/ (Female+Male) 0.51
2 (Chi squared) 0.0267
Significance P > 0.05

The critical value for x° goodness of the test equal numbers of females and
males (1 df) at 95% significance is 3.84.
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100

Group maturity (%)

20 30 40 50 60 70
Shell length (mm)

Fig. 10. Relationship between shell length and group maturity of Meretriv
lusorig female (n=76).
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7. A A 57

zAgHo T At W ATV HIFAY], BEFH7], 437, 4
7] B A)e] A&HR GARE FET F AN

Wekel XA wEAAES RY gAY 7
71 1MYFH vetdr] AlZate] 49744 21 71kse 288t 4871 A
Ae 1290 40%, 1€9°] 76.0% @} & FLo07 5}
o o] AAstA Esta 2€9] 16.7%E AA ALY & A5V 497 5
Aol 247t 50.0%, 62.5%= FA3] F7stATh A5V AAE 5LHE 8¥E7t
A UeEbgom, 69l 80% ol E@sATE AH7] MAE 6€HE e
N ZEA T 11.1% 2 we| s, 7858 99714 50% o2 AR}t ek
ol st on, 9d5E 119744 HeFA 7)o o] 27t

FRANE FH ] A9 e FFS BAT

a9} ¢ HlﬂJE, FH S 9 Wt YA LY 2HTH AFS FHEet B
H A FI7E HEFA 7] 9~119, BEF4 7] 12~49, AF7] 4~5¥9, A57]
5~8Y, 2Het7] 6~99(AH7] 7~99)2 Ao g HAGHG
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80
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OR EIMu mG ZM HES

Fig. 11. Frequency of gonadal development stages of Meretfrix lusoria.
R: degenerative and resting stage, Mu: multip licative stage, G: growing

stage, M: mature stage, S: spawning stage.
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AN 2AFE Bl B wso] gom, A& BA%G 1 AL BEY
@ o] Aurxoln, Awrow zhFe AALE AFUIH
AAzAS FH0E ANL¥ T H4ador FAYE Ao FAA 9
T (Mackie, 1984; Chung et al., 1991; Lee et al., 1997; Lee, 1997a, b; Kim and
Yoo, 2000; Kim and Yoo, 2001). ¥ @79 = dnk 27jFo 22 A4
F2% 41 Aoz B AL
2AFY AL FUE ANFo T A$FA, A$IA 214 Jog TR
ATHE - Ak, 1989). TIRES 2ARE dFH0 g5 4 PHel o
v, A} ZARANE 2B/ 45E P8 447 2] Gol2 J5E
Tv¢ F Atk st A (Chung, 1980; Sasaki, 1981; -, 2000). &<
AHre 2494 32 23, dao JaE FREE ASolAdoy £
Hyo g AL Mz oF g FEol o,
Jas M HAe AeTALY HAE e
UEY Aeol Az A AT
Ao AAie dvrdoz SHE 7#o2 EASA Fo AHATS
F71 o2 9 A2 A5 S7E e FA9 HEte we d45=Es A
ot AHrTH Xl—’F(GSI)% Tet7] olgeH, wEkA Abvle A4
o IR #do] e AT HwtE g9 WIE ARste] A
ATHEEIM, 1956). Mol M= JRAI9] A7t ddetel e}
S7hetaL Slo] Ao wEAHET JHA AT S
"t Kurashige (1943)v= A AAM L9 WEA| 7)o HITEE FLo]
FEatstz) e vtk gho]l HuolM HAE He AV dATH
B AT ug uvee] 99 WsE AR A%, nEt
3€(6.0TC)°l 0.1014° A4 A=} F7Fste] 6€(20.7T)el 0.1520°.
3 Z+23ke] 99 (21.9T)l 010239 w& s ®HYo
FA = A
T AdeEds stn, A4 Add JFES won

.

M
HU-“% PN
>~

H;HU—WH&V»L%EW-W
> o o o
rﬁrf%ﬂiﬂilﬁuﬁhj‘
o T N =2 FM
Fﬁﬂoiﬂﬂﬁlrﬁ*-mmﬂ
N o ¥ H L oN o
rlrﬂﬁsl‘ o
airlr K

o

f

o

:?L_',
>
-
‘Q_’,
o
olft cer\
s
Mo f
o
el
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(Loosanoff, 1962), AAFE AAdFL A 71A, F, 1de] A dF 4
&@3t= T (year-around breeders), Fal| =7hSol A& ste] o] Fa o] Fof A

1= SAA S (winfer breeders), 183l =& A &3l Z7FSo] A#s}
SHA A& (summer breeders) .2 FE3l3 A TH(Boolootain et al, 1962). 1
g AAF7E Avste 292 Hol, £, FF7] % dE SolEt ¢HA
N O (Giese, 1959), w2 WZE A1AT 2902 F=2°|th(Brousseau, 1995).
olglgt RS VIFoE E W gm Aol MAste ZAFE ANSF]
TE o]FTd 7M5-=(Chung et al, 1991), 715 (Lee, 1997b), WIEZ7(Lee et

e
ol ol

rr

rr

al, 1999), &= Mactra veneriormis (Chung and Ryou, 2000), W& Gomphina
venertformis (Park et al, 2003) 5o] o]o] 3ty & AxZA} wigre] Abghkr
6~94=E SHANTF £dtH, oFHE AF27Y F& WEI A JFE
His Aoz dadr.

N7 =T34 HAY et Kennedy and Krantz (1982) £¢ A g
A 227 HATY 9FS VAL, Sakurai et al. (1992)2 JNFZRNAA A=
o wel AETH HAFPY Aoyt e AR Hiustu ok W] HET
A HAgo ﬂ%}ﬁi H AR KPE R R 1 & (1985) = A AadB S 2 30~40
mmo| ™, FHL 11~129°22 B33, Chung and Kim (2000)> A& 7
Aol AETH HAhFPol 44 41~45 mmetil EE G Kim et al. (1986)
2 T FARREA b BF R 35 mm P REY] AFNAI= ALY wd
g2 A9 A Fo] ZaAR, A4 35~40 mmol A= G5 EF 50% ©]
dol, 244 50 mm o] A= & BT 100%7F At Fodtta Bis)
Ao B AT A FAY A HaPe Y 4% 355 mm IFC]
e 143% o 455 mm LFAAE 80.0% 555 mm o9 IFAAE
100% 2 YElY 5= o3 ey HALAFE 412 mmEZ 22 5 g
Al ZAE Chung and Kim (2000)9] 23 WS e AN, T2 FATSE o
ve A v 2 Hoz ey

W

Kim et al. (1977)9 /\1 Bertalanffy *J742& o] & 0}04 FAE A A 7
42 1026 em, ol AT 257 go & Yepgon, G4 E& o] gt FHo
AddE 49 =7+ 14 079 em, 24 259 cm, 34 4.04 cm, 44 5.22 cm,
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54 6.18 cm, 641 6.95 cm, 74 7.57 ¢cm, 84] 8.08 cm, 94] 851 cmZ e} E
ATl BESA HAoFe 4% 412 mme F 349 PHE

Mackie (1984)= A-solAl /A7 Arl= AY 1 : 1o]AR A o] AR
o ozt B Fx EASY v B Ay dn 0§y 4o gule 1
0972 ¢Flo] FARG 3t BoLo, Chi-square fest2 HA3E A7 Aule
112 Fo8 Aol& HolA Lokt

Mo Abeky)= d) oo whel 2oyt QLo (H A KGR G, 1985), U
o BAS dAE AR A 18 &SR, 1981). Sl 2= dl
Jel THENME 6~8Y(NKE 1930), iifiK 6~109 (Taki, 1949), iz 5~7€
(57, 1895), JINH 7~9LB (g - /NAE, 1954), Siiile 6~8L (M, 1965),
WG 5~7L (A, 1929), P NS 7~8Y (Ikuta, 1988)2 Y= s Ho uwf
2t ko7 AT

o] W Av)e] fig AFE AA $E= 89 FTEHH 9€ FEAA
olH, NAA7E 89 FEoE FAHEPI(Choi 1971), FF AT AR
Ae 79 sk dAh AsErb M %3, 89 FEFH dAEY] A&

A=

E

=23 7astgot s tHChoi and Song, 1974). 3 F-Apuhe]
5~1090]H, AAA7E 6~79E RIS HKim et al, 1986). AE 7A 3
o] Ae7)o] thEte] Lee (1997a)v & 22T 6¥5H 25T 9¥971 A0,
AHA 7= 7E(27C)~8€(28T)E Hil &Yt} Chung and Kim (2000)= A
71 6¥FH 99712 RusH. B AFdA AHEre 69(207T)~9€
(26.6T)E 22 3 Fo X FAFE Lee (1997a), Chung and Kim (2000)2 < X] &}
RO}, Choi (1971), Choi and Song (1974) 2 Kim et al. (1986)%] Z3}o}= ot
2 zpol7h Slo] MA s e we Ad7) dES & AUy
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A3 Ada A

A1d A A

ANTFTEAN FAdAN 718 a8 AL A7 ofnE FHs= Aot A
e oulo A BT FATS FEAN A A AFFG AEE TS
Holth 3, AN DEFANAS AFEA 2A AME
osrz Ao WAE £, G9E FEEE F9 HAPASZAS Hile Ao
AEFTHAYLNES fald H52Q 8o "t

ZANFY AT QA S S FHS 528 A (Galtsoff, 1938; Loosanoff and
Davis, 1963), 3}84 A= (Iwata, 1971b; Kikuchi and Uki, 1974; Gibbons and
Castagona, 1984; Crawford, 1986) ¥ A E3FH A= (Iwata, 1971a) T°| U
gy AAdA s ojrls g AAHA A5 = HA st
A HH, 371223 F24cA4T 79 294 ASvoER A7o] Jtesin.
A fste] oA ASUHE A A ST FiEs AaAZ
FE7F e, Mok MY QY= FV=EH hAs WR M a3H
Q1 Ao = deA UAT(hE, 1972).

Wkl Ao mE AT NHOHE A2 o A% FAHSagara,
1958a; Choi, 1971; Choi and Song, 1974; Choi, 1975; 1976), & 71=&3 7%
SAZ(NEE, 1972), F7=E2A=H SFFAF(AH, 1975), Y5FAY T z29
s 2AL FV=E, 2RSS W (L F 1978), A 9 dF+H
(Choi and Song, 1974), AT A2AE & F24cH WHE F245 44
(Choi, 1976) 59 A7+ At

2T B8 T SR B VL HolE HA g V|iteE Y
FFs A wed 53] L, @ F FEEEE 27 AEE ol 2 F
aQloly, =AW, R AFTHEHANS Yot w5 F88 FAo|t

ZMFY 3G wAo| #A} AF=  FZ(Staeger and Horfon, 1976;
Stephano and Gould, 1988), Spisula solidissima (Clotteau and Dube, 1993), X
¥ (Dufresne-Dube et al, 1983), 7}2]H] 7 (Gruffydd and Beaumont, 1970), 7}5-

_
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2} (Choi and Song, 1974), B}Sl= Crassostrea nippona (Yoo and Kang, 1996) &
W Boh 28y fREY dAFEe] A4 R A AFEA uF AT
TEAMNS 98 A= =% ot

AR AL FEH A o] YESHH Y= (biological minimum
temperature)= "¢ T R5H, HAAdF J|Eol do AFHA A=H o
v ZAE Hdaotis discus hmnai (Kikuchi, 1964), -4 ©| Halocynthia roretzi
(Yoo et al, 1990), 3= Pagrus major (Yoo et al, 1991), 7|8 %7l (Lee and
Rho, 1997), AFz=7 <} %%(Chang et al, 2000), 53t (Lee et al, 2002),
v-$1= (Yoo and Kang, 1996), &37}2|¥] Ch/mnys nobilis (Won and Han, 2004)
solA AFE uk gl

MFFo o] v ArEs U FASY B Slo] AL Hd
- (Sagara, 1958b), vt 23 WS Meretriv Jamarcki?®] A 2719 A423 A
R 5, 198) 59 d77F dovd &, 8%, F82% To| &4 LA
A= Gl g AAHQ] A= FHF AFolHn
2 AFoME HFY A, AT 24 2 AP ESTHQA 5F
i, AT HAES FHANIN] AT 7, 98, FEEEC BE JH =4

2 sebasic.

(]

tlo
o

o3l

op
fl
F

_29_



A24d A5 L Wy

1. A& ¢4

A A 7~94€° HHE 27T 58.8+82~
65.848.4 mm, HF 54.3+29.8~73.1+28.7 g¥ /WA RS, 63 |25} thH(Table 3)
Table 3. Number and size (meantSD) of Merefriv /usoria used for the
experiment of spawning induction
Date Number Shell length  Shell heighs Shell breadth Total weight
(mm) (mm) (mm) ()
Jul. 19, 2001 200 65.8+8.4 54.5+7.2 33.0£3.9 73.1£28.7
Jul. 20, 2001 200 65.8+8.4 54.5+7.2 33.0£3.9 73.1£28.7
Jul. 24, 2002 70 60.3£9.3 49.9+8.7 29.8+4.9 59.8+37.2
Jul. 28, 2003 329 60.3%6.1 49.0£5.5 30.4+3.3 54.3£16.0
Sep. 2, 2003 180 58.8+8.2 48.6£7.6 28.9+3.9 54.3£29.8
Sep. 7, 2003 160 58.8+8.2 48.6£7.6 28.9+3.9 54.3£29.8
ovje] AANTAE WAHI] Yste] AP FA FL 18~NTE 2P §5

2 A gz FE3ta HONEZAN Chaeloceros calcifrans, Isochrysis galbma,
Monochrysis sp., Tetraselmis fefratheleS 55 1 mL% 10x10°~20x10*4 7

FAHES A& FFHHEM AT &S AT A5 T=E, F24
s B AT HET WY, 3= FAsASe 3¥Y IS
AFEER T B ST 712 20T AFY aEAT wgo] & e A
A 1A B9 FIlol =E2AA AAEAT. FedE AT AFFER o
2 20T sjol 8T F ourh dAHE JtedeE HUlste WHoE
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o}
ok Aol o] RolA A g Aol 29TAA FLe 4

A AvEE, AES A Fe S wEAN AFAAT. FARAATe

o AHEH 2= 5 Azb olad FxQoew, dS&E bag filterst It
&t 1 m7hA A3g & Ao A At -

=8 T 308 F WEA7|7E 20 mel ETtokAlE o] 85t T@%

d A AR FATS 33 AFEsden, A

Ao RS 47k AP 100 L E82Y 320 F83 & 2wyt

|

X

i

&tol micro pipette© 2 1 mLE 3 ¥ cell counter chamberE -85}

T AA AR AE SR At At ¢5d FA
RG 57t A9 £84 10 m® A2 FRPAEE ZAYE 2o 83
Fgb - ARG oW FEe 27:1TRE FHIGALH, FUE WAEA F
st DE3RAY BAEL £ F O 24A30] FI F FE A7 40 me)
Be7bolAlE o] &8t DIFACE BAE AA S FATF F FHL A
o} TdT o R AFa DAY HAES AMeA

e

ut)
flo

)
o

¢

5
T
e A
H

A g BYRY S 2Aet7] At FHBANARE DIFRFAAA 5%
AR YRS BFAT A AF L £ 27C, G 0oE £HH
1 L beakero] A% 1 mL% 100709 &< &1 AAES FH7lete] $HA
2%, FAGo] BAse FAZAA Yee EAEE - S 545 3

3. A% AR F ARAR hE 54 FA] @A
3 AT gunelq APE oW A,
A A F ABA] BE FRED BHES 2AFAT. 45T ofrE

AA F71=E XS F 1 L beakerd] 1THAY FE3te] F2AdsA=oE A



& AFE sha, 22 A e - 33" df AA(E AHEet A - 4

HF, 1A F, 2A3F F, 3AIF & a8 43 Fo EgAste] S ES

PAES ZAEIAT AT A 5 L3 FAes F2 27C, 9 309 @ T

o WAsHoH, A Tt 2L water baths AH§3te] 30CE =43S

, GELE 300U AFSSFE 1 m cartridge filterE A83lo] o713k & #9

e 2AE S5 ARSSAaL, &9 FEEEE 20 /mLid. FHES 3
3 A

0% A%E Fo BT GANA 2ASFLOR, HPL 2BOE A

-

Fo e FAT A

2002'd 8Y 20UFEH 297HA Fo WmE FAHTY LRSS BPYES
wtetaty] 9sted 2 20, 25 30 B 33ColA Z HAGA AL 4 QA7
DEFA7AA S 2 E HAFE A AT 2] 20029 89 12¢YFH 13Y
HA F 27TAA DIE3FAZAAY BAE AAFE ZASAT. AMSTFE 1
m cartridge filters A&t oA F S i’\}f& f-E AHEEaL,
AEL 310Utk FATY FEEYEE AFS 1 mLT 200 A &7
beakerE AFE3lH I, &7 vASA 57| HCH, 22 water baths Al&
stol At ATh 24 FAGAA AQATE 5 HAo R FoAnPo R g
Aste ZApstgon, TAGAE 2QATLE FFTY 50%7F 72+ SAEA
ol2f% AFtez Y. TAE AL tEo R d9on, 33 AL Ht
A& AHE-8H AT

—_

Fl

5. 4 we FAT B

Ao B2 FATY TAEL 20029 79 319HH 89 14974A] G 175
1 254 S7HAA 400744 104 A@FE Aol dF7EE 7oy ¢
T2 dlg, SR R ALdEE ASstd 2Hsen, #&& 30T 243

Aok 1 8t APAFALS FoE APoA Y} FIEA AT

FATY Fedno 2 WAES 287 98] 1 L beakero] AFSS 1
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mL7 20, 40, 80, 160704 FAH*E FE&3ta, ¢ AL 77 30T, 31=
ZAsAdth I v AP x4 H Ao M FLeA s
7. $AAE

2t Ay ARERYH dod EE SAFRES HTIXREAR(SD)E EA A
own, ZAFE AolY FYA FF= SPSS (ver. 12) A package program<
AL&-38te] 95% A EG=Foll A ANOVAS} Duncan’s multiple range test (Duncan,
1955)2 Attt
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As3d 4 3%

1. A2 34

A2 2001~2003'd el AE HA NN AP ofu|E ARt F 63 HAAE)
Aot on URAT e 79 do] b BgRen, 99 &Y AdEge 7
4 o] mHE A FAL 81.3£2.9~86.1+22 mP oW, FATNA DI
AR BAELS 411~687%H . AFHHd e TNE
FeAaS BT T A 46.3~68.7%
Wast Wy Adxdd B e AFS HAt. 24" DIRAY A%
129.8+4.3~132.7+6.0 m%3 t}(Table 4).

Table 4. Spawning and development of D-shaped larvae of Meretriv lusoria

No. of . Deshaped larva

No. of Stimulation ~spawned (Egg size pe

adult ~ method eggs mezg}ﬂ) > Number  Shell length  Hatching
(<109 (<10 (meantSD, ) (%)

Date

Jul. 19,2001 200 EA+ET+SS 3,220 823127 1,510 130.413.6 46.9
Jul. 20, 2001 200 NS 1,700 - 700 131.7433 41.1
Jul. 24,2002 70 EA-+ET 4,800 86.1£2.2 2,280 132.716.0 475
Jul. 28, 2003 329 EA+ET 8,400 81.3+29 5,200 129.8+4.3 61.9
Sep. 2, 2003 180 EA+ET 2,800 83.0+25 1,295 131.4+3.8 46.3

Sep. 7, 2003 160 EA-+ET 1,200 82.9+2.8 825 131.3+39 68.7

EA: exposure to air, ET: elevation of temperature, NS: natural spawning,

SS: sperm suspension solution.

2. FAZY YRS

U gee SARAE FHH 54 Fig 129 dehd wheh 29 v
o ge B PHBoE, B A% ¥ HUPOZ(Fig 124) FHo| o 7ol



AAA Ao R Hw(Fig. 12B), T& 25TolA 4 208 Fole FEF F
B ASA L A2FA T BEHAHFig. 120). o F d&o] A FH FFE

ol o&] 243, 4N E, 8HE Z 164 E7S AA(Fig. 12D, E, F and G), Al
B go R AR ARES ALt duivIE EEe . FRAES ge
Z&A7](Fig. 12H), W4k (velum)o] g3l al mjz}o]
YA == veliger”](Fig. 122 A DI 4 (Fig. 12)o.2 ¢ dch. DI 4
71 24 132.746.0 i, Zt3l 104.0+4.7 mG ).

mlo

ot
=
)
2
e
=)

]

X,
)
aly

1o,
N

3. AT AR F ARA wE FAHR FAT 24
A - A F AP B2 FHES AT FF9 147 Fole 99.0% 9
98.0% = =Stovt AT ANA 247 T 86.7%, 3AZF F 802%E FAEAL, 4
A7 3o FAHEL 468%E 347t Wl & oS BT
A - AY A% F4% FHTY DEFFAYA THELS 61.9% A, 143
B QAN E 212% 8 AA TAFI, 247 T SR A] 3.8%, AT T £
A 08%E A - AY F Algro] AT wt THES F479] ZJ Ao,
LAyo] o] FoAAA ¢kokth A - AF F £F AT
—’F@%Eﬂ HAES oA AT A, AT - A% XJ?, Nz %, 2
2§98 2o]S B Y OH(P<0.05), 3A17HH
2 AT QAP EA &k TH(P>0.05)(Fig. 13).
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~
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i

3
2R B 7 DA A e AQA S Table 59 2T & 25T 9
= on, o]F dato] NHE o] REFI 9
3 2ME, 4N E, SAE 2 164 E7A ZHzZF 1A 7 58, 1417 30E, 2
ARE 0ol 2aHth eI GE I AAE 5AT 508, HRE &
2A4E 1247 1032, 247 Hato] FAHE DESAZAE 2047
2599 20T 30TANE DIFAZAA 27 3747 1583 1547 2080
aaso] oo hE BYVAY 2eAte Feol ¥S5S stk

_

_35_



I

Fig. 12. Early developmental stages of Merefriv /usoria. A: unfertilized egg,
B: egg just after fertilization, C: polar body stage, D: 2-cell stage,
E: 4-cell stage, F: 8-cell stage, G: 16-cell stage, H: trochophore
stage (hatching), I veliger stage, ]: D-shaped larval stage.
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Fig. 13. Fertilization and hatching of Meretriv /usoria eggs by elapsed time to

insemination after egg collection.
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Table 5. Mean required time from fertilization to each developmental stage

with three different water temperature regimes in Meretriv /usoria

Elapsed time after fertilization (hour : minute)
Developmenral stage

20C 25C 30C
Fertilized egg 0:00 0:00 0:00
Polar body 0:35 0:20 0:15
2-cell 2:05 1:05 0:50
4-cell 2:45 1:30 1:10
8-cell 3:35 2:00 1:30
16-cell 5:05 2:40 2:00
Morula - 4:45 4:20
Gastrula 11:35 5:50 4:40
Trochophore 34:05 12:10 9:50
D-shaped larva 37:15 20:50 15:20

23
A%
o)

e

N
e

AGAZNA 28AZhe 2P0 E Yefsls o FE TS
BAES e ATHFg. 14). XS5 F&, Y& A3t 5=
FZWT: C)2t TAEAE 22 2Hh)S] BA 4
241%7] : 1/h = 0.0720WT—0.9323
8AIE7] : 1/h = 0.0388WT—0.4871
) 7] : 1/h = 0.0128WT—0.1625
2 F & : 1/h = 0.0055WT—0.0606
DEFA : 1/h = 0.0038WT—0.0492
2 FAHA
ol BANE VIZE YF9 o] 0d o FAHAY XFol Hete 52, F
Woke] 7] LA o] ddAo] FAste HE}A = HE 12
337423
TS 99 #AAAE E&st] 4 TAGA A o]2E £Q AT
A A2 S AAE T BAE DAFLEE Ehfo] WEe] HAGAE 49
T

A RS EHA Gol B 4 UtH(Fig. 15).
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14 r
1.2 F
1/h = 0.0720WT - 0.9323
= 1.0
~—~
—i
| —
@ 0.8
£
e
©
D 0.6 1/h = 0.0388WT - 0.4871
El
o 04
e
1/h = 0.0128WT - 0.1625
0.2
1/h = 0.0055WT - 0.0606
o —°
00 o 1/h + 0.0038WT - 0.0492
20 25 30

Water temperature ( C)

A 2-cell O 8-cell m Gastrula
o Trochophore ® D-shaped larva

Fig. 14. Relationship between water temperature and required time (1/h)
from fertilization to each developmental stage after fertilization in

Meretriv lusoria.
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Fig. 15. Relationship between required time from fertilization to each
developmental stage and accumulated water temperature in
Meretrix lusoria. 1: 2-cell, 11: 8-cell, 1I: gastrula IV: trochophore V:
D-shaped larva. WT: water temperature, ©: biological minimuym

temperature.
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+73 T DIFANA &8 BHEL 25T 27CoAM 42 68.9%, 80.3% =
20T <] 32.9%, 30T ¢ 58.2%0 Hlal #o& Aoz} AATH(P<0.05). L} 33T
dre FEAZLA BAo] olFolFoy DIEFAAAE LTAHHA o YrhFig.
16).

el Wge] 2ATLE DYFANA Y THES 1
25~27C, AAFLe 27T ATt

m-?{-t

WoRy HP5e

rlo

5. @84 wE £33 24

SR DEFAZAY Ao 2 FAES AE 15004 325744 4
ol EEFE S, 325 ool Ae oA HelAe BAEFS EAT 5
3], 9% 275, 300 € 32504 HAEL E JH H& &3 zo]7t A
THP<0.05). G 32504 BHEL 233%= 7F =¢gou, ¥ 150, 175 %
4009 = DEFACoZ DA HA Lt

HAE DYFAY A4Fe o wEl ZolE HAT. dE 225~37.594
DEFA Y Hdzhde 130 mm o] FellaL, 53] d& 25.0~35.0004 274 =7
of "l #Folg AolE HHPTH(P<0.05). HE 20014 2AH DY
Aol 24742 118.449.0 mmz ThE AP ol vl v Zkch(Fig. 17).
wpefa] kel o] DIAFACE WA JtEd @RS 200~3752 U
$ow, dad W 449 DIFANA THEH DERAY Z7E 19T
 HGPEL 275~325%2 e

6. 895 g FHFY A

FATY FEEEY @fE DR THES ASTF 1 mLT 4005 &
& AP T4 525% 2 7 =%, 200 E F8F AP FAAE 502% = 4070
AT F938 zhol7t AATHP>0.05). TS 8072} 1607SE 83 NI
o HAES A7 23.0%, 226% = o F APFA= FAF 27t Ao
(P>0.05), 207} ¢} 407} AAFI4E FY93 =o]S K HTHP<0.05).

et FAFOZRHE DEFAAY THES Y F e FHHY &
AT = AFSF 1 mLE 407 ©]8tE UEETH(Fig. 18).
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Fig. 16. Hatching (%) of Merefriv /usoria eggs in various water temperatures.
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Fig. 17. Hatching (%) and shell length of D-shaped larvae of Merefriv lusoria

in various salinities.
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Fig. 18. Hatching (%) of Merefriv lusoria eggs according to number of eggs

per mL.
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A 44

WiEH 5ol o3t 2l © prostagrandin¥}
amine®] F Q% IS = FAoZ 4dHA At (Khotimchenko and Deridovich,
1991; Deridovich and Reunova, 1993). 3t 372 W3l 5 2fF Q991 Akgt
frarely, 53] 29 FA43% Wl efate] dlo] Hu(Thorarinsdottir,
1991).

ZNF F4& G E(germinal vesicle)?] T TA Glo]
THE e, dREY 2lFe dHETL 24" Fo A
o] FZth(Loosanoff, 1954). 21¢jH oz Ao o ZHZE3 &2 o
E 7HK mAdsdoRZ AY F£Ao] o]FojA A gFol(Sagara, 1958a), =8, 37,
A=A A= e ol&ete WE - AdEs FEATIe THE ARE ST 9
T BF Ad@BERAAN FAHo| T &= DU7F AA FAGEH, 1941),
A2E HAQslY de ¥% AAE AFFHol APy HuFPou
(Sagara, 1958a), Hatanaka et al. (1943)2 #igte] HAE HijlA 9L ¢
1/1000~2/1000 N9 NH,OH sj&dd 20~30% T & AAES FH7leiA
#7Ao] AJF3 T, Choi and Song (1974)% 1/1000~8/1000 N NH,OHoI A
98~369% FTE Atk Husq.

Weke] A AF WReEA FeH ASo g o AFZEAFAM=
NH,OH?| 35843 w5 Desto] Ao AH FAstd A - Ao
Ve, JAFFAA ddAo] FFHoz dojdril & o (Sagara, 1958a;
Choi, 1971; Choi and Song, 1974; Choi, 1975; Choj, 1976). Choi (1975)«
NH,OH| dj5+8& 95 FAFELEA pH FsS oA I - 443 fFEoH,
ZAFY 5 g P - 1AHL Yo7 NH,0HY JZHO.‘Eoﬂ P
T 1=

B AT NE B8 420 Ya ATE WA wgon, Bem 2 A4
294 4% de Agse AL - AGA. BIA AF gyent 27
=27 FeAEATS Wagste AREgon, AEEH 4T oz E Fo

r
o
2
b
-3
o
=cl}[=‘1’
o

2,
ia)

tlo

e,
o]

&

gol 7t

J Ao

=
[€)

rol
o,
Y
(o,

[el
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=i
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1l
ol
L
tlo
ok

ol

|

Jote] AbEStAT B A7ES 3U|=E, Fedsd A

ANMASTE ANE skl 200784 o v el 4 32,200,00070 ¢ &5 2AoH,
2 469% 9. FVN=EH ST AFoE 43 AT A,

79 dteoll ofm UAAT Aol b Bokal, Azte] AHTFE Ao M
o] At - NGl oY ¥EEE, A 2 DEFAY TAELS ofn9 A
sEo met 22, AAdA FES] Axe o E R = Aol TaskH, A

l

8 AAAN Axe dhttels Ads A ofv] Gr A7|= 79 o] 7HE
T o E AdHU.

54 (fertilization) o] & WH=A| (haploid)e] F 4, & dA< A7 &3 3
of wWjFAl(diploid)l A7 He As 2o, o224 HIAH(FAH )= A

HAS A ZE A BT, 1994). A& E oy AEH G2 dg Tl 7
E 537 dojyr, FA gle sl IS W ASED T 2
o] A ]H“i(Longwell et al, 1967; Osanai, 1985) /32l 43} HAo] o]
Folz 7] AHME dEE ¢S IAH A el FHo] o] Fof

E AYAERE AZ 54 5 §U08 50l AZHY, B ALK
QAT 1IN Fo FHEES 2H2F 99.0% 9 98.0% 2 =R o Agto] H
G5 FHES HolA 447 Foll= 468% % DI *@77}%4

& - A AT 61.9%Q O Aol AFEFSE FAE HolAE AL HYTH
2T BN FLo] 7] GBI AZTEEH FAHY A B AR
2 S vAY, Qi AZEdE JFFo2 a8 9% -8 =9

A RO E IS PA = 8.%0o|tH(Ventilla, 1982).

WMot Ty A o tisle] Sagara (1958b)= FAH T LA JbE F
22 19~31TCe|", DIEFAY HEE T5 1t HHF2 21~27T0|1
16TlM e Bz Yol A Feva EE’S}%{E}. B A3 AE 20,
25, 30, 33ColA B4He DEFAHOZ WS F&L 20~30C AT, 33T oA
= SEAVIZHA wAo] o]FojFH oy DI RFA 77} Ae HAHA Yol Sagara
(1958b)9] A3 & e el AN T2 FHTE] T o] Fo]
=75 WA= AL FAed wet Yser wE B AESA g SET)
W ATl she Qe WA FEEHEe Aot
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ZMFY Aol A ofn o] AL den B o HAEE AHE o
AESH Jro HEol a3t AE}H Jue Aol AAde 7252
= UBH= ZoE B4 EE #3 (ES 95 F ATH(Chang et al, 2000).

AEY YEAHQ BFo] BF FAges & AeErid 29 o] 2%
st e By JET YEFH FJEE ol &8st TAEAE HiFEL
Astetn, A4 wae] WP mE} AFFFHoz Frhsta o
Feg olga TAFF o] £ Wi waE WYLAATLS 9
& Ao AF7HA A" 2AFY A=%d e AFEAH 123T, HHS
= 1096TC, E37tgH] 1044TC, F= 57C, 24U 55T, Z78 =7 3.82TC
Hom, B Ao WL 124TE AFZNS H$%d AFES HAY. o
Sagara (1958b)9] & WA HH]A WMok 124T o|stof A= 2041 &
AR ApE e Aot dX e

Ao wE FTAY AN Sagara (1958b)= WS FHDE FE 415 o4
FE 102 ot HAHA i, A7 FES 193~3630 2 HIls}
Atk E AFoA FAHHo] DIFYLE T e LS 200~375%
Sagara (1958b)9] A9} fFrAtg ZFHE HAATH

ol AT wAEAE B L8 AR A Choi and Song (1974)S &
27CA A 8 F 2AZ77HA 1A 113 285, 44 27] 143 428, 84

E7] 2N 3 3%, EHj7] 3% 55 2Eal A ¥ AR VL § HEAER E

rlr o
D
AN 22t o

>,O

rir

=2

o

=
A&t Ytk Choi (1975) & 252~293ToA £4 ¥ I =dL
502%, 2413 7] 1A17F 108, 4M3E 7] 1A17F 485, 8AFE 7] 2417 218, ) 7)

4A1ZF 238 FEA 5A17F 418 283 DEFAZIAE 23417 3180 42994

T 84tk Choi (1976)2 €9 AAL 86 molw, 4 F 538 & A13A7}
Zdstar, 24 E7) 1417 3%, 44| E7] 147 288, A7) 3*17J
oAl 6% THEAV], DEFAZIAE 2247F 47%0°] A8
= Zt% 1088 o]kl HALE k. i H(1941)2 47 Zh
DEfA o] i, /JIF(1972)E DFEFA7A 20~23A7ke] AQ@TL H 1389
o Choi (1971)= 73 F 12A413F o] o] HEAE Hil 24X tell DI FAH L
2 AT B Anh. HAKEERAEER & (1985)= N &9 7= 60~

1

—101 i,
=
o
off
o
o
1o
U
N

- 47 -



80 m=E A, F& 27TelA o 1A F 18 de] dojifar, 9A 7] F&EA, 20
AZE ol el veliger A2 TASH, DIFAY A7+ 24 100 metil B
ot

B AT £ 20T, 25T, 30TA 8 & FALENA 284S 2
7} 35%, 208, 15802 Choi (1975, 1976)9] 5028 (& 252~29.3T)F 538#
2 o7t YA 2 FEATA 2QAITHE 7z 344 7F 58, 1247 10
B, 9A17F 508 C. & Choi (1975, 1976)¢] 5A17F 418, 6X13F 68, 183 [ AK
PEAE P € (1985)9] 9A| = Zolrt AT o]AL AFAbe| we 7z
BAGAE FEst= 71 A A7t Ae AR AZ4HH, B AFdqA
GEA dAE LolA Fastd AR @ustd 25S At AHeR )
At

ol

al
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Aad w9 A3} AE

A1d A 4

BN
=
1
Ao,
4
o,
uc)
rlo
Y
3=
M
e
o
Ao,
e
=
N

1, Sui7l, FEA7] R veliger’] S

AR DEFAOE Brh AR G40 BRI FEA FANATE 53

TR 43 dAE gRFH= TR web Ko7k glow, o)y
1=

ot o W 2% 72 A8V}

ZAF #4Y AR A& B A= F2F 79 #434 aHem
and Millican, 1977, Dos Santos and Nascimento, 1985; Nell and Holliday,
1988, Robert et al, 1988, His et al, 1989), Ho|A & FF(Wilson, 1978;
Romverger and Epifanio, 1981; Enright et al, 1986; Helm and Laing, 1987;
Laing and Verdugo, 1991), ‘1A 4 (Gallager and Mann, 1986), Ho|AE FH
(Epifanio and Ewart 1977; Nell and Wisely, 1984), ¢ o] 35 (His
and Seaman, 1992) 1283 Ho]e] X&) A (Wisely and Reid, 1978) 5o°] it}

Fxol X 2AF FAAS B A= T ZAF K7 Hold 4%
(Yoo, 1969)S AlZto 2, 3% (Kim and Koo, 1973; Pyen et al, 1976; Kim et
al., 1980), #7}2]¥] Patingrecten yessoensis (Lee and Jo, 1980), = (Kim et al,
1995, Min et al, 1995; Yoo and Park, 1997, Min et al, 1999), Bl&7}2]H]|
Chimmys farreri (Park et al, 2005)5 WO 2 AS4e, 84T, Yo &9
TH 2 FFTF Foll #3 Aol o

W FAAS B AFe FAAK(EH, 1941 09, 1972; BBk 5, 1978;
Choi and Song, 1974; Choi, 1975; Choi, 1976), 7] DY A AF27 H

¥ (Sagara, 1958b), DF G40 47 AEge] WAL $& AR 2R A
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(L 5, 1978), Mol AE FFHS} EFH & BE FAARS (L ¥, 1979) &
| ok 28y Bge FAALS dFe vY oY i o A AP
et Ao, FAASA HolBE A FFIFHR FAAA A7 A
T HoAES A FFFEA FAY 4747 AE dsA HES AT

=

S84 HolyEe %
N N PN
&

I R EE
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A24d A5 L Wy

A 373 AE

FAASS 20029 7Y 25U RE 2997HA] 497 AAE AT FAAS A
48 DIAAL 79 49 HTE ZA4F 1327460 mo] Z71QoH, 10 m® AHZ
FRPZE ZIAFE 3] 22,800,000/ A& 543549, ASLEE A4 1 mL

T 2280 A AT HolWELS [ galbma Y FE hemacyfometers AL-8-3}
1 mLE AEFE AL T 27 DEFAANA AADT wid 3004 EE FF
stAom, fAo] JGE e wet TS ZUMA A 49A 6,000/ EE 24 -
Q% 1049 23 yro] FHEEAT. TS VI T S 299£1.3T,
HrE A5t 258028 AASFE 1 m7tA] AF3g T AL A
glate] AL&stHom, FAASIIT F AR 244 AY S FA Y

'7

OH

o2
Ehd

rlo

e A4 50 mLY 53 fEstY A Z4aE vH5F Y 7| (Nikon
V-12)& o] &3t 1 m7tA SA3H 2

YEge E2 ANFE AST BT
g 8AMOoR ANE F AA F4 Y2 HYt

2. 52 g8 fA49 43R AE

T AA ASFEE &) Yste 20019 79 219 HE 4GAE L
18, 23, 28, 33Tl A, 2002d 8¥ 13YFH 16Y7HA = 2 36T 39T A AL
5 APE AAEAT. FAANS] AMEE DI A 20019 ZH 130.4+3.6
pm, 2002139 2+ 130.043.5 tme] Z7]E 1 L beakere] A5 1 mLE 57/ A &

g3te] ASEAY. Yo MEERE [ gabme B9 T FTHEIIOH,
hemacytometerE ©]83t4 1 mLF AEFE A5 F FAo Ao met
THEFS Z7INA A4 AT v Y 8,000~12,000AEE A - 2% 104]9]
23] Yol FFSATY. HES 1 m cartridge filterS A83le] ofd &40
FTHRTE EF3t 302 M3 AL, 522 water bathE ©] &3t Z4A34
o Adg 2S5 FAs7] At 284 AlsFE A @A Y oA
1040 23 d&& A6, 4334 &S Pl 248A0. F489 A

#4210 mLE 33 fEso W5EY7|(Nikon V-12)S o] &3t 447 zZta

N
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1T m S7HA Fgste] A 4833, S AAFE AFste] &S

Hehch AP e 3B oz AN YT

Meo

3. A& wE A9 A AE

e A4 AFERES €7 fdte] 2001d 8€ 9YURE 1297HA 397 4
0,5 10, 15, 20, 25, 30, 35 R 4091 FAAS= AA st A AHeE
DIFAY A7l= b4 181426 meow, &L s S75 2 Add=s
EFstel 28 2SI, AASFE 3BTAS. 2 v ddxde Fod

FAAE A5 FA5A S

4. F89% U2 FA9 AFH AE
FAY AR ASEEE D7) Yt 20029 89 269 HEH 3097HA 497
AHES 1 mLE DERALS 1, 5 10 2 204AE F88t A% A= FAA
S5 AAEAY. A Ae" DIERFAY FZ7)= 2 133.1£25 mP o, AL
SFLS 33T, 9w 252 At 1 39 Ay 2de &l {FAAS
A

oMot FdatA At

Ho

5. ol Y& Fid e #A9 AFF} Y&

Hol gzl Fiel WE FA49 47 AEeS LVIHske] 2002d 8€ 26
AHE 30Y7HA 443 Holo FFE BEste] As APS AT 29
o AH&® DIAFAY Z7E 4F 133125 mPow, Hol W ES FFZF(Class
Bacillariophyceae)?] Chaefoceros calcifras, 2S5 25 (Class: Hap tophyceae)?]
Isoclvysis galbmag, =% (Class: Chlorophyceae)Ql Nannochloris oculata 3°€ 2] V|
A ZFOI AT (Table 6). ©] AN 3FF PAZFE 4502 T3 4
T 35S E£Fty T AFTE AAste] 4FR YEES Hlus AT

2o A9 23 4ed A% N9 BA8A s
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Table 6. Cell size of three microalgal species

Source of Cell size (mean+SD, ym)
Species .
strain Major axis Minor axis
Chaefoceros calcifrans KMCC B-258 5.4%0.5 4.4+0.5
Isochrysis ga/bma KMCC H-2 5.0+0.6 4.5+0.5
Nannochlorss oculata KMCC C-31 2.7+0.5 2.5+0.4

KMCC: Korea Marine Microalgae Culture Center, B: Bacillariophyceae,
H: Haptophyceae, C: Chlorophyceae.

6. HolAE TFF g A9 A} AL

HoldE FFTFN WE FAY 4 YEES LotE 7] 95t 20024 7
4 2595 H 28Y7+A 33Uzt Hold FEFS 2Esty AlSAT S A
Ado] AME3 DAY AV A4 1327459 mP o, C calesitrans I
galbma, N. oculata 359 WNZERE T4 AEZFE EFSF & AN 0~1, 2,
3dA o] FFFS DIEFAAA 174AY 250-500-1,0004] 3, 1,000-2,000-3,0004]
¥, 3,000-4,000-5,0004] 3, 5,000-6,000-7,0004] 3, 7,000-8,000-9,000M Z& &3t
APTE AAsY Y AT 2 AEES v EASAY. AF2 29E o

2 AAsen, 2 WY didxde F2d AdAdM e A s

7. A4 712t & {4 AZH} AE
Ao A4S 2002 849 26¢HE 949 3YU7HA 8UF HA AT, A
of A2 7|2t 19, 29, 4YE Yol A4 F HoNES T, HolA
| ¥ AP a2 Ay Qlo] Y HolHES TFF 4P TE
A dAst] A AT AEES Hlu BN A3 AMES DIF
Ao @Vl A 1331425 mA. HolWELS C calirans I galbmag M.
oculata® X Z7) DEFAYNA URAT WY 6,000MEE FHEsIALH, FA ]
A wet FFFS FUHAA 494 10000 EE FFFAT T2 33T,
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dEe 3007 Ao, AFL 2B oR ANFAL. 2 Fe] AP
e FAASoMG FAA ST
8. A

7 A9 AHERYH dojl Be SHUSES FALETAASD)R EASHA
own, ZA}E AolY TR FF= SPSS (ver. 12) A package program<
AHg-3ste] 95% Al gFEol Al ANOVAS®L Duncan’s multiple range tfest= 7783}
At.
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As3d 4 3%

e AFH AE

72} 132.7+6.0 ¢m, Zt3l 104.0+4.7 ¢m 2712 DE A 228,000,0007 4 S 10 m’
FxAA A A7, G AN 194 4 153350 mn, 294 171.3+6.1
mz Astgoem, 39Ao= 189.046.3 mm A7|ZA FAo] £ WnlH X
TR EXSA Hi, 4% fFAL TS AEstd EREFS A Ast AT 1

497 o= 197.8+6.1 mm A7|E AAgst] FAAAS 713 Fobe AT
16.3 m=z vwi-¢- wE 4Fs AT wepd fA9 szl Ex9 ¥EIFS
aed o Wk JF7) fA AVl 4 185 m oG o E ATHUH HE
2 AMS 194 92.5%, 294 80.3%, 3YA 49.1%, 4¥4A 439% 9o, 4 F

22 HAE Aol 9 tH(Figs. 19 and 20).
A9 ZH Lo disk A3 (SH)Y o4 S SH=1.0638SL —35.8190
(R*=0.9651)°] 1 TH(Fig. 21).

2. 720 e FA9 3% AE
FAY Fed A5 AY A Table 7 2 83 2o ZFe AFe 18T
A B3T7HAE F&ol B&5F WRoH, I oY FdMs Aol =3
oh ARS 39 A 18, 23, 28, 33 % 36T AAFolAN 7L Zh7 1411481 qm,
166.2+9.5 ¢m, 185.0+11.8 (m, 1984+13.1 (m, 159.8+7.6 Mm%, #% 39T E
AL 3UA AF HAEEA T AMS 3YA 4 e mE AR 4Fe AP
HE Fo% AolE HAJ(P<0.05), IF7] FAHSE AT £ 28T 33T
Ak YAFS £ 18T, 23T 2 28TolA 2zt 3.6 mm 119 m 182 mP L
o, 33ColA 227 mz FFo] 714 wskoi} 36T e 99 mE o] =it
FAY HESS £ 33TAA 798%E 7HF E=%oH, 18TA 75.6% 1
31 23T 28CAAE AASE w0z 9late] AEFo] 247t 383%, 53.9%
2 A, 36T AAE 549% 9o, 39CAAME AFS 39 Ao HAF #H A8 o
kA FAY AT AEES 1EE o W fFAAS HF5Fe2 28~33C,
HH 5L 3B3TE Ve
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Fig. 19. Growth of shell length and survival (%) in Merefrix lusoria larvae.
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Fig. 20. Developmental stage of Meretriv /usoria larvae. A~D: D-shaped larva
(shell length 130~160 (m), E~F: umbo stage (shell length 170~180
tm), G~H: metamorphosing stage (shell length 190~210 ym).
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Fig. 21. Relationship between shell length (SL) and shell height (SH) of

Meretriv lusoria larvae.
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Table 7. Growth and daily increment of shell length (SL) with water

temperature of Merefrix lusoria larvae

Water Elapsed days (mean+SD, /m) Daily
temperature increment of
(C) Initial 1 2 3 SL (/m)

18 130.4+3.6  132.8+6.7" 1363%65" 141.1+8.1" 3.6"

23 130.4+3.6  144.7+54° 157.6+9.8° 166.2+9.5" 11.9°
28 130.4+3.6  152.047.1° 174.1+85° 185.0+11.8° 18.2°
33 130.4+3.6  159.4+7.4% 178.6+7.2% 198.4+13.1° 22.7¢
36 130.0+35  148.4+45° 158.1+7.9° 159.8+7.6° 9.9°

39 130.0435 1333455  134.0+5.1° dead

Values in the same column having different alphabetical superscripts
indicate that they are significantly different (P<0.05).

Table 8. Survival (%) with water temperature of merefriv lusoria larvae

Water Elapsed days (mean=SD)
temp eratutre

(T) Initial 1 2 3

18 100 95.5+4.8™ 92.8+5.4" 75.6+3.4"
23 100 92.2+6.3% 58.3+15.3° 38.3+17.6°
28 100 95.5+2 5% 86.1+5.9" 53.9+3.5°
33 100 93.3+8.8" 90.6+3.4" 79.8+9.8°
36 100 87.4+2.0° 74.9+2.1° 54.9+1.4°
39 100 62.5+3.9° 10.0+3.5¢ dead

Values in the same column having different alphabetical superscripts

indicate that they are significantly different (P<0.05).
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3. %ol mE f49 FH =
Qrel FET s FUL AST A3, GE 258 FHoE GRol
A bl T A6l RolAE A%E R Ak 30 98 5

A7 192.6+8.3 m A7 E Aol 7bg Wt g2 A& FH= A Slo fod
FolE K QO (P<0.05), P 20, 30, 357&011% 87l Slol g ztel7t gl
ATHP>0.05). AbS 3LA HF7] FAHSE FAeA He dv 20, 25 30, 35
2 FAANEY AP EES 20~35% urE}‘;kE}. UG FE 259014 204 ¢m
2 Ao b wston, & 20, 30, 3591 = 17.7~18.6 mPAIL, FE 10014
9.9 mzZ 7} =L A4S B TH(Table 9).

Table 9. Growth and daily increment of shell length (SL) with salinity of

Meretrix lusoria larvae

Elapsed days (mean=SD, /m) Daily
Salinity increment of
Initial 1 2 3 SL (m)
131.4+2.6 dead
131.4+2.6  130.0+6.4"  133.4t4.5" dead
10 131.4+2.6  141.84+52° 150.8+58°  161.2+6.7° 9.9°
15 1314426  154.0+5.1°  168.1+6.8° 177.39.7° 15.3°
20 131.4+2.6  158.5+54“ 1735+55%  187.3+8.9° 18.6°
25 1314426  159.7+6.0°  176.848.2°  192.6+8.3 20.4°
30 1314426  157.2+59% 171.0+85  186.5+9.1° 18.4¢
35 1314426  156.7+4.8% 1712482 184.5+7.8" 17.7¢
40 1314426 153.4+44°  163.4%92"  1752+6.5° 14.6°

Values in the same column having different alphabetical superscripts

indicate that they are significantly different (P<0.05).
FUE GE 0914 BY, A 5N A% 3R AF ANHIO, A

3UA A& 107 15914 90% o] w2 AEES B3, AFE 20~409 4
A E5 S 48.1~70.7% T (Table 10).
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Table 10. Survival (%) with salinity of Meretriv /usoria larvae

Elapsed days (mean+SD)

Salinity
Initial 1 2 3
0 100 dead
100 18.7+25.7" 10.7£10.1° dead

10 100 100+0.0° 97.3+2.3% 90.7+2.3"
15 100 100+0.0° 98.7+2.3° 94.7+2.3"
20 100 92.0+4.0° 89.3+4.6% 65.346.1"
25 100 96.0+4.0° 90.7+6.1° 70.7+12.2°
30 100 65.3+2.3° 66.0+2.3° 48.1+10.6°
35 100 94.2+2.0° 90.2+5.6" 68.0+4.0"
40 100 88.0+4.0° 83.6+3.4" 59.1+6.7°

Values in the same column having different alphabetical superscripts
indicate that they are significantly different (P<0.05).

kA A fA BE Jbe dES 10~40, A AR AEES 1w
F AFAE S 20~35 HAHILL BAT

4. 785 & FAY 43R AE

T FEEEE GE ] ASAES AAS 27, 442 HA/mLe 570
A/mL AF T A AMS 494 244 191.6+9.2 ¢, 193.1+10.6 mz A Fste] A7k
e 24zt 146 ¢, 15.0 mP, 10744 /mLe}t 20704 /mL A& FAME 2H3
17514101 m, 172.5+6.9 m=z J7gste] dtdgo]l 242 105 mm, 9.8 mFAth. A
F 494 HF7) FASRE A8t He 4¥F= URA/mLet 570 A /mL 3

LAY AAS YR wE AFe 50A /mL oldtell e Fod 2tolrt Qe
H(P>0.05), 1070 A /mLe} 2070 A /mL A F o= Fost zFo]7t YA THP<0.05)
(Table 11).

AEEE VWA /mLe 5704 /mL A ATl A 672%% 68.0%E =2 BEE
HY3, 10744 /mL AF oA 57.5%, 20743 /mL A Foll A 463%E YEYG

WETl B84 AERC] FATHTable 12).

Mo
N
tlo
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nebq AR AEss 18 9 489 A AASEES AASS 1 mL

F 574A ol =2 yEkste

Table 11. Growth and daily increment of shell length (SL) with density of

Meretrix lusoria larvae

Larvae Elapsed days (meantSD, /m) Daily
density increment
(ind./mL)  Initial 1 2 3 4 of SL (/m)

1 1331425 156.8+42 176.7+7.7 185.7+6.6 191.6+ 92°  14.6"
5 1331425 155.6+4.6 177.6+101 183.7+8.0 193.1+10.6"°  15.0°
10 133.1£25 1502+3.9 165.7+7.5 169.3t8.6 175.1+10.1°  10.5°

20 133.1+25 154.3:50 163.9+75 168.7t49 1725t 6.9° 9.8°

Values in the same column having different alphabetical superscripts

indicate that they are significantly different (P<0.05).

Table 12. Survival (%) with density of Meretriv lusoria larvae

Larvae Elapsed days (meantSD)
density
(ind./mL) Initial 1 2 3 4
1 100 85.8+5.9"  783+7.1"®  733+24°  67.2+3.9°
5 100 92.0+5.7° 85.0+7.1° 80.6+0.9° 68.0+1.4°
10 100 82.0+0.0°  73.0+9.9"®  63.2+28"  575+21"
20 100 74.5+7 8" 63.0+4.2° 60.7+1.8°  46.3+2.5"

Values in the same column having different alphabetical superscripts

indicate that they are significantly different (P<0.05).
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5. 4ol E Fio wE FAY AFHF A&

Ho|WE FF WE A AFS vws A3, I gatbmg C calcitrans, N.
oculatrs YV EZ TF3Y FFS AT ARS 494 2 193.1+11.4 pm,
A 150 m= g7Fo] 71 wskow, o 503 FgFe AT
ToAA A 49 A 7}
ol Z+zt 187.2+84 pm 181.8+10.1 m= A AAsted Ad7rAA Aol Z+Z 135 um,

122 mAY. 527 N oviatrs G502 FFIN AITE AHS 494

ofN
Hu
N il
aV)

ol
-3
>
rr
)
S
S;_
4
~
:
e
AV
et
o
fru
of
ol
ok
(2
ricil

Hol W& FHo wWE FAY AFL 3FY Holg &I HAFTY C
calcifrms®] &= Ho| AFF Aboldl= Fo3 zolrt UYL (P>0.05), I
galbma®y N, oculatss GEOE FET AIFS4E FYT A7t AU
(P<0.05)(Table 13).

Table 13. Growth and daily increment of shell length (SL) with species of

microalgae of Merefriv /usoria larvae

Elapsed days (mean+SD, um) Daily
Microalgae increment
Isochrysi a . .
SOCWYSEE 1331425 153.1+54% 168.0+7.2% 1744+57° 1818+101°  12.2°
galbma
Cl g al c C
hacloceros 0 105 150.5461% 171.740.6° 183.148.7° 187.2¢84% 135"
calcitrans
Nannochlorss a a a a a
1331425 151.1+4.8° 163.0+7.5" 167.4+85" 173.1+10.4 10.0
oculata
Mixture 133.1£2.5 155.6+4.6° 171.1+7.9" 183.7+8.0° 193.1+11.4°  15.0°

Values in the same column having different alphabetical superscripts

indicate that they are significantly different (P<0.05).

o
ok

BEES A 494 I galime A3 TNA 497%% T8 AdIF4= #
Zpol & HFIL(P<0.05), 1 HY AP YEES 77.7~800%E H&

o
o
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< Heon, Ag7de F9% Aol7t JAATHP>0.05)(Table 14).

Table 14. Survival (%) of Meretriv lusoria larvae fed three different and mixed

microalgae
Elapsed days (meantSD)
Microalgae
Initial 1 2 3 4
Isochrysis galbma 100 97.0¢6.0° 78.0+18.0" 74.0+16.3" 49.7+9.3"

Chaetoceros calcitrans 100 100+0.0°  92.049.2° 85.3+14.5" 77.7+13.0°

Nannochloris oculata 100 91.0£7.6" 90.0+9.5" 87.3:89" 783%15.7"

Mixture 100 93.0£11.5" 88.0+9.8° 87.3:+11.1" 80.0+12.2°

Values in the same column having different alphabetical superscripts

indicate that they are significantly different (P<0.05).

6. JolAE TFF & FA9 A4} AES

Ho|AE FHFo o4& FA4Y 47 44 I3 250432/, 1,0004 2/
MA e Aol AbS 39 A 7242 154.2+11.8 ¢, 162.4+13.4 ¢m A7) 2 YERY
A Fe zbzt 72 m 9.9 meh. FFHF 3,0004 E /WA, 50004 E /70 A <}
70008 /A AAFoME ZFo] Zzt 1722+101 m, 172.8+10.0 rm,
171.1+10.1 mP e, A7+ Z+7F 132 ¢m, 13.4 pm, 12.8 /mSYth. A = o]
HES FF3A ¢& APFoes Zro] 1525483 m, A7HAAF o] 6.6 my
o B E FFFd wE A9 4% A% T3 3,0004 £ /71 A, 5,000
AZ/MA S 7,000M /A AE A= F93 Zol7h fA e (P>0.05), &
=& 2504 /WA, 50004 F /WA S} HolPES FHEA G AFTFS4=
oJgt atol 7t A ATHP<0.05) (Table 15).

BEES ALS 394 HolAdES FF8HA &2 AAFAAN 627%= 7+
gtom, 2 9 AYPTY WELL 378~482%F HAAFFoA &L o3t
2ol 7k ¢l A BH(P>0.05)(Table 16).

o

Hir
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Table 15. Growth and daily increment of shell length (SL) with different

amounts of microalgae of Meretriv /usoria larvae

Amounts of Elapsed days (mean=SD, (m) Daily
microalgae increment
(cells/ind.) Initial 1 2 3 of SL (/m)
250 132.7+5.9 143.5+8.1° 151.8410.9" 154.2+11.8° 7.0°
1,000 132.7+59 145.1+6.8 156.0+11.9" 162.4+13.4" 9.9
3,000 132.7+59 147.1+8.8® 165.3+8.8° 172.2+10.1° 13.2°
5,000 132.7£5.9 149.4+7.6° 162.9+11.4° 172.8+10.0° 13.4°
7,000 132.7£5.9 149.3+93" 161.2+10.6° 171.1+10.1° 12.8°
Not fed 132.745.9 145259 150.9+7.9"° 152.5+8.3" 6.6"

Values in the same column having different alphabetical superscripts

indicate that they are significantly different (P<0.05).

Table 16. Survival (%) with different amounts of microalgae of Merefriv

lysoria larvae

Amounts of Elapsed days (meantSD)

microalgae

(cells/ind.) Initial 1 2 3
250 100 71.3+16.0° 61.3+13.6" 48.2+12.4"
1,000 100 64.7+4.2" 50.7+14.7° 38.2+15.8"
3,000 100 61.3+7.6" 56.0£11.1° 45.3+16.2°
5,000 100 61.3+9.0° 48.0+8.7° 38.4+6.0"
7,000 100 54.0+8.7" 45.3+6.1° 37.8+8.9°
Not fed 100 73.3+5.0° 66.7+6.1° 62.7+6.6"

Values in the same column having different alphabetical superscripts

indicate that they are significantly different (P<0.05).

_65_



7. A4 7zl BE KA HAH AE

U7 AT F HoAES TET ASAHAA Y A4 9
&< Fig. 220] Y. A4 glo] Hold=S W Fud ddTolA 4%
o Ay AT FE A 494 ZF 1925+11.2 me] FF7) fFHoE AF
3tar, AL 149 m{Th 19 2 AP F= 9ol
HE TF T 498 2+ 197.3+18.3 m, & im, 29 H2 F 9o
AES TH33 AdFoMeE 44 2003417.2 mm, QA 114 m, 283 49
H2 & Yols FFI APFME ZHF 19984214 m, A7HAHF 101 mE
UEtEth A4 & HolAES I F 4dAd e AAF TN AT F4
o7 JAstGrt. @ HolAES TFFA ¥ AFFAANE AHS 8UA F
4 16549.6 m, M7 4.0 m= 247 165 m W o A o] A 8.

AEES HolWES MY T35 AAFoNA AHS 494 69.0%, 19 H24 &
Hol &S FF A ToA 43.6%, 29 H2 T HolPYES FFI AP
A 33.6%, 49 H2 F HolAEL FFF HATANA 126%, LI HoAE
S A FTFIFA FL AP TN 78%2 YEIY F2 7)7te] AEE HES
o] Yrolx= S K th(Fig. 23).

o
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Fig. 22. Growth and daily increment of shell length of Meretriv Jusoria larvae

by five different starvation.
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Survival (%)
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Fig. 23. Survival (%) of Meretriv lusoria larvae by five different starvation.
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r o
rlo

ZMFY JAFFRAYSA Slo] FFRA7IY A A= T8 &
T2, 9%, 25, A9 2E 2 HolAE Fo| Joy 1 FoA Fo] A
m, Fo] we} Ho|AE] HF o] depA

43S vt (Loosanoff, 1950; Walne, 1974).

Wt fAe Ao #I ATLEA Choi (1975)E & 23~28TolN 77
1095 me] DE S AbSste] 209 F 2+ 208.0 mm, A7HE7E 4.9 me] =
7] fAoE ARSI, HH(1941)S & 24~30TA 16~199 F Ao
180 /mz2 At AoH, 37 F AAMAYZo| S0ttty Bttt Choi and
Song (1974)2 2 27TelA 7] DFRFA 112 /m 2715 AHFste] 744 172
m, 209 & 232 mz AAse A 6.0 mE R P ik 4(1978)L
T2 265~282T A 7] DEFAAA 278 200 /mo] FA=7] FA7A 10¢
o] 288ty Hudtdt B dAFME £& 299+1.3ToAM ZHF 132.746.0
me] DAL AFFsle] 4d A o] 197.8+6.1 me 7] AR s,
A FL 163 mZ w9 w2 HFE HAT old AFY Aoje FAAS
Al ] ztele QlE AoR AGHAR F2& 1T Hx B A7)
© AFd Ao & AolE EYT. AEEL ALS 194 925%, 244 80.3%, 3
AR 491%, 49A 439% = 5 F ALS 3YA o B2 HAF dojy SpHA
oM Ar&#A WEe ~EH 2~ Toz Astd diFgir BT Aoz F
FET Mg FA7e]l Fe He s w22 AEEES FAF7 A

=
= bS8 wHs 4% HoNE FF 5o WHow BeE a4 2 A%
7

T BRI AASRA wE ga Zolrt 3o
b Al A7IAA HR7IbE °

200 m o] e] HAE wWruro 2 HFaAw ZHF 185 m o] A
Ho| £z WEEd X WEsb Fgon, AP G4 B AEF
T AAste oz Hop AFFRAYLE AT ArAVIE 4F 18

2 A7En.

o2
g

o

gt

me o
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el fA 717 Eeke] Ao e ZHar(SH)S] Aol el tisf A Choi
and Song (1974)% SH=1.0233SL—24.4643, Choi (1975)% SH=0.77SL+6.82,
Choi (1976)= SH=0.51SL+38.672 Ri3Q1, B Ao SH=1.0638SL—
35.81900.2 Y EFSLTHFig. 30). FAY oGS AE A AEit ofndA
de FAS AT B A7 S A8 HEAS ARES Choi and Song
(1974)9] 7Aoo 71&7)7F 1 ooz 714 fAstgeH, A9 93y
g7t 8o 779tk Choi (1976)7F A3 AR Fot A e WMo A
A2 71277 0512 Uey, AZse wel zhge] wE] zZtae] gFol
FEY FHAoH, AV A Fx, FE ¢ HAE Foabe Ao
2o 71&717F 0772 21 F3F FE Atk (Choi, 1975). ol oW ¢ A o
mel fF8e @A Aelrt vEd Ao® AZHEH, Choi (1976)9 A= B
Aok AR s olA AFE FAAFAE & Aol & HATH(Fig. 24).

dukH o g £ FAASZ glo] F23F adloly, Yo FdXe A%

=i & FAAe HAEe] SUtste BEe] JoerE, fFAAASA 4%
I AEES Fo|7] AA AL AAFE FE AL vW§ 238 Sagara
(1958b)= DEFA Y HE 753 22 12~31T, 49 F94H 58 139
g w HAYFLL 16~27C, 283 75T A 16417t 33.1ToA 1174 7t
HAst Aot Haustd ok Bk %(1978)2 24 120 /me] D FAH S o] &35l
497 Feo WE AEEN 4GS 2AG 29, 5 10~13TANE 4%
130 o] A AdFo] A o] 96X A H&F HASFA T 20~23T ol A= 244 7F
7HA Gt &FS st o 4843 & 2+ 130 mn, YEE 35%, 72A13 F
747 140 moll A A o] Hatstr] Al Zste 96*17&&11 A HAAetAo 25~27T
AME Aol Wt 96417t & Zh 180 mm, WEE 75%, AAF 15 mE A
ol 7} wskor}, 30~32ColAE 8AI7E, 35~37ColAe 3AI3t whel] A
HAatete] 9 BHHA8 AMS S 25~27C8a Hustgr B A
Axe= AT AL LT TS AT 28~33T, HHF22 33T
2 ey, 9 FAASY " disid dFEAzke 2ozt ATk
Sagara (1958b)= 33.1°TolA, E#l 4£(1978)L 20~23T S} 30~37TollM A<l
HAipsttha BustG o, & AgolA 33TelA HfAe A3 HEL] 7H

Al
rlo

[‘.‘E‘.

/

o

el

o]
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200

—— Choi and Song (1974) SH = 1.0233SL- 24.4643

- - - . Choi (1975) SH=0.77SL + 6.82 e
180 F — — Choi (1976) SH = 0.51SL + 38.67 s
— - - Presentstudy SH=1.0638SL - 35.8190 / .
—~ 160
£
3
e
s
k= 140
2
(]
< 120
[
<
0p]

100

80

60 1 1 1 1 1 1 1 1 1 1 1
100 120 140 160 180 200 220

Shell length ( zm)

Fig. 24. Comparison of relative growth rate between the shell length (SL) and
shell height (SH) of Meretriv /[ysoria from D-shaped Ilarvae to

metamorphosing stage by area.
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Fol & AolE HAT oA g wWito] AdtE At &
o7} AM, X AL = 5~6X 7o EE7} Ba(F, 2002),
b 79 Ha Aee 1977 3427, 19789 362T (A 5, 19792 A 243
HAo wE WEHGY Aolg 4G B AT AEL o F
3B3TAME FAAIEZZE Bt 98T E] TAHAAT, AEE] & o=
Hol A4d 4o AAFE AL JAse 59 o

o E3 36ToM s dFE] BAYHA APAT £ F2OE Qe {4
o Y& FFS v Ao AdHT

Mo
)
rl‘.‘l
1o
b

rlo
)

Lo 4(1978)8 £ 28T oA 2+ 132 me] W3 DAFAYS o] &3t 39
7H Ao e AEESY HAFS ARG A3, S "o A= 5A| 7 ke A7
HAE AL, 98 1110 AEE 4%, F74H 150 mE A F3Pa, 98

24,6914 50%, 180 mm, G 313014 25%, 170 /m, L] F& 4020 A& 9A]
b ool A HAS A AEe] FAY AFe] WA= e dsi= AF
130 m A715 AH&3EY 6¥UZ AMES AY, A® 108 A= 5UA FHdE A
Ast AL, A 255904 449A Fd A 180 mE I s A At
5 Ao Htztd 200 im L7 A o] AEHIAL, AEEL 60%AT LT
A HJE 436004 4dtel A HARste], FA e AE Ut dES 111~
316011, HAAEE 24608 AT B AfMes B FAYg AE ItF
AELS 10~40, GRS 258 Lo %(1978)y HHFGEF o] 4

2 AFEol EAY v e mE ARG 22 AEES B AL IA A
o a2y B A7 dE 10004 AEES 90.7% FE 4004 HEES
51.9%2 & ztolE Kol o] wWgh fALS dEA HE FAAH] A=
etttk B b2 A@Fore dAFE] BAH &L IFE 1A
W, A 107 1594 =2 AEES Bl B A7 dades AEE

F

250 AFEFRANC o] f49 UEE Bo] A% Ao AAHo]
B ARUES @A ooz BolAW fA0Y 2 FE 5 ]
SAG £49 osh Fo= AN Atk B AT 43 f4e A%
1 mLg 544 olshel WEeINE 543} 4 %} el o), 10749 207)

)

N
)
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AoXe ta ol =of 49 AFEEE 1 mLT 5744 olsrt 7bd &

# o] A,
2HFE HEEFIAES A3 AYstEz degFRAYN 3o HEEFA
E9 Fry} W F23 9 (Epifanio, 1979), ZNF2 Ho|ZE C caldtrms,

Pavlova Juthers I gﬂllmuﬂ} Zo] o] &% tH(Delaunay et al, 1992; Marty et
al, 1992). ¥ AFo|A ALt Ho|WELS C caleitrans, I galbma N. oculafn®)
o FE2EFY C calitrms®] 215 FE= AAAE AL Alxe EAE F
o 71 Zw7t da $F5AS glon, F=9 =7)E 54 umO] L HHRZFo|
&8le I galbma= A X0 % FHAHAAM 1 AR o] 5] e,
AAAN AEFeE= 98 g ZFE=9 AV E 50 molth H2FQ N
ocvlates DFOE &0l glon, Axe FA=e Av|e 2.7 mE S Ao
bk AE(1979)2 HolF Rl wWE FAY AFH} HEES LotE7] st &
£ 265~286TClA 7d3 ASAAS 89 C caloitrmsE X2 FHT A
AT C calecitrans® Monochrysis lutheris 41, M. lutheri2y C. calcifranss 4:1,
C calcitrms, M. lutheri Chlorella sp. & 4:4:1 V&2 Tt F55 AP
A A7) 190 mm o) Fe HFRV] He EHV] SR AAsfoH, YEES
6.3~182% % HusAth. B AFANXNe C calitrans 1 galbma N. oculatas
TYH &R e FFE AFFANA AS 494 AT 1931#114 m, C
calcitrmss HEOE FEI AP TN 27 1872484 me) HHY] FALE
AR Y, N awlatdis TFOE I AP FAAN= AS 49H
17314104 m=z 7ol 714 o] HolgA a&o] 7Mg @ F A+ 2%
AN C calcitranss G502 I8i o2 F5 £t FFsAS oW F49
gl b wmE AL dA A

wEol ¥Fetd Y FFoE AFd dF= VA
FEHAS GFAA BEEH 4F dFE A=
Z‘VEW} Hol = FeFes At AL FTast. & AFdXE C calitrms,
I galbmg N. ocvlatas EF3t] 358 W A9 dAFL o5 3,000~
70004 /AR A 12.8~13.2 m, 1,000 Z/AA A 9.9 m, 2504 /7] A of
A 72 mE YEY, FFE L000M /A ot Holwe B g
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A QA Asfaor A&aArt. FHTF 3,000 E/NA o FAE A<
A frefsk Aok flol(P>0.05), M A2 57A /mLef AFSEECA H
oJME FTHFHFL 3,000~7000HE/AAT 7HF AFE Ao eyt #H
HolPES FHA ¥ AP FodAe dAAEL 66 mz 7HF =UAT A

S FFY AT Ho =90 ol HoRAES ¥
g @:ﬁoﬂﬁ% Al Hols HHste HAFoEn WHdE ToE AT 2

l

e
[‘

ZAF U ATFRANA BE G wHolyRo] Pastel, AelA
= : 2% 39 w8

F A agEE @ ATdAE F4470 Q9 B F oA Hol4E
= S e

A% A%, 94717 A4 F He|4Ee FIFH duyH 4] A4 ?011

o,
=2
X,
i)
2
i
r o3
ol
)
o
f
of
ol
ol
=i
D)

o
o

o) F 73 165 N o]l FASE AOE eh} Mo YEL FHHA &

A GERORE 24 165 mA AAY & Ak AL &+ A9
g3 ol MREAY 2AA AFe FAME 2D e, 9E, AFUE,

Yo Y R FHY B4 F A4 447 4EL 5o #F £ A7
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A5 AA FZ} AE

A1d A A

2R BHAAE HolE HAsel 99 AJ2 YA ¥ He 3
A7) f402 Jgach AT QA w 2ARE F40] ¥ =2
s AR/AS Yol RS RANIE, MPFY 2AFE vee] ekl

2 Fo HAEE 1 Fo g9t JAVAE Jo] Folof gt W

A 2HFE JAFFTEAYMA £3] ZYE JF7EAE AHEsta &
U, AEE 3 meE s st 2edd AR el W A7t 2
satth dees AidE Ade Al AR F outgd LRFe7] AR
OJMELS FFEH AMSEor SRR B NHS FU7 RN BAYI}E

P

2 2N FY AEGH #e AFe F5Y Tresus keenae (f+, 2000),
A §(Lee et al, 2003), YEANFH Cobicula japonica (Kim, 2004) SolA o] F
ojfloy & *;OV‘*?-_ At g A7 Basith E A g
B3 A7E F=FY A XY FEUEE A (Holliday et al, 1991), Ho| ¥ &
o & *é’S*(Laing and Millican, 1986), =7t Zt&A|zte] wE A%
(Spencer et al, 1978) Fo| Aow, FrtejHl o] HolAE T/ W& A% (Kim,
1994), HUI§e &3 JE BE HEE(Lee et al, 2003)F APANE 2
A3 9] J7%(Lee et al, 2002), sfRt7te}n] 27]X| & 44(Oh et al, 2003) &
o] Stk W3l AFHAtFel] #F AFE= IFX Y ARF(LH F, 1978;
1979), 23 G W& X A (Numuguchi and Tanaka, 1987)°] 9o
H, A= A Ao B A7 s Aol

B dAFeAs JF7] 49 AR PR e XY AT A& 17
i A FL, GE R HolAE TR wWE A AEES 2AF BH6

AT

=
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A24d A5 L Wy

1 ALY g2 Ao AFH Y&

A7) F49 A=A ARGHS dtetr] sk 200249 79 28U HE 11€
4A7HA A Befedos, e, dstrldaa, JH714 Qlo] FRP +%
Hiete] A E $ 10997 4T AEES ZAEIAT Aol AHEE {2 A
& 49 A 7 189.0+6.3 me] H 7] FA o] k.

AW 2o e Fx2utgd plastic cases A&t 20 em 0] ¢
TE R F R FHE 7] ffs] 500 mo] EEItolAE AA St

Aol AP 06 mme ZHE 5 em FAZ X F FVNEM AEFE

R e g E F2utgd 3 amE FARE ¥olFE U
o, Astrld - Wl M= 38x30 em =78 HAE holdero] 1575 7]
T gt FxHd FHEHA T 4805 2T o2 BT

A7) FAL Az FRPG%(2.5x1.5x1.0 m)o] 500,0007) A & F&38te] F&
20~30Tel A AbgetAdaL, Alsae AAFE AREsAH. Hold=e C
calcitrans, I galbmag Monochrysis sp., Phaeodactylum  fricornutum T. fetratheles
T F2 95 Fasen, AAHd wet sEEFE SUAA WME A
17 A3 240x10°~1,200x10° A £& 3~43] Yo FFa4

2. 523 4 g & A 47} A&

T G wE A AGH YEES Hotetr] 9fske 2002d 9€ 2
AHE 109 2¢971A 3097 AASARE AASAT FeE ALS APdAE
F£& 25T, 30T, 35CE TEL G2 3002 nPsPon, d&8d AS
Ao e dE 20, 30, 4002 FEII 5L 30CoE 1A FUL A
of g8 A I F 369 © ZH 1.64:0.12 mme Z7E 1 L beakerd]
10070 A =83t AMgetAT. HolWNES C calitrans, Chlorella e//zpsotdm
galbmss Estel A AT WY 150x10°~250x 10" XS 23] o] F
TFatHom, AAsge 29 vt AF S A

rr
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3. ol 48 FH ne A9 g A=

HolWE FTFol WE X ASFHFNMNE C calitrans C. elljpsoideq I
galbmas D502 FEsh AT} 35S St FES A¥F aga 9
o] FFA F2 HAIATE A GG HEES AT A HAS

o

o

T =
FeL 30T, 9% 3002 uAFHL, 1 ¥ AL S B AAAS
A

4. A A
7 A3 A9 25y dojd RE

B\
o,
L
il
r{o

BALEFAZ}SD)E EATFAT
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As3d 4 3%

1 ARl BE Ao 4F AE

HAA A& AP TN 44 4714160 mm, LG 415 mz FF
wgrow, R AYFol 7 3.87+1.31 mm, Y747 33.8 mm, FRP H}
932 Ao 4 338+1.07 mm, YA 293 m FEuld e HF
A7 AT A 24 2.47+0.95 mm, D7 209 o] ATk

AEEE devdade] JFAZ AP TN 839%=2 7HF =%, B
2 AP T4 593%, FRP vteE3% AT A 36.6% 18] AW R
o3} A g ol A 29.6% A THTable 17).

Table 17. Growth of shell length (SL) and survival (%) with kind of substrate
of Meretriv /usoria spats from July 28 to November 14, 2002

Growth of SL Daily
Survi
Kind of substrate (mean+SD, mm) increment of u;;z)v al
Initial Final SL (/m)
Sand botom 0189:0.006  4.71+1.60 45 296
circulation filter
Sand bottom 0.189+0.006 3.87+1.31 33.8 59.3
Poly ethylene plate 0.189+0.006 2.47+0.95 209 83.9
FRP bottom 0.189+0.006 3.38+1.07 29.3 36.6

2. 2 did B2 X9 JFHY AE

F2d X9 AFe 2 30CAH 44 2.66+0.39 mm, €A 34.0 m=
7V wgrom 1 e 35TAA A 246056 mm, YA HF 273 mm, 25T
ol Z+ 2444041 mm, 7 F 267 m s=olQlch GEH AFES AGE 309
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A 2662039 mm, A 340 mmE M wE AFS HY, 1 oS
& 97 20, 4050 At
AEEL BE A TX 99.0% o]0 & =gtk (Table 18).

Table 18. Growth of shell length (SL) and survival (%) with water

temperature and salinity of Merefriv /usoria spats for 30 days

Growth of SL

Daily .
s (mean=SD, mm) . Survival
Conditions increment of (%)
0
Initial Final SL (/m)
25 1.64+0.12 2.44+0.41 26.7 100
Water
temp erature 30 1.64+0.12 2.66+0.39 34.0 99.5
(C)
35 1.64+0.12 2.46%0.56 27.3 99.5
20 1.64£0.12 2.60£0.44 32.0 100
Salinity 30 1.64+0.12 2.66+0.39 34.0 99.5
40 1.64£0.12 2.45+0.50 27.0 99.0

3. Yol AE FTHd 42 A A} AL
Ho|WE FHol wE XY HYFL C cakitrans C elpsoides 1 galbmas
Edste FF3 AP TN 44 2.66+039 mm, A7HAEF 340 mE 74F W
I galbma) X 247 2.60+0.34
mm, Y737 320 m=E ggo] wgor} HolHES THESA 4 AFF
Me 7ol o] FolAA &3k
A

AEEL ZE AFFoNA 99.0% o] =2 AEES EHAH(Table 19).
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Table 19. Growth of shell length (SL) and survival (%) with species of

microalgae of Merefriv /usoria spats for 30 days

Growth of SL

Daily Survival
Microalgae (mean+SD, mm) increment of (%)
Initial Final SL (tm) °
Lsachrysis galbma 1.64£0.12 2.60+0.34 32.0 100
Chaeloceras calcitrams 1.64£0.12 2.30+0.29 22.0 100
(Worelja elljpsoiden 1.64%0.12 2.28+0.37 21.3 100
Mixture 1.64+0.12 2.66+0.39 34.0 99.5
Not fed 1.64+0.12 1.64+0.10 0 99.0
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A 44

R 2AFE JAEAY) fAez AFsd wgoez IARsd AR
et 4d Loz Fedstn, 2AFY Fol wmEk Mt AAY Ao b=
B2 AFFTRAMA YT F e 7189 Hdeo] Fas

FAY AR 1F7) A 4Fe AW B, 23], FRP
et E, dguid e o7 Aol wEA yegton, dntxoz
E AAVNAR AET A AP0l mE Ao gyt IYPYY 2AFES
Hpekel] Qg AElelA P AR Hel HFH FF S o, FY71Eo 9s A
- Hol JdFHo] ogo] A Lo =EHo AFHA FFE T F glom
2 AQAe] ZofAE Ao FEEY AEEL dshuidda JAF B
A =3, 2 ggoge P, FRP At9EF a8n AW RHedold

=

colth M e JAVA Qlo] wgel HFHATE AP So] FRoE B
oAl = HFz7)d YAFE0 ‘§6‘} dFH AL dojd Thsdol T
dAsiuidatd JHHHY AL, AF7) S0 AFE F JE IS €W =
o2 AETES w9 F AT webd WY JH Ao AT eENE
2% 1 mm7tA = d3Hd g o] &ste] JFHA F AW B

WA o2 AbgsteE Aol F& AR dddn

b3 %1978)e AdFedA AW Rygesodn wHow Z+d 017106
mm9] HZ7] F4 450,000/ A5 105¥€7F AFSEle 74 35412 mm =79
AW E AR on, &L 435%Ath E & APANA 24 019405 mm
of A7) FA 407000745 11997 AHSstY 2 37405 mm, HEE
478% % Hiagth & AFIAE AAFLdA AW Rfsdold o
10997 AbSete] b 4714160 mm, AEE 29.6%2 F7FS L 5(1978)Y
A¥ Ho wgoy AEES Uit ol B AT fAo] AF¥xT| oiF
HAfeto] AE7h dolo g die] wyd Row FH

AWAEA] F, G, HolAEY THIF AHY HF dFE vAH, A
HellAd me AZS fAside ogd =ds FHI= e Fas
Numaguchi and Tanaka (1987)= 744 1~2 mm =79 93 A& ALE-3lH
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T diEd mE s AR A, A9 e 27-37C, A9ES
193~3229 AL= B & A7olA 164012 mm A7]9] Ao 43
S F& 30T, 9% 3094 M mE Ao 2 Yely Numaguchi and Tanaka
(1987)9] 23 {9 el AT Held= T/ e AFL Held=s @5
o2 Ius A ®Buh C calcitrans C. elljpsoideq I galbmss L3 HIEE &
Fata FFSE Aol Mg BAHIA
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A24d A5 L Wy

1. A3 EA

HF Jd3TEAL Ao A olvle H=7] - AET AL dAE
etz gllen, 2001 7€ 189 HE HAAA JIEH Az duirhel A A
A¥ Z2+4 658484 mm, Zt3L 545+72 mm, ZtZ 330439 mm, FF 73.1+28.7
g9 o7 1007/ A At oArle AALEHS HAS] Yt AY FA F2 18~
20CT2 249 AUgFd 851 2197 AASFE EHFUA HolAE=R
© C calcitrans, 1 galbmag Monochrysis sp.,, T. fetratheleS T334 A4 1 mL
F 10x10'~20x10* M £ 7} FAHA ALe) A FFet B sArth

A&e 84 8Y 37=Ed F4s AT WHS BIdsto A A
7|2+ 50 L A ol a2 dFxE AHEetA o, sl bag filterst FERE o
H7NE AbEste] 1 m7kA] 3§ & Ao A A st Abgst . A
< W&ol fEE Tty 308 F WEAV|ZE 20 mel EYTLIARE FA
sto] o3} A E Aed AdsE 33 A#stdc. AdE FHRL AEE 5
F7F A 100 L E2Y Fxo] 8% F F wwksto] micro pipette =
1 mLE #H3 % cell counter chamberE AFE3S] A3 & AR FAHHY
AE EHHORE At AT
FATE ARE gFt AL F44 1 m’Y Az FRPFZRO] $4&
AAZAT olu F&o 27TE ZHFHPOY, TV WATA FHFIFA
TS A F 9 4ATe] ARG F FE A7 40 mel E2UbobA R D
FRAoz HHE AA NAE AT s FHDHE FLF WHOE AFe

of DR A7) TAYES EASAT

ot
o

e

ol

2. dF FAAS

g FAASEES 2001 89 9URE 13U7HA 4U7 AA ST o FAL
Foll AH8-3 DEFA 89 8Y ATE ZH 1314426 m ZHil 102.6%3.1
=719 DA 320,000/ A F 270,000/ A E 1 m’e] A}z FRP $:%0] 483}
of AMFSEATH F2& 268+08T, @ES BHFE FUbeto 252 A A



DEFAY FE8EYEE 0271 /mLA o, ASFe 1 m7tA g F ze
Aoz ddAgste] AbEstglen, A4S 7ItEd S5e A it o
OINEL [ gabmss %7] DIFANA wid 14T 50008 EE FH3}AL
, Aol st met FEFS FUHAA A 44A 7000 EE @
T 104 232 Yo FFAH

A9 AAe A4 s H5EY7|(Nikon V-12)5 o] &38te] 1 m7tA]
=48 9a, AEES AFFEFEAA 50 mLY 53 HES FEANE SHYHL
Z AR F A4 fA9 AEEE s

"

3. AV} A AL
A E e st AMgE AL 20019 8Y 8Y A TEY 4UzE ALS
& 24 190.247.5 gm, Zt3l 165452 m A7]¢] A7) FA AU o] E A
130,0007) 4 = 8€¥ 13¥ FRP $%(2.5x15x0.35 m)o] F&3dto] A =L 3ho]
oz 129 597HA 11497 AHSetdaA Adsdn. ojn HoldES
C calcitrans, I galbma®t Monochrysis sp. & T502 52 T9ste 37t A
et wet FFEFS ZA AMSSE 1 mLE 6x10°~30x10° 0 25 Y 1~3
3 Yol FFIAL AAEFE 27 4% 1 mmZAE 5Y0 1ﬁ A &
g geote] o) W 13 AF st
Atk AAS71EE WY 1040 FF 9ES ST, &S 285£23T,
HE 2894240900, & HELESHE 7H3t At
Aol e Ve AR 4uE BHEF Y97 (Nikon V-12)E o] &34
AstAa, T7]d= vernier caliperZ 0.1 mm7tA A3 A&
Zo A 75x75 em W AAFE 83 ARSI AA MAFZ FA
dor, 49 FEAE AAE FA3Y A

4. SAAE

7t A AFHERY dold BE SAFRES BLITRETHASD)E EA A

_85_



As3d 4 3%

1. Ad 4

7
FAAFE FL 27T, 98 3004 =4 178 T FAV} FEFHAY. o] F

HEdo o3 ddo] A 24X, 44X, SAE H 164 E7A 28 HE
A 7Ve 7}z 1A 7 1A1ZE 258, 1A17F 508, 2A17F 258 0|9tk AR %

=
17hA1& 5A12F 208, F&A717hA 11413F 104, WRke] o

F

o AZete
getal s o] A= veliger7]E AA DEFAYA o]2= A7HE 17A13F 40
Holdth. FATAA 27 DEFACZ B AL ZF =7) 131.4+2.6 me

320,0007f A 24 LA E-L 6.1% A thH(Table 20).

Table 20. Spawning and D-shaped larval development of Meretriv /usoria

No. of D-shaped larva

No. of Stimulation spawned Egg size
adult  method eggs (meantSD, (M) Number  Shell length  Hatching
(x10%) (x10)  (mean=SD, () (%)

100 EA+ET 522 82.3+2.7 32 131.4+2.6 6.1

EA: exposure to air, ET: elevation of temperature.

2. dF FAAS

Z+A; 131.4+2.6 tm Z7]9 DEFA 270,000 A& 1 m’ A+ZE FRP <z <
ot 493t A AR, BRSPS 1A 4 155.9+44 m 29 A
1709+7.4 (m, 3L 180.8+6.7 m, 1E 3l A 4LA o] 190.2+7.5 me] X Z7]
FACE st A44Y 8T 194 245 m, 295 150 mm, 3LA
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9.9 m, 123 4dA 94 mE AbF 7)o o] wgtow AlgAFTE 2
oldFE Aol =# A

AELEL S 197 81.5%, 244 66.7% 2 DIFA X7 FHAIE o] E9ko
o, AMS 49 A o] 130,000 7f A 7 AES] AEEL 48.1% H HH(Table 21).

Table 21. Growth of shell length and survival (%) of Meretriv /usoria larvae

Elapsed days Shell length Daily increment of Surovival
(mean+SD, (m) shell length (/m) (%)
0 131.4+2.6 - 100
1 155.9+4.4 245 81.5
2 170.9+7.4 15.0 06.7
3 180.8+6.7 9.9 55.6
4 190.2+7.5 9.4 48.1

3. AR} AP AS

2001 8¢ 13¥ 24 0.2+0.01 mme 7] §4 1300007045 = AW
T8 Fxd F8E3Y AMSS A, AN 46 A0 2+ 31408 mm, 67Y
A 51+12 mm, 87¥ 4 6.611.8 mm, 181 A% 114U Ao 105509 mm=E A
st A&7 FAREH 24 10 mm7bA] A9 ZHg(SL)ol o e 231 (SH)
o] AU A-S SH=0.8524SL+0.0227 (R°=0.9984)¢] HAM3AA oz HHHAUL
(Fig. 25).

AEELS 27 AF AFA 24 31 mm o|stol A tFHAL ooy,
S 4697 53.8%, 674 49.2%, 87UA 43.6%, L3 1144 A< 129 5L
51,00074 A 7} W Este] AHEE LS 39.2% A THTable 22).

_87_



12

SH =0.8524SL + 0.0227 2
R?=0.9984 *

Shell height (mm)
(o))

0 1 1 1 1 1 1
0 2 4 6 8 10 12 14

Shell length (mm)

Fig. 25. Relative growth of shell length (SL) and shell height (SH) of Meretriv

lusoria sp ats.
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Table 22. Growth of shell length and survival (%) of Meretfriv /usoria spats

Elapsed days (mse};li Sl]ejlfglilm) Number of spat Su:;)i)v al

0 0.2+0.01 130,000 100
36 24+04 - -

46 3.140.8 70,000 53.8
57 41+1.2 - -

67 5.1+1.2 64,000 49.2
77 5.6£1.3 - -

87 6.611.8 56,700 43.6
98 9.1£1.0 53,000 40.8
114 10.5+0.9 51,000 39.2
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= ZAF FoAA HEF AFFTHAN Vs AEdE FF& HIEE Y
02 FA9 FoE, BN AT FE, YA, AFEA, Mustu, AN
234 2R W2, B, MR 2AFA A, Az, By
@ 22, EAR Folth WL MRAY 2AFEA AddA B4
FRE FE3F FAAGoY, A2 ARF AHAYoR A3 AAFHY B

1
8ol AA HFHL e APl
B AT Mo AFFRANS oA HAG Ao AASAFAAM GG
02+001 mm =719 AZ7] FAL ASate] ALS 4694 24 3.1+0.8 mm,
AEE 538%, 6794 ZF 51+12 mm, HEE 492%, 87YA 2 6.6+1.8
mm, J=E& 43.6% 183 11494 2% 10509 mmE AZsFgon, Y&=&
& 392% AT ik 4 (1978)2 2.0x1.0x05 m FFojA B AT o AW w2
sdoy oz ZHF 019405 mm Z7]9 HZF7] FA 450,0007 A S A}
g3t 2294 7+ 0.64+0.6 mm, BEE 703%, 5084 7+ 1.30+0.2 mm, A
Z8 667% 8894 2t 3.62£0.6 mm, YEE 56.7%, 11994 2z 3.70+0.5
mm, FEE 478% % RSttt & A5 AAee= Ao Slo] AolE AL
H, ol A% F23 dxe zolQl Ao pEHT B AFgME 7t
o3 =L FLoM AMFEH oY, Lok £(1978)L AAFE AMS S 1L
Zlel= X&) o] msor}, Fo] 20T o8tz HolAe 108 FEFEHe

P

A AAol ANy RudPy. aEly ASYEE AFy) S J)Fo
Z AL o, L $01978)2 22570 A /em’ ¥, B AT AE 3570 A /em’
29 EEE RS AR ARl wsgd ol AoE #ddAT. AEE A
o Lk %(1978)2 HF F 20¥0] 2+ 0.64 mm ©]3tel M 29.7%7F HAEl AL,
B AFME AS 468 A 4 3.1 mm7bA 46.2%7F H AN A F X 7))

i AA dojydes Ae & 5 Al
b3 21978; 1979)8 XY =)o) wE A} EHoF =7 500
AFoll A Ao AHAZE] A Zolzt Ak, 4 1.0 mmo]do] HH FjZto]
FRs A A FHEHol Jbestal, A4 20 mmyt HYE RGO E
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g9 Fejol AAAAH, 244 4 mmolA A7) FY7 G AGT B
dtd, ® ATNAE 449 A7l G2 95A Fue] 5Ho] A U
gt

2o ATAE AR AFdA ¥ ARE dF AFERAL A8
of AAATE AABAAA A FGo) ) AP BAGOEA NG AF

TEAL 7S MEE 5 A
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2AF FH RS o/ ARAE SHHoE FA 4 AR §
B¢ TR FIHA Fusk Fasth 2AF FAAA FANE AANA
Y FHE Fustel FAo ol gste Fou}, Aol AXBA 29,
Hog A% AANRFY & FFol ME FFF oo T4 A, ol
S Wy Foz Ad AddA FRE FPHoL Fuss] o 4ol

o mEbA FHol 5 FRe dAFE dTFERE TTE ot 3l
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o #7ads Hol4E 59 AREAL WAE Aol Fas
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MFe 2a7E FA4s=s YHOZE GSI ZAHKawamata, 1983), A4 4
o] 22532 #Z(Chang and Lee, 1982; Lee et al, 1997)% & ZAHZH W
Wi BEgFHe 23 ZAHKim et al, 1985; Yoo et al, 1988)1} HIWFE= 9} &
< H ZAHHamamoto and Oobayashi, 1985)°] <3t +H 2 F74 wWwo] lth
B dFoAe €8 Hutee §5H9 Wald o5 Aur|E HHFHoRE FA
SFlaL, Ao HEEAE ZAGHOE AFete] dae] G 99 W
sto gehg Wt YA F7E doplth
FATAAN 4G 1 em9 AR E 7] A= o Lol A8 8T, 2
A% olm & AREste] 79 stedd QJAFFEE AT A 11€ s 4F 1

eme FR/L AUSE, Wge] FAA Astd ¢ 19 Hed FeL
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103T(94~11.0T)& FLo] 27 Wi F2Fd WF7l= oH g0l
oomEbd Al o E #Este] Ad ey BRo d9A FRAMNS T
T UAEE ofn #HI|HY AL o] FolAok & Fojth

AEL Ao wet Fea R S od WA Fo] YolAe Ao ¥
HEA otk Wgte] A9 AT LA BATLE Fe B AdFdAME 20~30T
%3, Sagara (1958b) 19~31TE Husgoen, 42 HE 7t L& B
AT M E 18~36T 2, Sagara (1958b)= 12~31TCE Haste] Ao H
AEA A B FAGA NN A&7 &2 2 A7 "t dEeAE
TS DA YT AR E AFolA 20.0~37.5%3L, Sagara (1958b)=
19.3~365% Histgon, A4 AE7ts G & dToA 10~40% o,
bk %5(1978)2 11.1~31.62 Hudle A RT A AZE/S G 9
7F \ A

ZNF AFTEAIA FAA G A TE] HAH tFH A o
U A AR At olH PR B ATl FAASA & 18T} 33T
Me F2 23~28T HdMee 28 A4 FEo FAH A EAY =
2 FEAdXNE E2 AEES RYo=ZH dAFEY 494 247 A= A

AE 10~159M = dAFEo] THHA dol FAAS
o

A2 st AYFEY FHAGAR A
A FRAME & 5 e AoE AddEny
ZAFE AR met A2 7} A ¥ (5, 1968), & 3]

7 54< et 35t (Kim, 1976). )
S Meretriv lusorie® TN Meretriv petechialisd) ¥ ZtEo] Fa 3zt %
Aol HAgeln, % S wjde AARE] BEH o] FHFHoR
TEH W Min, 2005), B TR oJHoha slEsta okl 1991). Kim et
al. Q04 FAALE o &F ATEFAN WFH BuFe FIF 24

o
Zeta Bastgnh Ag7A @ae] Wi Ay Bt o mavt s
Woda e g Rie gl w}aw = Asf - dajeke] of F Fol st
of RO AR e AT £FHIF 2T ez #vddg

ARFEGNLAG0] SR B2A WEe] FrRAGA W BF A
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A8F K o

B ATTEAN Ve ety fske] 2000EFE 2003 7HA d——‘% &l
AN A Axe shutthe] MAshe s ddoR ofne] AH, &7
dore g AT, ATTHANE AT A, £ Y, KA, A
WA B AFTRAL Fol #ato] A 43T

1014(3€)~0.1520(6
A st on, 9 SFHY W H
AL BT dAY GRAEY A7E 6~8Yd 40 m o]4o] 58.0~66.3%
g AAs G 4R AETH HAFS A4 412 mmE FHEHAG G5
AHE 1 : 0972 ZAHASY FYA A= Zol7t /1™ (P>0.05), A& ©
A2 #H A H“%H AAF7E HEFAY 9~119, 4547 11~4€
447) 12~59, 4=7] 5~74, A&7 6~99(H 7] 7~9€9)E YE AR
T A= %Jrfﬂasit}.

ojw & A&y T ELS AFEHe we = Aolrt giley, 79 st
ANEste Aol 7MF a8 Ho|AY. HodHE L 823~86.1 mz FE|H AT
T AIHA BE DIFAY FHEH FYES AL - AA
THe #4483 T4 E0] F47

Ao Y WAL 25~27CHeH, 33CAME FAHo=w
A E R okt FABAAN DIFAZA HA AQAITHe 20TAA 374
15%, 25T ol A 20417 508, 30T oA 154 2F 2080l Atk 7] Ao glo]
o] AAete HESEY dre HT 124TE Yest £380] DIFHYC
2 R4 JtsS @82 200~375 AAHFELS 275~325 HHAEL 2590



FRAHY FEEUEES AFSES 1 mL7 4070 o]tel A HA Eo] ESkt

A9 A7 AE

FATNA THE DIFAHY AV|E 4 132.7£6.0 m, Z-al 104.044.7 mS
o 233 8 299T, G 258004 A 49A o 24 197.8+6.1 /m, D 7HA
& 163 me] 7] FACE AgstAoH, YEELS 439% A DI A FH
AZ7] §ARA AL wE Za(SH)Y AAA4S SH=1.0638SL—
358190 (R*=0.9651)°1%th. FA9 HAE 2AL £ 28~33T(HFF2 337),
AR 20~35(HFEE 25), ASEE 5A/mL o3, HolWES Lochrysis
galbma, Chaefoceros calcifrans, Nemnochlorss oculatss E38td D FA) 171A 2
3,000~5000"M & Fw3ate 3o 7k EFH ot A7 A4 & oA
T A HEH 44 Ao HTZHF 1925 um o]

ES TR A HoldES ¥
o #57) F4o= JIsArh

4. Ao AFH AE

HAF7) e AW Rfedodd JPTHAAN A 4714160 mm=E 7HE
g7ol wstom, Agtuldudo] AT WHAA 839%E M AEEC] =
ATk A A ASFERALS £ 30T, 9F8 3094 Ho|AE  Chaetoceros
calcitrans, Chlorella elljpsoides Isoclrysis galbmas g3t Fg33t= Aol 4%
o] 7} wgtom, HEES 9% o]t

5 dF AT FTEALN

2001 8¢ 8YFH 129 5UZMA WF JATFHALMS AASAH. A4
65.8+8.4 mmo| ojv] 100/AZHE F7=&d F245AT YHOE AT
Hom, FAGANA DIFAZAA B 2QATE F& 27ToA 1747 40+,
HAEL 61% DIFFAE 2 1314226 mATH D
24 1902275 me] HF7) fFAH0Z AAeHIL, HEES 481% ATk o] F A
271 A 130,000 AAE AW Rl PHOE JHAAA AMSIAOH,
4694 HFZ4 3108 mm, 8794 6.6+1.8 mm, 12 114 A 10.5+0.9
mm=z JgstAch A= ZAFSL)e e ZAa(SH)S A FA S SH=
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0.8524SL+0.0227 (R’=0.9984)= el 27] FAFX A 24 3.1 mm ©] 5}
A WFHA dojon, MESELS ALS 469 A 53.8%, 87UA 43.6%, 1L
1144 Aol 51,00070 A 7} A&t YEE 392%E YEFR .
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