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ABSTRACT

Larval development of the Manila clam Ruditapes philippinarum reared in an indoor tank system was examined in this
study using light microscope and scanning electron microscope. To induce spawning and subsequent larval
development, clams were collected from the intertidal zone at Gim-nyeong harbor in Jeju Island in August 2011. After
2 days of rearing in the tank, all Manila clams spawned in the midnight. Non-feeding trochophore larvae appeared
Thrsafter fertilization and the first D-shape larvae could be observed at 19 hrs. Twenty one days after fertilization the
pediveliger larvae crawling on the bottom of the tank with well-developed foot were observed. Histology indicated that
all the clams used in this study were in the ripe stage prior to spawning and the gonad-somatic index (GSl), a ratio of
the egg mass to the tissue weight, of the ripe female measured by ELISA was 28.6%.The GSI of female clam declined
to 17.3% after the massive spawning in the tank, suggesting that Manila clam discharged 40% of the total eggs during
the first spawning event. In conclusion, spawning and subsequent larval development of Manila clam was successfully
carried out in this study using an indoor tank system, and the information obtained in the present study could be useful
in future Manila clam hatchery development.
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(Kang et al., 2000, 2010).
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1. A5 A3

Age] o] &= vk 2} 88-39.8 mm=7]<] 50714
2, 20114 8¢ 14 AlFA| A FelA A= (Fig.
1), T2 22 21.5C3h ARE v AdAE &4
A Akt A7pA] AW Azl A=Ak F 50704 o vt
A F, Qo= AEs 1070 Atk A A= 9 A A

= ¥4 olgHgih

2. 27 %A 33

A3 W Akt Ao qlez AP 10 A9} Akt
3, A vl 18 AAE dide® AN 24 AR
= AR A2 23HE R E A 22]9] F4E 3 mm 7
Zek3t 5§, Davison’s solutional] 48A17F 243} c} 1
7ol ¢Ex AEe odekE 25 S A veper 2
shale}. 2 & 24 Ame vlo]225S o838l 6 um F
AZ A2 F & g3 A4S AA Harris’s hematoxylin
3} Eosin YZ @Astgich Fatdn|7stel A npAlg a4
Wk ¢hAl= Drummond et al., (2006) 2] 9ol we} 25
3Gk A A4 o] 8H viAEE e s HiRtE A
7 (Condition Index, CI) & AHE3}3lon], wikzs npA|
2 5 T @ A2 A S vEE A4kl

ku

3. A FSA

wix|ge] Akt A, ¥ WHAEF (reproductive effort) &
Park et al., (2004) o] 7Lt npA| o izt b2 Z3A
9 g4 (Enzyme-Linked Immunosorbent Assay,
ELISA) & ol&st] EAsgich. A% 42 Akt o4
w22 10 A F, R S 5 AL A 3 A
18714 5 A8 o) 2fsfo] Abgto] Eel = ¢ 7 A
AE Aoz AAsiglt. F27x8e A3k 20 mgd
npAer 2243} e FelEl v o REEAS iEd
o (0.15 M NaCl, pH 7.3, Phosphate-Buffered Saline,
PBS) o £33l 253} Fa7]2 ¢AsE Al7]aL 4TolA
AAEsick AalEe = v 24 e 4,000-
5,000"1 % 3]43}glowm, Zb7ke] A5l 100 uLE 96 well
microplate®] 24417k wioFste] FAE Fulspgich o,
Park et al., (2004) o] 7iet np|2t ool djgt o2& A
S 12 A, 12 Ao o3t alkaline phosphate-
conjugated goat anti-rabbit IgGE 22} A2 Al-&3}4]
HRSAIZTE 2 &, 23) Aol ohgh HA Aoks A7) gk H
FAFA w3 AAE FHEE o] L3te] A3k 4 AR
of ®3tel wixe o il <k AR ¥ v
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Fig. 2. Photomicrograph of male and female gonads. A, ripe testes, SZ, Spermatozoa. B, testes in spawning, RS,
Relict Spermatozoa. C, ripe ovary, MO, Mature Oocyte, N, Nuclear. D, ovary in spawning, RO, Residual

Oocyte, LM, Lumen.

npA|e} oF ehilAlo] npx|et otol] ApA|sh= WS (40 %) & FF
ol A= & whilA okof| 2445 F3ke, 7 JAol] Eg=
gt ko] <kE FASGIY HEAHoE AL AS
(Gonad Somatic Index, GSI) &= ELISAE %3} &A%
WAl (] F F2) o] AA 249 Sl AA|F= v
£ (egg mass/total tissue dry weight) 2 Z33}gc} =
g 7} A o] 235 (fecundity) & ELISAY] ©J3te] $4%
wi|g ko] TS v WA 55 (22 ng, Park et al.,
2004) o7 o] FA33Ac)

4. AR5

npAEke] A e 4% 40 LYAFF2E o8t A
ARGt AkgE f-54] 22 24°C, 9 33.4 psus A5}
gor, e 5, 3, 1 ume AFHZEE ST S A
spgieh. wpAlEk: HEe) A5 glo] A 12410l 7E
12:00417 Aredsiic), Aleke 2447t Eek A|&E|glon 4

Aeto] AR A U5 E F7] (aeration) 3}tk 2447 F
ArE vl uiAlE 187418 Adste] Akt 3 WA S
el 317] el 222} WA SA Aok

5. A 9 FAAS

O odAs A dg g S WEslr] Sfs

200 L] 98 <¢x0) 10.3 larvae/mLS]
b frABkATh AR Ee 2 247 £ 1.5°C,
32.7 + 1.1 psu, &4k 6.4 * 0.3 mg/Lo] HYE Yehyl
O At 220nth A% Resislon, B Ank £
2] 27)& AEE}7] (PJ-200, Olympus) = ©]g3le] =
spgleh vhAlEr fA e Bl DAY o] dEE i
A 2477 358 AT HolAELS g Al R[>
3 (KMMCC) ©ld #<9F w2 [sochrysisgalbana
(KMMCC-12), Chaetoceroscalcitrans (KMMCC-604),
Tetraselmissuecica (KMMCC-111) & conwy®] x| & o]-&3}
of Hd 20 Ltz A widsigler, Helm et al,
(2004) ©] AAE A 270l w2 HolgFxel wel 74
T 27)5 ALtste] 2447 T2t HolFgERHEE o]8-38te

K
o
°
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Table 1. Biometric, Cl (Condition Index), GSI (Gonad Somatic Index) and PF (Potential Fecundity) of Ruditapes philippinarum.
SL, Shell Length, TWWT, Tissue Wet Weight, TDWT, Tissue Dry Weight

Period Sex SL (mm) TWWT (g) TDWT (g) CI GSI (%) PF
Before spawning Female 42.2 3.9381 0.6961 0.4 26.7 8,441,900
36.0 2.9361 0.5384 0.5 17.4 4,270,107
37.5 3.8643 0.7252 0.5 25.7 8,476,274
37.3 4.0230 0.8189 0.6 25.6 9,526,660
44.9 6.7677 1.2866 0.7 47.7 27,910,777
Mean + SD 39.6 = 3.6 4.3058 + 1.4 0.8130 + 0.3 0.5 + 0.1 28.6 + 10.6 11,725,162 + 8,739,691
Male 38.7 4.5586 0.8212 0.6
40.4 5.6948 1.1082 0.6
43.3 6.3664 1.2157 0.5
38.7 3.7378 0.7012 0.6
39.0 4.4612 0.8163 0.6
Mean + SD 40.0 = 1.9 4.9638 = 1.0 0.9325 £ 0.2 0.6 + 0.0
After spawning Female 29.8 1.1665 0.2256 0.4 15.1 1,551,014
35.0 1.8454 0.3477 0.3 16.1 2,547,321
31.5 1.4536 0.2732 0.3 26.2 3,256,749
42.4 3.3784 0.6468 0.3 11.0 3,228,073
45.2 3.4112 0.6958 0.4 14.0 4,441,120
40.0 2.7404 0.5185 0.4 19.5 4,599,939
40.0 2.8239 0.5585 0.3 19.0 4,820,910
Mean + SD 37.7 £ 5.5 2.4028 + 0.9 0.4666 + 0.2 0.3 + 0.1 17.3 = 4.7 3,492,161 + 1,155,535
Male 41.6 3.2791 0.6022 0.3
39.8 2.7145 0.5123 0.3
38.3 2.8070 0.5614 0.4
39.8 2.7764 0.5316 0.4
41.5 2.7843 0.5214 0.3
38.3 2.6642 0.4896 0.3
37.7 2.3396 0.4493 0.3
35.0 2.2126 0.4376 0.3
33.9 1.9067 0.3653 0.4
38.8 2.7937 0.5673 0.4
35.1 1.9156 0.3711 0.3
Mean + SD 38.2 + 2.5 2.5631 + 0.4 0.4917 + 0.1 0.3 + 0.0
o0 Fig. 24 958 Wi 200 442z, 29 4% 4
A} (Spermatozoa, SZ) 7} X 715 AYA ) Fig.

6. 3%, AA v & 043 S AT AT
npx|gr pAdgke] AlZF Aate] whE o A A de 3
e W) S8 B dnAF b Ax ")
(scanning electron microscope) & ©]&3}t}t. +A42%,
FATE AEEY, F&, A, A DA DAE 33 S
Ao Z W3l 7 A DA vl wipdA ¥ £A
9 9¥A EAS T AR Av)Fes #As] SE 2%
glutaraldehyde®ll 1417t E<F A A3 A 1A o]
23 ABE 50, 70, 90, 95, 100%2] oet&= B4 AL
A 380, 50, 70, 100%<] isoamyl acetate (JUNSEI) %
22kslglet. 28 &, ARE A &A AFAxE AA
311, gold iAkE ZHFGIc ZHE vpx=t 74 Alee A
WEFAAALEAR 7 (JSM-6700F, JEOL Korea Ltd) & ©]
3l AT AL wdTAE e H3kE SEsIeloh

7=Iil_|.

1. 23% 22
20119 84 AF 9% 22004 AR upAe <,
S mEANLTE gstod e 2 Aol

2B+ WA ¥ AelA R AAEA, AR GAR] W]
doju} A% of ¥l Fo] FAFHT E AA (Relict
Spermatozoa, RS) 7} #2=|qlc). Fig. 2C+ At A w4
g drle diaz dadyd (follicle) U= Aswt
(Mature Oocyte, MO) ©] 7}5 A e} A4 Gl =
71= A7 55-60 umA = o|w, & W= ¥ (Nuclear, N)
o] A= Qi) Fig. 2D+ Ahs vl 7 AAellA 2=
WhEA, dhd Fo] daayd deles ZERE (Residual
Oocyte, RO) ©] “ollgly, daidwe]l Wt (Lumen,
LM) el 1l Z7te] #=|glch

2. ¥)Els
o] QoA EAE At A, Fof wiA= viutE= ¢,
of TAe] HFAL 0.11-0.3 = 0.05% Aret A

205 =
27 vukss oF 40% 743kSich (Table 1). B9z
= S5 kel o3 Ao w A=Y, HF 24 2
2 A=k A 0.6271 = 0.3 gollA] Akt F 0.3768 = 0.1
2 °F 40% A% 7+23}3lc}h (Table 1).

o ofN Y
fo of B



Korean J. Malacol. 28(2): 145-156, 2012

Fig. 3. Photomicrographs of Ruditapes philippinarumlarvae in different development stages. A, ripe egg. B, fertilized
egg. C, 2 cell (1 h). D, 4 cell (1 h 50 min). E, 8 cell (2 h 30 min). F, morula (4 h). G, blastula (4 h 50 min). H, early
gastrula (5 h 10 min). I, late gastrula (5 h 40 min).

3. A F

HshA HhHg o] &3t Alst A A e viAE (N = 5) of|A]
ZA" A AaAS (GSD = 28.6 = 10.7%°]1%eH, o5
¥R FA A AT B 11,725,162 + 9,269,842

eggsE XL glgleh. ool ubal, Akghs wHAl wRAlE (N
=7 9 AL AFE 17.3 + 4.4% o|gon, I T4
3,492,161 + 1,155,535 eggs® FA4 %t} webA gt
E3to] Ed npAE 4] ARl oF 8.23 x 10° eggs
Z74 =9t} (Table 1).

4. 5T Ty 9 FATd

Asgl vpxge 2 e el AE 4o A e
AL wglen, W mige] ke wFEA AT
(demersal eggs) o] 545 E3ith 47 vpA|EtelA] W=t =
Wt A7 5560 pumo| EIFes W (vitelline
envelope) 2% E#¥el F33 4 (hyaline zone) °l
& Eme] gt} (Fig. 3A, 5B). 571 vpx|2hell A WA
3 AR I S 291, Fee 7 9% R F
- (head) ¢} 3 719 71 HE (flagellum) & 2t I}
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Fig. 4. Photomicrographs of Ruditapes philippinarumlarvae in different development stages. A, trochophore (7 h). B,
D-larvae (19 h). C, early D-shaped (2 d), DG, Digestive Gland. D, late D-shaped (4 d). E, umbonal veliger (10 d). F,

late umbonal veliger (17 d). G, pediveliger (21 d).

(Fig. 5A). T3+ Aldke] m=3 A4 (acrosome) I} 3
(nuclei) 23 FA=ojglon e FH A F3 ZA Al
A=lo] gFoz 1A JehE 2 3llv)h (Fig. 5A).
npAg 27dgke] v Y (embryogenesis) < 774 1A7F
5 A (polar body) 7} HAEHA AA= i} (Figs. 3B,
5C). A A|ZHEAL 24 F A7 5080 dojyton] A
7} e 2717 v F e ¢ (blastomere) & ZHE 2-
AE7] (2-cell) 7} BA=3Uch (Figs. 3C, 5D). FHA A%

A2 2-A| 2o o] vy o7 dloju} H7]7} 4]
gk 370e] A} 277} 7 2 8 He] AlEE FAdE 4-
| £ (4-cell) 7} FA= AT (Figs. 3D, 5E). A543l A%
Fdo] AsPF o] #74 F 447 50%-°l °oFgt A +EA=
Hol= Eu)7] (blastula stage) 7} #&=E YT (Fig. 3G),
o]FJul7] (gastrula stage) ° HAEHA AT o
AR (cilia) 7 FAE) =8 A
(blastophore) 2] 3+&o] #2= ) (Fig. 5F). 377} &

X

2, M M

4

ARl
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Polar Body

10um

¢ - Blastopore

Fig. 5. SEM (Scanning Electronic Microscope) ultrastructure of Ruditapes philippinarumlarvae in different development
stages. A, ripe sperm. B, ripe egg. C, fertilized egg. D, 2 cell (1 h 50 min). E, 4 cell (2 h). F, gastrula (5 h 10 min). G,
early gastrula (5 h 40 min). H, late gastrula (7 h), SF, Shell Field. I, trochophore.

fd

230 we} vl wjo} (embryo) o FHol|: Eeigh A
wheto] o] 2o A (Figs. 31, 5G), ARE o]&-3 a4 ) vj
okl A fredol WAH e E3E F7] dlr]el o] vt
el shell field®] 37} #2=]3ic} (Fig. 5H).
TR F AR, F7) 7)ol A e ARE sk
2 54 (trochopore larvae) 2 %2 #317} ks gt}
FoaldE] AR 3 (prototroch) & ZHA QlE HEAF
AR

s
=
A HEE o83t 78 dovH 2 U4 2iEd 3]

A 52 o] WEHY (Figs. 44, 5D).9E4 4719
Fab7)olle 7] Ede] FA <F SHelA s, 249
722 hinge°ll 93l A3 3t} (Fig. 6A).¢] 271l 7 &
= AR Gl 54 D-3 o= #3811, hinge F-+2
3 =i (Fig 6B). A% D"" 4 (D-shape
larvae) = A F 19 A R e, o] A7] A 7
AL oF 86 1m3tt (Fig. 4B).

DA A DAl M szt Wi 71 2ke] A} i) &

J

o

v

>
=
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Fig. 6. SEM (Scanning Electronic Microscope) ultrastructure of Ruditapes philippinarumlarvae in different development
stages. A, mid trochophore, SF, Shell Field. B, late trochophore, SF, Shell Field. C, D-shaped with prodissoconch |
and Il (2 d). D, late D-shaped (4 d). E, pediveliger (21 d).

Ho] dojygr} 3UA DA AL wHHl (velum) & o] 83}
el “01*334 MOI =L °°ﬂﬂ£o] =97 (Fig. 40),

71"‘ prodlssoconsh I )\]7]
79 ‘%‘%O] W= ) (Flg 6C). 1048-FA A= 43}
7]% (digestive system) & Wido] F2lo] HatE|glon] o]
of ‘ﬂ°]‘§n Aol &Jgt 4stEgo] WA} (Fig. 4D).
T4 F 149 & 5L 27 183.41 £ 6.9 umP e, 44
(umbo) °] £Z34 =55 Fe}°] umbonal veliger® +
3lelsitt (Fig. 4E). o7k 3e] A4 A Aesict
(Fig. 6D). ﬂ*ﬂ‘ﬁ%ﬁ n P P B S R i P i
(pedlvehger) +4 2194 footo] WFkE|m A Sxu}

9 7)ojoid & el %’l”é—l’ﬂ‘ﬁiuﬂ, o uf sleaat E53
(siphon) 2] #AJe] WA=} (Fig. 4G).

5 43 E
vpxg FA wd dAle] w2 Hd i A% (shell
length) 9] 4452 DA FAAIFE EESHAL AT

77 AU A Tig. 79 2 DY 440 422 3%
AR (GA T 1947 743%, A7 86 um) Y-8 E2)A
Ag | B2 214 A7 A AFES BT 103
umfday 1o, 4 F 5% A T4 AT 44 2
oml, 57 F 109058 209 74 sz Ay
= A7

(linear) &

u

1. 733 ux|ge] A A5 4 A

Kang et al., (2004) £} Ngo and Choi (2004) = $-2]1}
g ATz it Ao sl vlA|Ehe] dF WAlFIE
A sA PHE o] 83te] WA, B3 8wl ik o] & AT
o oJshdl, AlFE Ak A1 wix|Ee] Akek2 64F-E] 997}
A #EE o, 53] $-20] 23°Co|d]l 7-8¥el| F= Akt
gk B astgict o] dgtollA] np|ghe] AHAlEl 71 A9
Akt glmako 2w frakgh 2| golH, 219 ¥ Yell= &4
T2 qlste] 7tz Al Gito] wolrlo] Ik A W
27He] 22 YA FA] 21°C, GE 21.1 psuR 7| ZH 9]
th 28y o] el 29l AW ARz 27 o]

Y
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Fig. 7. Larval growth of Ruditapes philippinarum during
study period, SL, Shell Length.
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=3 lou T"rﬂi—% T =, ﬁﬂ%%%ol ksl Aeg=
P Bt As A% s
0.1-3.5 ug/L (Kang et al., 2010) 1A% 0.3-5.84 ug/L
(NFRDI, 2001) °o]=, A3iste] A% A5t 1.0-7.0 pg/L
So7 ®uE3 9k (Kim et al., 2005). o] uks| AFxE
dctellAl 545 2222 A% Wil £ 0.06-1.81ug/L
(Affan, 2006) = €} Aol njsl &A3] v
uebA] AT AgtelA AR s o] b

e} Agro} 22 f29lol® 8k Al npA|Ete] =
Al Abdsl=d] gle] dx ke Ze® Alm =

2. J¥3o] o} & v wtEx| S5 W3}
vjutE = npxEks 23kel o)wjgfe] Aeldel AE g A9}
°§°J’>}EH—S— Zbdels AR dg Foll £E3ke F Hold
FE AAA A3t 9 AR} WA #A7) Qlck
(Kang et al., 2007). F-Eyete] A5 vpA =) winke S}
© ¥4 AEEHEE o WA 2R WA JleH, 54
off npA|ke] winter} S71elr] AlAbste] AAlart kA 4
S A7l P =2 vite o SFs Zeth (Park
and Choi, 2004, Uddin, 2010). =3 =2 % 3 & n}
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x2ke] vluks |4 ki 7 Abghe) o3t Zlo 7 e
i S’lﬁ‘r Uddin et al., (2010) > —"r?’/l‘%a} A AAE vA|

pul =

Bl 5%011 7}%} =2 Hl“P (0.9 + 0.02) & ¥o]x, Akek
o] A&=EE 6€4E 1 A5 Fragtha B uslglth Uddin
et al., (2010) ¢ o] oJspH, A AAx npA|ge] 74
ZF uwteE 0.7 + 0.02% 597 vz 9 30% A= 7
& o 5 sdvholol whall, 79 vpAFe] Akt A 9
0.5 = 0.112 AA= vpx]e] ujs)] AA= vpzA|2 B
Al, 2 A7F AR WeE & 5 Utk ok AT
g upx] o) vk AL o2 Ao nlE] HA)F]
F2 HolAE o3t o7 A = o]of fj3t ¥}
e A7 e A =k

l:

ri

poi n\i_

Mt orlo ofl K r1r 1—>

]

>

3. A FS3A
Park et al., (2004) = vlx| &of djdl A&
Aste] o chilAdS A 5 ole ZAHEd v
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FAHAEHA vl 93l WAl A2 A4
7‘43}35 A& At} (Park and Choi 2004).
Axs o] A7AkEel o ook e s
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AR % Fule]] ¥ ulaEke galew TekhE =3
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gk |l ko) A5-5 o] &-3te] AkekE =g § kst
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o = AHAAE o]} njx=e] TIAEE 4.3 x 105
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Table 2. Larval development of Ruditapes phillipinarum reported from different studies

Utting and Hur et al, Present
Devauchelle (1990) Spencer (1991) (2005) study
Temperature (°C) 25 25 22 24
Salinity (psu) 30-34 - - 33.4
Egg size (um) - 64.2 55-60
Fertilized egg 35 min 60 min
2 cell 1 h 10 min 1 h 50 min
4 cell 1 h 40 min 2 h
Morula 1 h 40 min 4 h
Blastula 3h 4 h 50 min
Gastrula 7 h 10 min 5 h 50 min
Trochophore - - 10 h 7h
D-larvae 24 h 24 h 20 h 19 h
Pediveliger 15 d 12 d 13 d 21 d
S (GSD +31% olgslo] 2R3 A}, wplzke] Ake 59 3} 24°C ol HjRkE Wil S 27 F 6470
o4 997kA] of 33 Axelm of o Yekel kel £ F @] (grstrula) 7+ B4, FEA £4 (trocophore)

A A% 6.5-12.8%2] 2.3-2.9 x 10° eggs® FA3}3]
o, o] v dTelr FAH viAFge] E3el fAkk
ZAvjor}, o] Qqtell M EAHetA o) ofsle] FA= 7]
g wix|ghe] ¥TekhrkE 2% A% 6.4-21.5%%] 0.9
5.7x10° eggs®, BF I7olA Ridt npx|ete] s w9
o} FApsie

4. WA B AR

Healy (1995) = #3HE (Veneroida) ©fl 43k= o]ujsll &
AR el wAT* HA5lo] A7} (superfamily) ©ll
w2} 5708 2F 07 R vf gk wiA|=e] &agl= Wit
237} (Veneroidea) <] ©]ms5 A A= Group Adl £33l
W, 1 5A4E vt o] Adsta olvh AAE w2 48
oz yies Tl st wdEo|glA] dAlw, A
2l 1% (electron density) 7} &< basal ringe] F27 ¢
sk glek. 2 g o] Al Fe2 SAE, T4
Helle 789 4l B 5709 rlEE=eolE 2t Qo
Avgsiar glck. o] dAtellA AR A vl A A

E

E

Hof gre st TR o do] Baw Ao, W)
g2 (Veneroida) o]} A Ale] EAL 2 ubedslw i),
Hur et al., (2005) & w33} 439 o)njsiFal wix|2t

(Ruditapes philippinarum), 5% (Mactra veneriformis),
7M7) (Cyclina sinensis) £+ 93t (Meretrix lusoria)
o W A A 28AE HESSIYE Hur et al,
(2005) o W=, H]—x]a—_o,] ) L 29°C A A A
Z 77k TR 7Y SR A 1047 DAY A k4] 20
Alzre] o= whd, hE D}i = 26°CollA 44"“*1
S, AA7] A A

DA SA7LA] 17.547k0] &
SAAE 1890] 285 Ao By It oWl 1A

= TAZ, DA AL 19417 = Gi} (Table 2). w1
Z vl 24 (embryogenesis) ZH42 Hur et al., (2005)<]
vl A chA| e} w)gk e BT

gt} ofujsiFo] i AL o 24417 el $hEH

v, Zp i A ARk U ke A7RE wlioF X0
we} tjefslt}l. Zhang and Yan (2006) & 2%of wi njx|
g A DA FATAIA S i 428 AT S
A7}, A (14.6°C, 48417h A5 apdA AJ7te] FoiA]
L o] F7hel wheh i 48 AlTke] FolilE H skl
ol ®3k FEA FA EA = 142 (26-28°C) 9] AT,
7-84, A4 (17-19°C) 9] 7%, 13-14%Y0] 285 tju B
] s}ﬁr/} ojl QoM 24°C & Aol FAT B
1<)

FE DA DA oF 2041%k0] A8 H e, o)= o

£ A7sa} i A Ak Ageleh, 22 o] el
39 984 44 A7) % 20900] 285300, o), Hur

et al., (2005) 2] 7| u]3) 7<, Zhang and Yan (2006)
o] Aol vlEl 104 A= =2 Flo|t}. o]egt leo]= Hol&k
T 2AHR AFsE AR A7)l Aol B Al
71913k Aoz Algdch o] Ao ARSE npAE A=l
TEE o 7ol 2291 A<l vl FAA Al v

R4

nate], 2 RS 2 FEI}F ug- Agren], 1 A} wiA|E
782 7ol Ho| Fpel FAA JIFgE vAl Aoz A
35k
2 o
o] Aol M= vlAZ (Ruditapes philippinarum) £ ¥
Al 2 FAAS BEslglon, ofF $l3te] AT Y 'r°r
AE 214 7F AUASFEE o] 83t wieFstalet. wix|=h
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