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Studies on Physiological Activity of Adult Shell, Egg Development and
Larval Cryopreservation in Surf Clam Mactra chinensis

for its Species Conservation

Jun Hyung Ryu

Department of Fisheries Biology, The Graduate-School,
Pukyong National University

Abstract

The present research was carried out to investigate the physiological activity

of matured adult, egg development and larval cryopreservation in surf clam
(Mactra chinensis) for its species conservation.

The survival rate of matured adult was 92.5% in 30 psu up to 216 h, 65.0%
in 20 psu up to 216-h, while in'10;psu, severe mortality was recorded after
48 h and all died up to 96 h.

Total hemocyte count was maintained a consistent level in 30 psu. While in
20 psu, it tended to decrease up to 24 h and afterwards, recovered gradually.
In the case of 10 psu, it was increased up to 6 h and tended to decrease
later on.

Osmolality of hemolymph was followed similar level with the experimental
water after 3 h in 30 and 20 psu respectively, while in 10 psu, it was not
completely followed the experimental water up to 48 h. Na' and Cl concen-
trations of hemolymph were almost similar with the pattern of osmolality. In

the case of K', Ca’* and Mg, ionic concentrations of hemolymph were



followed similar level with the experimental water after 3 h in 30 and 20 psu
respectively, but in 10 psu, ionic concentrations were increased than the initial
level, maintained for a while and afterwards decreased.

Level of hemolymph glucose was recorded to be significantly increased at 72
h in 20 psu. In 10 psu, it was significantly increased at 12 h first and sharply
increased at 48 h. However, there were no differences among different
experimental groups in total protein and total cholesterol. Levels of hemo-
lymph aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), lactate dehydrogenase (LDH) were significantly increased
at 48 h in 10 psu simultaneously-

Oxygen consumption-of matured adult significantly-increased with rising
water temperature’ and significantly decreased below 20 psu.

Ammonia excretion was significantly increased in 15°C  compared to 10°C and
there was no significant increase in 20°C.

O:N ratio 'was recorded to increase in 20°C and tended to decrease with
decline of salinity.

Optimum conditions for early egg development were found to be 25°C and
30~35 psu. Required times for each developmental stage were shortened with
rising water temperature and 3.22°C was calculated as a biological minimum
temperature.

In investigations of optimum CPAs (cryoprotective agents) for larval cryopreservation,
ethylene glycol 2.0 M (30 min), dimethyl sulfoxide 1.5 M (10 min) and methanol
2.0 M (20 min) were selected for trochophore, and ethylene glycol 2.0 M (30 min),
dimethyl sulfoxide 2.0 M (30 min) and methanol 2.0 M (30 min) were selected for
D-shaped larva.

Results of larval cryopreservation showed that the survival rate of 2.37% and

4.72% for post-thawed trochophores and D-shaped larvae, respectively.
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Tee] AF7E ol FolA, AR obr], fFIA It At 5 o EH
Ak 2okl A WEeRE Vg AFHCE FEHI AH(Woods et al,

2004; Yoon et al., 1999).

S35 E oo HFEEA YAME o F FAE HFEste FAHF
=2 AA, &, Ao YR A AFT7F FED] o] FARA AL
t(Chao and Liao, 2001). 1 & |72 &AHjol izt A= =7/, A

7, Z1FZ71(Choi et al., 2003; Choi and Chang, 2007), ®#$}(Chao et al.,
1997), H¥ ¢ (Choi et al, 2008), I Z7H(Jo et al, 2002) & TF&FI Zel
Al o] FolH . =R/ Paniagua-Chavez et al. (1998)°] WA Yol=2] &
#BAE dEF Az TEAZTG Hagk vb lar, "X F+ Paredes
et al. (2012)°] =Y ETHY FEAE s F27] FAHo=E YEAA
o1 &TH Wang et al (2011)%= A sslE A e DIFALS s 73
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Fig. 1. External sHa“ge of surf clam Mactra chinensis.
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1. =299 &4

1) 23A=

AdE NIFENe FAFIA FXT BAE FH(Fig. 2)°AM A5 st

Arol me AP ARE B YUE H4e FAS) S8, AHA <
S0 HARGANLAAAATLE Sukste] 180 L A4 APSE(15C,
30 psu)ol A 197 QPN Uothe, M @e) Agatsinh £ 0 GRE

2 988 A&Es 2 3= AN

1) EE

HE W] mE BHEES A 9@ 30, 20, 10 psud] AT =
oJAE 180 L YFFZ(FL 15C) 6709 2074412 F 120744 2] MFx
ME 83t 3, 6, 12, 24, 48, 72, 96, 120, 144, 168, 192, 2164 7tA| 2
AEES ZARIAT. A RE dizs dea AW, gl 93 =

g Ao ¥ge HolA ¥e MAE 5 AoE BT

Ao ARER NFERMNE 7= Table 13 2o A@ &9 diEx
A2 st HeR sla, sAAdRE 9] fd 1 13 A Seest
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Fig. 2. Map showing sampling area of Mactra chinensis.



Fig. 3. Recirculation water system for acclimation of Mactra chinensis. C:
cooler, CF: coral sand filter, FC: filtration cotton, P: pump, RT:

rearing tanks, SF: sand filter, Arrows: water flow.



Table 1. Sizes of Mactra chinensis used in experiments of abrupt changes

of salinity

) Salinity SL SH SW T™W
Experiment
(psu) (mm) (mm) (mm) (®)
10 60.5+3.9 45.3+4.6  28.7+1.8 40.7+75
Survival 20 61.0+3.6 454124 28.7+1.8 413174
30 60.4+4.5 45.7+49 284+2.0 41.0+98
10 59.7+2.7 44.3+1.9 285+1.9 39.816.9
Hemolymph
20 59.6£2.8, 44.3+25 289116 41.2+6.7
property
30 59.7t4.1 45.0+3.2 29.0+1.9 41.0+6.7

SL: shell length, SH: shell height, SW: shell width, TW: total weight.



FE WSt mE A WHILE xAbe7] 98] 30, 20, 10 psud] M
7F E9E 180 L Y FZR(52 15TC)oll 242} 45, 45, 13070418 F 220
MA MNFENE FE3te] AFS FPsATE AP A3 Mgz
o] A7]= Table 13 2ot APFo A@MAFE =& A4F 2AHd
F3te 2AsAth € Z(hemolymph)E 3, 6, 12, 24, 48, 7241 7kA) o) 4
7Y 5AAZEE FH 2 (pm) H-9(Fig. 4)°] 1 mL syringeS 4¢3}
of AHF3AT FF RAE AT EE Aty 2T A4 &g
(10,000xg, 4C, 10%)3tA 2.1, 1 EH(supernatant)= -80C o] &4 7}
2 B@sk .

l

=

3) @7

AT dzo) RS FHt AdPF P pooled samples e
Bachere et al. (1991)2] 7N&F¥ 8 H}g31 A A (Modified anti-aggregant
solution, MAS : glucose 20.8 g, sodium citrate 8.0 g, EDTA 3.36 g,
sodium chloride 22.5 g, distilled water 1 L)¥ 1:3¢] HI&= & sto]
AEASA T BBk sample> ETALMES o83l 338k v 7 (x100~400)
O 1241t el 47kE Al FEk Tk

4) A B

YA HEHFEE Vapro Pressure Osmometer (Vapro 5520; Wescor
Co.,, USA)E o]&sl A9, °]&(Na', K, CI, Ca**, Mg*), %=
2, FOWE FZY 2HE, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase
(LDH)= Biochemistry Autoanalyzer (Fujifilm Dri-Chem 4000i, Japan)=
%A 594



Fig. 4. Anatomy of Mactra chinensis. A: male, B, female, am: anterior
adductor muscle, d: digestive gland, es: exhalant siphon, f: foot,
g: gill, is: inhalant siphon, m: mantle, o: ovary, pm: posterior

adductor muscle, s: shell, t: testis, u: umbo.
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MFxM & 2 78 Aaav s A A8 DA A4 4
A4H| SAAA|(Fig. 5)& ARESEATE T54(183 mm x 133 mm x 160 mm)

< olmdE AFSIAAL, SlFEe A7 67 mme FHE Fo] i

2 6 channel multi data-logger system (Oxyguard, Denmark)< &3l 7

FE O dEEAH.

T8t R, R E ol 88 S5 W =o] AAskA &A o,
T2 O 4] (Taitec, Japan) WelAl 24z A4 - FASHEE SHATH

ALESE J BN e =2 7]+ Table 29 YeER AT
0C = (Ct—Ci)xV

tXW
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Fig. 5. Schematic diagram of oxygen consumption measuring system. C:
clam, DL: data logger, MB: magnetic bar, MS: magnetic stirrer,
P: probe, PC: personal computer, RC: respiratory chamber.
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Table 2. Sizes of Mactra chinensis used in experiments of oxygen con-

sumption and ammonia excretion

SL SH SW T™W

Experiment  Condition (mm) (mm) (mm) (8

10C 62.0+3.2 46.5t24 30.1+1.6 40.318.9

Water
15C 63.6£2.8 48.6+2.2 31.1+20 40.6+7.7
temperature
20C 61.2t3.9 46.5+4.7 29.2119 41.6+7.9
10 psu 63.2t3.3 46.7+2.8 295113 44.8+6.2
Salinity 20 psu 63.113.0° 47.0+1.7 298116 45.8+6.7

30 psu 63.4+23 479122 304+14 424+7.1

SL: shell length, SH: shell height, SW: shell width, TW: total weight.
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OC : AF&am = (mg Oy/kg/h)

Ci, Ct : SAMA L A F9 &E4H4E (mg O/L)

B dEYol mjdde AR fdl, AasH S AF
T ¢RUYol F5E phenolhypochlorite'§ (Solorzano,
1969)°ll we} 333 =A| (Ultrospec 3300 pro; Amersham Biosciences, UK)
£ o] &3 SAH3SIATE o] "' S E Leung et al. (1999)9] WHES WY
gk ot AlMtA el met el HjEAF(AE)S TelRH. A FE S 3urEo
2 FPstEch Ao AFE3 AFxNE] =7 Table 20 YeERH ST

_ (Ct=Ci)xV
= t X W

AE
AE - tEUYel vl 8 % (mg NHy-N/Kkg/h)
Ci, Ct : SAMNALEB tA13F F-of -4 EHo} (mg NH,-N/L)
t : A AR (hour)
V&7 el =% (L)
W dA 79 AFZF (kg)

3) O:N WA

Se 9 QJEW ON 94 E 4asn@s Fryocl faFe vego
2 ot A4k (Hawkins and Bayne, 1991, Widdows and Johnson, 1988)
of wz} T8kt
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3, 8 33 psuE AT FAHFE 48ARM7EA], B R T (x100) 2=

283 DR R BHES AT

/mLZ S} a1,

BN
25CE FASIAT +48 4841k &, Bt n)A(x100) 0.2 #3187 D

@ T2 Iy £5

MFzANe FL28 A &5 ZAS] 96, 88 7F 28
(15, 20, 25, 30C)Z 1 L HlZ o) F&8et. oln), U=
A, HEL 33 psuR BFHom, £ ezl WolA fAEATh
zb A GA o] o2 AT 20 A oF HASte ZAbsIR AL, 7
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BeATh WA, CPA-IEZS 98 15 A
i, o7l F&4 2 DERFAES 44 BAdS | & £F8 FUa, CPA
T g FE o] gsll M st
AEEATE A% 22 F3 ot FEAS DIFAY ZF CPA
4, AFESE, &£3%8 FAES BNV A (x100022 &
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YR YES] A9, FEAES fo FAH "t CPA IF - &EA
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73ttt
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o F YT X, MELAH CPAE EE AFFAA sucroseE HEFE
02 Mo] HEH 31, AMEWA CPATE ethylene glycol (EG), dimethyl
sulfoxide (DMSO), methanol (MET)S 77} AH83loH, HFFEE 0.5,
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Table 3. Numerical method for evaluation of ciliated larval activity index

Index

Motility characteristics

\Y%

Larva display spiral movement rapidly

Larva display spiral movement slowly

Larva display a little movement

Larva display cillial movement only

Immobile larva

LAI = score X % motile larvae / 100
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@) 3% R AsF YEE

MFz FE84 3 DIEFAe dsHES S8, CPA HF 2 &&4
e FAA & AAE EUE AAT AAH CPAE FF EFI F,
0.25 mL straw (FHK, Japan)oll &3ttt 18la o]& ZE2IHYF7]
(Samwon Freezing Engineering Co., Korea)E ©]-8-3l Initial temperature
0C — Freezing rate (-1C/min) — -12C — Seeding (10 min) —
Freezing rate (-1C/min) — -35C — Holding (30 min) — LN, (-196TC)
o] £o = WEsAT. s S LN, (-196C) — Fresh water (20C)9 <=
o2 shch

NEE, G APsGe 199 v ez BN AFH CPAT 8%

NZ AL, FANE (x100) 0= HA o FH-E AU

4. A AT

A2 e A=5g(meantSE) Atole] fFolxt = SPSS FAH 7] A
(ver. 18)°ll &g One way-ANOVA % Duncan’s multiple range test®
AA Ao
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m. 2 =

1. =299 &4

1) 88 AEE 2 A= AN

1) EE

T2 15T 9 30, 20, 10 psu silsollA JHFZN o] BAAE HEE
6°1 JeRA whe} 2ok

30 psudll A= A3 NAF 216A1A o] 92.5%7F AESEA L, 20 psull
Ae 24X EE H AL AlAEE o], 216A1 A ol = 65.0%7F AESHATH
10 psuol A= 4AASFE HAZE AZEE AL, 484300l | FH A A 7}
F243] S7Fetd 5.0% 7k AE3EH 2, 96A A ol = 25 H AFSFA T

rlo

Fig.

2) 7

& 15T 9 30,-20, 10 psu 3l<FollA MBIz -zl 4= Fig.
7¢] JERG Hiel 2t

30 psudldE Ad MAA(B3*10° cells/mL)ZFE 724 7HA (5.1x10°
cells/mL)7HA] tha& F3re]l Aoy, B 52x10° cells/mLe] FEOZE
G757 FAEUT 20 psuol A= 3AA O] 58x10° cells/mLE A3
AAA(5.3x10° cells/mL)ol HI&| Th& Z7183, o] F 244 7bA ol 2.8x10°
cells/mLell o] 271744 HAp a8ty T8y o] TA] F7tste] 72
AR Ol 54x10° cells/mLE AP /MAAIY] FFo 2 I HFHUT vt
M, 10 psucllAE 322 ol 33x10° cells/mLE ZHA3IA T, 6413 ol =
6.7x10° cells/mLE Z7Fstth o] &, Mt 7HAsto] 48A1MA ol = 2.2x10°
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Fig. 6. Survival rates of Mactra chinensis after abrupt changes of salinity.

Each value represents mean+S.E. (n=2).
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- —0—10 psu —©—20 psu ——30 psu

THC (% 10° cells/mL)
o = N W H (6] (o) IR N| (o]

0 3 6 12 24 48 72

Elapsed time (h)

Fig. 7. Total hemocytes counts of Mactra chinensis after abrupt changes

of salinity. Each value represents meantS.E. (n=4).
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cells/mLO.Z Z+A3dH L, A= HAIZ Qs dH=ZE AHT 4
AT

3) @4 A%

O AFdE=

T2 15C9 30, 20, 10 psu 3lFAA MFRN A HEHAe=EE
Fig. 8¢l Yehd upe}

30 psucllAl= AE MAAFE 724105 47 AFEEF 58931
mOsm/kg) e}t FAFE F35(904~920 mOsm/kg)= A3t 20 psucl A
= A7 MAF AR FE @B AFAEE(5975 mOsm/kg)$t fr
ARG 3(605.2+5.23 mOsm/kg) 2.2 7+ASFH I, 72A1 2R 74A] 594~605
mOsm/kgS -FA|3A Tk ¥, 10 psucl e A& NAS 3AZ A o 845.6+
17.7 mOsm/kge| AFdE=E UEl, 452 AFd5 = 301.9 mOsm
/kg FEOE ZFasHA g o] 6AIZEA o 815.0£33.5 mOsm/kg,
12412 ol 794.0+14.6 mOsm/kg, 24AIZtA ol 638.6+87.3 mOsm/kg, 48]
Aol 445.8+21.8 mOsm/kg= Hzk 74ste], 10 psudlAle 2449
AEAFE TR SR fv AFS HEREL 7240 ol = H A

=<
2 Qs dH=ZE AAY /i

@ ol &
7}. Na*, K*, CI
T 15C 9] 30, 20, 10 psu 3fFolA MFEMN EH Na', K', CI &
=+ Fig. 90l Yebd nie} 2
Na* 5 30 psudlA A3 MNAAFEEH 72A1A7k4] 8772 Na*
&5 (442.8 mmol/L)2} A 439.0~455.0 mmol/LE A3+ 3, 20 psu

A= AP MAF BAZAFE Na* 557F 2H4ske] 772953 mmol
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Fig. 8. Levels of hemolymph osmolality of Mactra chinensis after abrupt
changes of salinity. Each dotted line indicates osmolality of

experimental water. Each value represents meantS.E. (n=5).
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Fig. 9. Levels of hemolymph sodium, potassium and chloride concen-
trations of Mactra chinensis after abrupt changes of salinity.
Each dotted line indicates ionic concentration of experimental

water. Each value represents mean+S.E. (n=5).
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/L)eF AR 282.6+3.8 mmol/LE H oW, o] 72477 742] 280.8~298.8
mmol/LE FAEFA T WA, 10 psuoll A= 3AI7HA ol 419.047.6 mmol/LE
%o, 37 4(147.8 mmol/L)S} FAGE 22 Na' 557 #4shA &
ok o] AR TEA HAF FAEe] 391.6+11.6 mmol/LE HATHE,

e F23 743ske] 29941420 mmol/LE H Lo, 48A17HA)
o] 200.2412.1 mmol/LE HUTh F, 30 ¥ 20 psulA Na' a5+ 7

Gol w83 A4S UEWOo, 10 pudl Al BUIE 288 gt
%

K" 5%+ 30 psuollAdl &A@ THAAF-H 24418 74A] 6.1~7.1 mmol/L
2, &4 8.2 mmol/L)oll Hla tha SHAl YEbEE I, 48413 2 724130
ol& 8.7~88 mmol/LZ H3th 20 psudlHE AF MAIE 3AZHA FE
7272t 74 A 58~6.7 mmol/LE FA8te], 74 4(5.6 mmol/L)2] K &
Tof Hla| thak E=A etk 1, 10 psusl A& 3AIEAC KT =0T
9.6+0.2 mmol/LZ 4%3te] #7<=3.0 mmol/L) 2 A& 7) A A(6.5+0.2
mmol/L) 2t} =& 7S YEFA I, 12413744 9.3~9.6 mmol/LE 4]
SHAT 244314 (6.0+0.9 mmol/L)F-E = Fastz] A2l 48A13A ol
55+0.5 mmol/LZ -H%T 5, K ¥5+= 300 2 20 psudlA A FHT}

ta RAY ¥ BET w3t A%S UEou, 10 psuil s #

+

Cl 5+ 30 psudlA A3 MAAIFE 72X 712 87359 CI

%(430.2 mmol/L)E T} thad ¥ 399.0~414.0 mmol/LE FAI3IH T 20
psuclAe A3 AAF BANARE CI s=7F Z4aste] 442827
mmol/L) BTt Thad W2 259.8 mmol/LE H U3, o|ZHE 7244|714
259.8~276.0 mmol/LE A3t} ¥, 10 psudl A 34174 (385.0£9.2
mmol/L)oll #7<(135.2 mmol/L) ¢ AR FEoE C $&27F 24
A ok, 12A A 7FA M Ab ZFAaske] 356.648.0 mmol/LE o H,
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A WS FER £33 4FS BB, 10 pudl s $45d 2uke

. Ca*, Mg™

T 15C 9 30, 20, 10 psu slgoll A AF=N A Ca*, Mg T =
E Fig. 109] YERA uvpe} 2t}

Ca®* F=E 30 psudllsl AF MAARE 7247331714 3

78<(13.3 mmol
/L)¢F FrARSE 11.9~144 mmol/LE FASHATE 20 psuslAe AF MAF

3A1ZHA(10.10.1 mmol/L)F-E-Ca*" F&=7} 243t $74<5(9.1 mmol/L)
oF FARE #ELE FHYA, o|ZRE 72AIA 744 10.1~11.2 mmol/LE
FABIA T W, 10 psucl A 3A1EA(18.040.2 mmol/L)F-E Ca® &
E7F st 84 5(5.0 mmol/L) 2 A3 /A A(12.3£0.1 mmol/L)E
o 52 @S UBR, o] S HA; et 244 o= 19.542.9 mmol

0+1.6 mmol/Lo= ZF43ltt.

Mg § =& 30 psuollAl-Ad ZHAARE 7248744 21.0~28.6
mmol/L%E, #745(29.3 mmol/L)°l ®ls] ta @& FEE FAAT
20 psudlAE AF MAFE 342 (18.240.7 mmol/L)F-E Mg” =7}
ZHaeste] 37442201 mmol/L)9F AR FEC 2 HUAL, o] ZRE 724
A 74A 18.2~21.1 mmol/LE FASHATE ¥, 10 psuclAl= 3AIHA
(25.0+0.5 mmol/L)¥-E Mg s=7} <3t #744(10.9 mmol/L) %

2

rlo
)
flo
i
o,
&
e
o
T
o)
2
o
oy M

AF MA A (237403 mmol/L) Bt} =
stef 12417k ol 26.140.53 mmol/L=E =101, 2441714 (20.942.6 mmol
JL)RE 723, 4847l o= 15.3£0.7 mmol/LZ S At}
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Fig. 10. Levels of hemolymph calcium and magnesium concentrations of
Mactra chinensis after abrupt changes of salinity. Each dotted
line indicates ionic concentration of experimental water. Each

value represents mean+S.E. (n=5).
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5C 9] 30, 20, 10 psu SiFollA AMFx) Ao 2FZ~ 55
o Yehd niel 2t
30 psullAle= A HAAIFE 72478 1.0~1.2 mg/dLE A8,

©® 73, FAF, FEA=HE
1
.11

20 psul Al AP MAAIRE 4BAIEA7HA-1.0~2.0 mg/dLE A8kt
7v, 72413 A ol 4.441.4 mg/dLE F&JstAl 7183 10 psudlA= A

A MAIFE 3AZE 2 AR 2.6~3.4 mg/dLE FAISITEL, 124170
B folstAl 718k 4AA 7R 3.8~4.0 mg/dL, 48A1ZFA Ol 9.8+2.2
mg/dLE FA3] Z71slgith &, 90| FSrE, ATte] ANTSE Z
Foote 2 ES UERT

Tad Bl FEH2HES 25 AF 7oA 01 g/dL % 1.0 mg/dL
o] g& vEh AP Aolrt EhEA btk

:’,’/\ l-:.l‘_‘_7]_

O.>'I

Ni

@ AST, ALT, ALP, LDH

T2 15C9] 30, 20, 10 psu 3olA MEFEMN A AST, ALT,
ALP, LDH+ Fig. 1237 139 YERd nhe} 2o

AST+= 30 psuollAl A3 WAAIFE 72804 7h%] 7.0~16.8 IU/LE
2843, 20 psudll s AH AAARE 72238 71A] 9.8~27.2 TU/LE]
s UEH 30 psu AT FY A Ao]E HolX Ut 10 psuolA
= A AAZF 6ATATFA 9.6~102 TU/LE A5G o, 124 7HA) HE
H2}p ko]l Z71ke] 48 A1 A o] 50.2+9.0 IU/LY #6S YERY, 30 2 20
psu 2@ oA AolE YERAT
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Fig. 11. Levels of hemolymph glucose of Mactra chinensis after abrupt
changes of salinity. Each value represents meantS.E. (n=5).
Different alphabetic letters on the bars indicate significant

differences (P’<0.05).
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Fig. 12. Levels of hemolymph AST and ALT of Mactra chinensis after
abrupt changes of salinity. Each value represents meanzS.E.

(n=5). Different alphabetic letters on the bars indicate significant
differences (P<0.05).
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Fig. 13. Levels of hemolymph ALP and LDH of Mactra chinensis after
abrupt changes of salinity. Each value represents meantS.E.
(n=5). Different alphabetic letters on the bars indicate significant
differences (P<0.05).
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ALT+= 30 psucllAl A3 AAIAIFE 72408744 64~13.2 IU/LE
AsFRaL, 20 psudl A= AE FHAIAIFE 72A1/7HA] 6.8~12.8 TU/LE
FABATE 10 psucl A= AP AAAFE 24438 7-A &= 8.0~11.8 IU/L
A5+ L, 4841 ol 29.8+6.8 TU/LE +23tAl Z713
ALP+= 30 psucl Al A3 WAAIFE 724138 74A] 15.8~25.0 IU/LE

Ll

A3HA L, 20 psullAe AR MAAFE 72438744 15.8~29.0 IU/LE
FASATE 10 psuoll A= A NAIAIFE 24437 744 = 16.8~21.8 TU/L
FABA L, 4841 o 492459 IU/LE FosHAl E7sA T

LDH+= 30 psuollAl A3 WAIAIFE 7278714 52~64 IU/LE

Ll

A8t AL, 20 psudlAe A AAIAFEH 7248 744 6.0~6.6 IU/LE
FASAT 10 psucl A= A AAAFE 24X A7 A = 6.2~84 TU/L
FABEA AL, 48417 A ol 12.8+1.5 IU/LZE 2] 5HA 78k o)

=, AST, ALT, ASP, LDH+= &2 2= 10 psucl 4 48AI3tA ol 2
Al F7letE A BT

Ll

@ T2 R AL

i

o AL-&

1) MNain

30 psu®| 10, 15, 20C afisols AN ALl g2 10T ol A
38.7+2.0 mg O/kg/h, 15C oA 103.6+12.3 mg O,/kg/h, 20T ol 4 218.2+
39.7 mg O,/kg/hSATH(Fig. 14). &, F2°] FHEFF rain|Fo] {9
StA S7FEFR L, Quo @62 10~15C 2 W SlollAl 7.2, 15~20C 2] R ¢ ol A
442 Yehgon, 2458429 71 &7 (b)= 017292 Yebgth =3, 4k
2a] Ao 71&7] gholl tdt P& 09936202 =2 AHAAE YEM

t}(Fig. 15).
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Fig. 14. Oxygen consumptions of Mactra chinensis in different water
temperatures and salinities. Each value represents mean+S.E.
(n=3). Different alphabetic letters on the bars indicate significant
differences (’<0.05).
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Fig. 15. Oxygen consumptions of Mactra chinensis in different water

temperatures. WT: water temperature.
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15C 2] 30, 20, 10 psu 3lolA MFEN 4FAABEFS 30 psudlAl
99.0+8.8 mg O,/kg/h, 20 psu®lAl 16.0£3.7 mg O,/kg/h, 10 psuclAl 6.5
+1.8 mg Op/kg/h&E 20 H 10 psuol Al FJakA 43I TH(Fig. 14).

2) dEYo}l wjAdF
30 psud] 10, 15, 20C sl FellA NF=Me] drYol wjdzFL 10C ol
A 2.1+0.6 mg NH,-N/kg/h, 15C A4 55+1.1 mg NH,-N/kg/h, 20

A 3.6£0.1 mg NHs+N/kg/h STHFig. 16). 15C o HI3] 10C A =Y
o} wjAdwFo] FoJstA RERT, 20C A E 15T o) vl trYo} v

o] Ztastg ot Fodt 2ol el Fokth

15C <] 30, 20, 10 psu 3l el A 7NZF=INe] R o} vl AdZFL 30 psu
o A 4.9+0.8 mg NH,-N/kg/h, 20 psudllA 1.3£0.7 mg NHs-N/kg/h, 10
psucl Al 1.0+0.7 mg NHs&-N/kg/h=Z 20 2 10 psuol A f2lstAl 243}
A TH(Fig. 16).

3) O:N YA

F& 2 AE MFRALAILLE FHR R o} Wi S uEgo R
T8 O:NN YA & Fig. 177 Z2th

30 psu?l 10, 15, 20C &<l A O:N ¥AH]E= 10C A 17.0, 15C ol A
16.6, 20C A4 522U T} 10T} 15ColA O:N LAHIZF FASEA A,
20C oAM= Zsste AFS Uebi

15C 9] 30, 20, 10 psu sii<FollAl /HFEZ7HS] ON AR 30 psuol Al
17.6, 20 psu°llA 11.1, 10 psuollAl 4.3°IAtt. =, Aol Hoxl wet

3

ON A= ZFAasteE 4¢SS vedth
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Fig. 16. Ammonia excretions of Mactra chinensis in different water
temperatures and salinities. Each value represents mean+S.E.
(n=3). Different alphabetic letters on the bars indicate significant
differences (P<0.05).
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Fig. 17. Atomic O:N ratio variations of Mactra chinensis in different water

temperatures and salinities.
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o] 2A3E, 443, 8A|E, 164
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3klaL, o]ofA 4317

o}
=
#o] FHHE FEA, W DI f7e] AL DIAYOE W

H

MNFzN AT 2 AEL Fig 199 Vel nvie} 2t} R3&
2 15T ol A 97.4+1.4%, 207C S|4l 97.7+0.9%, 25C OM 94.4+1.0% R 12, 30T
AAE 0.0% R, 30CE A A@FLhol= {3 2ol Holx| &
Utk DIEFAO RS TAEL 15CAA 44.4+1.4%, 20C A 64.0+0.6%,
25C | A 71.3£0.6% = LERF 25T ol Al FolahA] =& WSS HHth

DY FA R} A Eo] 7 & AAE YW 25T oA dwd
A &2 Fig. 200 veRdA BRef 2T B3kg2 102 15 psudl A= 0.0%
AL, 20 psuoll A 85.0£1.9%, 25 psucllAl 93.8+1.9 %, 30 psucllAl 98.1+0.3%,
35 psuoll Al 98.8+0.4%, 40 psucllA 18.3+1.2% ™ DI FAHLE ] LA E
2 10, 15 & 20 psuolA&= 0.0%, 25 psuollAl 46.0+1.8%, 30 psuollAl 76.5
+1.4%, 35 psucll Al 74.740.9%, 40 psuolA] 0.2+0.2% 2™, 30 ¥ 35 psu
N FosA =& TAES BT

3) ¥ A &=
MFZNY FAZ 2 SAGA7IA Q] A QA7HS Table 4] YERA #E
2} 2t 15, 20, 25C oA = F20] Zold4FE ZF AT A 7R ] A Q



Fig. 18. Early developmental stages of Mactra chinensis. A: unfertilized
egg, B: 1st polar body stage, C: 2-cell stage, D: 4-cell stage, E:
morula stage, F: blastula stage, G: trochophore stage, H: D-
shaped larval stage. Bar=50 um.
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Fig. 19. Hatching rates and developmental rates to D-shaped larva of
fertilized egg of Mactra chinensis in different water temperatures.
Each value represents mean+S.E. (n=3). Different alphabetic letters

on the bars indicate significant differences (P<0.05).
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Fig. 20. Hatching rates and developmental rates to D-shaped larva of
fertilized egg of Mactra chinensis in different salinities. Each
value represents meantS.E. (n=3). Different alphabetic letters

on the bars indicate significant differences (P<0.05).
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Table 4. The required times (hour:minute) from fertilization to each

developmental stage in different water temperatures in Mactra

chinensis

Developmental Elapsed time after fertilization (hour : minute)

stage 15°C 20°C 25°C 30°C
2—cell 2:20 1:50 1:30 1:20
4-cell 2:40 2:10 1:50 1:40
8-cell 4:00 2:40 2:20 2:10
16-cell 5:10 3:00 2:40 2:30
Morula 6:10 4:10 3:20 2:50
Blastula 11:30 7:10 6:20 Dead
Trochophore 24:30 14:30 12:30 Dead
D-shaped larva 46:20 26:00 20:10 Dead
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el 942 JeiT loH, o232 o FL&WT: C)3 2 24

84 1/t = 0.0179WT - 0.0060 (R* = 0.9518)
R 1/t = 0.0138WT - 0.0416 (R* = 0.9948)
3| 1/t = 0.0071WT-- 0.0137 (R* = 0.9290)
&2t 1/t-= 0.0039WT - 0.0151 (R*> = 0.9402)

o5 WAAS 72E Y=Y #eol 04 ®, ARl XFol| Het=
2, & 27] Al slol Aol FA sk AESHY Y= (biological minimum

temperature)= 3.22C = A H Ut}

3. F49 YERE

N

(1) CPA A& - 825 FAEYAT 4 APYIYPE
MFzN FEAL CPA % - 335 AL Fig. 239 Uehd

of o], BE APFA CPA AEZ ZasiATL, £5F BA 5
B



Required time (1/t)

Fig. 21.

0.6

0.5

0.4

0.3

0.2

0.1

0.0

& 8-cell

W Morula

A Blastula

L | X Trochophore

X D-shaped larva

1/t=0.0179WT - 0.006

1/t=0.0138WT - 0.0416

1/t=0.0071WT - 0.0137

1/t=0.0039WT - 0.0151

t=0.0028WT - 0.0195

0 10

20 30

Water temperature (C)

Relationships between water temperature and required time

(1/t hour) from fertilized egg to each developmental stage of

Mactra chinensis. t: hour, WT: water temperature.

_45_



600

o 257 20C 15°C

S

..2 500 | D-shaped o

e larva ?.9

v 3 th

Qo :Io: 400 | v

£ 4 ©

L0 il =

S - Q

29 { Trochophore &

S 5

= 5 200 '+ ]
>

Y W 1 Blastula ‘U

o) 100 ' | (a]

= { Morula

- 1 8-cell

0 1 1 1 1

0 10 20 30 40 50
Hour

Fig. 22. Relationships between required time from fertilized egg to each
developmental stage and accumulated water temperature of

Mactra chinensis.

_46_



xapul AjAnde jeaseq

05 1.0 15 20 05 10 15 2.0 05 1.0 15 2.0

(M)

ion

CPA concentrat

Post-dilution |

O Before permeation B Post-permeation

Fig. 23. Larval activity indexes of trochophore before permeation, post-

permeation and post-dilution of CPA in Mactra chinensis. Each
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"4 CPA HAE - £&5F fA49 TP E E FEHFE
24¢} 250 UERd uiel 2o WP ES EG, MET] BEE & ¥ AF
AZE AP A 95% o]0, DMSOAE 2.0 M A3 ol 4 885~
924%2] TAXNPES YEPA A o, E AFFNA 90% o]’Fe] &
AAYES BHATH CPA HEF - £&F9 FEAZHE T3 DIFA
= ig. 267 Zo] f7to] ANE JFAFHA Lokt I HELS EG
o] & AT oA 20% olstE WEMsIl, DMSOIA & 20% ©%

rlo
2!
@

o2

il

s
rr
e

AE
AYPT BFolA 50% oo FEoldES UErWoen, 108 2T
05 1.0 & 1.5 M AT 30%-ol3te] FEjoldES YEFA T MET
M= 308 T BE A3 FolA 29.6~328%2] HEfo|FES VeI,
10 2 208 HEe BE Aol 20% olske] FEolFES eI

%, DMSO, MET, EG9| £o& gdEe). gt =40 o 2 Ze=
E5tal, DMSOE F57F =i, AF AZko] Aojdrs, FEAe] 444
A Ao FaFe FALH, MET A JAFAR0] dod4E FA4 24
of ¥F& #AE A= Ve

ool A= nigoz GHA WERES 93 A CPAE EG 20
M (30%), DMSO 1.5/M (10+), MET 2.0 M (20)2.2 73}t

DI FA Y FALE S Fig. 2700 - vhERR uke} o], mE AFP T
CPA HAFF stz &% g4 353tk oo wet DI
Ao YErES 23 HA CPAE EG 20 M (30%), DMSO 2.0 M
), MET 20 M (30&)2o.2 dA 3ttt

=X
MNFxN FE52 DEFAYY ¥s 2 5T YEES Table 59
A= EG 20 M (30%) A @ FollA 2.37+0.44% 2] A
&S Yy, DY FAL EG 20 M (30%) A3 FolA 4.72+0.58% 2]

_48_



EG

~ 100 F

N

N’ 80 L

S 6 |

| -
® 40 |
- 2 |

@

Q O 1 1

©
<

v 100 |

n 80 L

9 4w |

9 g0}

C 0t
© 0 '

T

@ 100 L MET
&

o 80 |
O e |

@

> 40 |

@

O 2 L

O 1
10 20 30

CPA permeation time (min)

goosmM EHioM EBl15M E20M

Fig. 24. Developmental rates to D-shaped larva from trochophore post-
permeation of CPA in Mactra chinensis. Each value represents

meantS.E. (n=3).

_49_



100
80
60
40
20

100
80
60
40
20

100
80
60

Abnormality of D-shaped larva (%)

40
20

EG

DMSO

MET

10 20 30
CPA permeation time (min)

gosmM ®E1o0M ®B15M E20M

Fig. 25. Abnormalities of D-shaped larva developed from trochophore post

-permeation of CPA in Mactra chinensis. Each value represents mean

+SE. (n=3).

_50_



_51_



30 min

EG

DMSO

xapul AjAnde jeaseq

05 10 15 20 05 1.0 15 20 05 1.0 15 2.0

(M)

ion

CPA concentrat

Post-dilution

O Before permeation E Post-permeation

Fig. 27. lLarval activity indexes of D-shaped larva before permeation, post

-permeation and post-dilution of CPA in Mactra chinensis. Each

=3).

value represents meantS.E. (n

_52_



Table 5. Survival rates of post-thawed trochophore and D-shaped larva

of Mactra chinensis

Developmental p— Concentration  Permeation  Survival
stage (M) time_(min) rate (%)
EG 20 30 2.37+0.44
Trochophore DMSO 1.5 10 0.00
MET 2.0 20 0.00
EG 2.0 30 4.72+0.58
D-shaped
DMSO 20 30 0.00
larva
MET 20 30 0.00

Each value represents mean+S.E. (n=3).
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B AFlAE APARE 35F 7ol AYY AFEAE A8
o
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Aol B Aol GEY ATHY FES AP thF F5E

4 3 Yol AdEEHE Al MFEMNY -

B
A 5~9e83 HA=H, Aol sty 2o Ay Gl 3

EATAN HIFTH o2 staxste A WEEEA o4, ¥F
AT T AEE TS 2 IS HAE 89 F skt dAEf o
(quality)o] 22, ol & 915k 2o #g B Ao A Al s =
AZE AdeiE Z ezt Atk webs, HA 2] P msl mE YEE,
A EAd F thARE ol sl ARSI

AEELS o] Yol wel 43, 15C 2 20 psudl s 244
R EE H A Az 216A1%ER ol -65.0% 7F A E3FA L, 10 psuol Al
= UAARE HALsr] AlZE] 8AIz A Ol A FA 3] ZUEsEE
o, 96AIZ A o] BF HASIA T ZF, 20 psucl A= AT 2ol & Ko

U, AEE 400 Asste] I ¢ AEo) Vs

N

;

%
l
o
u
o
o
=

10 psudllAl= 24X A FE AEo X2 FFES
o} Shin et al. (2000)> BFA = (Ruditapes philippinarum)< 18C 9] 64 %
128 psudl =EAHS W, 424 6 L 124 =5 FHAATGIL AL,
Shin et al. (2004)2 3 (Mytilus coruscus) X E 15C <] 34 psudl ==&
NZRE o, 8LdA ] =T FHARHIL . &, Moon and Shin (2010)
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2 WY (Tegillarca granosa)= 25C 2] 34 psuol| =ZAIF 11 5 o)
BF ARG gtk F, AFRAE STedAE Masks g FolA
T, Aol tHek WAdo] iAo g ofg Aoz Helt

Aelddel Wsts zAlelr] A8 £A4%F 9= A ke e

o
£

ol Sl & ATh(Yu, 2011). =7, 759 FUte &
To $4 Ee ACERE dHZRE T olFds Yusta, i
788 == EHZERE FH 22029 T olFg Ut &
H A At (Pipe and Coles, 1995). & AFoll4l= 30 psul 4|

A A FE2e FARAL, 20 psucl A= UAAAA Fasis B
<= Holtk 72AREA o A AAIY FES 3 EEAOH, 10 psudllAE
6AIZtA o FT7HRE o] &, 48X Al o|EZ|ZFA] HAF Fadte AEFS U
Bl 5,020 psullAE AGESE US| 229 &4o] AA, o5 ¥
oj3l7] A% Lo dgo T UANIAZA EFT7t £HOE o]FIIT

7b o] % B&E3d Aoz FA"EG. =3 10 psudl A= 6MREA N AdE

b

2E# 2= Q& 771 SAHIAA, olF 4" O F29] olFo] ¢
ot Zlo= Kt Matozzo et al. (2007)> W] UFA Chamelea
gallinas 28 psucll 743 83% S o, 34 psuol F&3F 2o Hls]
F7F oA S/ Tkal 3R, Reid et al. (2003) HFA| 2H(Ruditapes
philippinarum)& 20 psu°l 5573t ¢&3& W, 30 psucl &3 Zio] ¥
f A7t FrolskAl AaFTa stk E=RE, Bussell et al. (2010)2
AFFA (Mytilus edulis)E 16 psul 293 F&3S o, 32 psuoﬂ H|3

2
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HNEAFEEE 30 2 20 psuollA BAIZAIRE AT £3SHIAANE,
10 psuollA= 12AIEA74A] A A5 AEAsEr dasitrt o]f a4
Zo] AFoH, mAY Yz AFH TR 48AMA = ol AT
TgotA FUTH o] FE 7H2H Na' 2 A2 F4FAr=e 22 7
WA, K'Y, Ca®, Mg™'9] 7%, 30 2 20 psucllAl 72A17Hs

ta WAL Be £FL FARIAY, 10 psul e A

Ag 4 ATh(Berger et al;, 1997, Shumway, 1977). =, 30 % 20 psu°l A
o 2] 10 psucl A MEgE=ME |zs B A G dall Addg A
=

Holw, 12413 o] FHHE A sH= 40 AA3] SQ 5ol <53

2A A FE], 10 psuoll Al 1241 B A G il tek ~Ef 2~ 93

)

o
)
2
b
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oM,
—o
2
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o

< HoleE ZoZ AZEM, 10 psuol 484
AST, ALT, ALP, LDH+= <¢Izte] 75 AHAlA &8FHY, ol F
ASTS} ALTE /Y @dHiZ o HA vz EAsta o,

=
A% 9 zFo) &40 AN WFoE fHEc Aats Aow A
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A TH(Casillas et al., 1982). =3, LDHE lUA] A F7|A A=
A ZHgsk, felledod =EHe S0 WS i E Fssts
Aoz 4HA YtHDe Coen et al, 2001; Vieira et al.,, 2008). & AT
A N=FERANY EEZ W AST, ALT, ALP, LDH+ =5 10 psuollA] 484
Aol fFolstAl FEstATE ol An et al. (2010)°] ¥ Z7W(Scapharca
broughtonii)E 25 psu°l G8&3%t= ™, 35 psuol &3 Ziol wlsf &
IOl AST ¥ ALT 557} Asstdthe 239t FAtH. &, Zx70
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(Mactra veneriformis), V2| 2H(Ruditapes philippinarum), 2H(Mytilus coruscus)
o] AtaamFo] @Eo] HoldeE FAasitial T AdE AT
(Lee, 1996; Shin et al., 2000; Shin et al., 2004).

Yol mMiAFE FEAGAA 15CAA 10T Hls] FostA =

HeEEo dubAl AFgHdsE tda o7 AT AEEEE 20 psu
frolstAl astdEd, ole AAE ot
AFS A7) W&l Aoz Bl

ON HztHl= oA thatoAl @i ol @A %2 o] §EI 9lom,
@l A BobdsaE AT (Bayne and Thompson, 1970). &
HAFA ON HAHIE 10C (17.0) 2 15T (16.6)°] B8l 20T (52.5) 0l A1
FssAt o) 10C 15T oA S AfALS] BiFo] FUA7] &

A Aoz Wty ®3h Bayne (1973)°] 30°]3+e] O:N ¥zivl= ~E
25 e AE vetdnga g A HlFe] & w, 20C7 oo H7
FE2AQ ZeR AZdy. dREAdN = FiEe] GoldFE ON

o

Zasle A% Ry, ol AdRdA musl ~EY

THShin et al., 2008; Shin et al., 2011),

ool ARE FHs B W, AFE maE FLERE 20

EY2E A3 AEoE YIS Be Ao HAT X3 10 psudlAl e
12AZFESE e B sRote] BAZYL AASRN BRG] Ll
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2E#H 2o g W&E Holy] AREH, 4AIARE S AARES] Zo]

b ey Aee] AEAvEe} dald #Hol TRy AR

£
I
Qo
>

b old, 10 psu®l A5 12A41%F o) A2 A, 2ol @] ™

Ao A, DYFAYLZ] HAFELS 25C oA 71 =431, 30~35 psu]
HEAAANA 7HEE=A et o= 23C % 30~35 psu’t Tl EEIN 9]
A EA e B d@olgkal 3 Min and Kim (2010)52 Ao} Fetst
Atk E=F, 15~25T 8 N4 Fof =5 24 DA ol2=
Aztol g@olFew, WESH FdE= 32T EZ AAFSIY. o ZAxs
Min and Kim (2010)01 MFEANol A BILsE 8.0T 2F= #ol& EA =T,
ol Z7] TATA HEFe| ZololA 7|7 Zlow AZET
UM AP e ARE ulgor, A 2ANH A& Fdo| Iy
94 CPA &4 AFoA=1FEAY] 45, CPAY
Azl A5 ol Wds DIFAY e
B <= UEhdt. CPA ¢ =42 DMSO, MET, EG2]
w02 A velged, ol & TAulo] tidk DMSO9 HAo] &
3%k Chao et al. (1994)2] Ao} =] Tt

off

bt

N

Hir

-

i

> jgz
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olN
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=
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o

olo] we} YFrHEE 9% A CPAE THEAE EG 20 M (308),



DMSO 15 M (10%), MET 20 M (20%)<, D /42 EG 20 M (30%),
DMSO 2.0 M (30%), MET 2.0 M (30&)< H43toh.

A4 CPAE AET WERE Aol FEAS DI EF
EG A@FAnt sj5F Ik 28y HEEo] BF 5% °ld=
el #Z2 9E8A 75% (Chao et al, 1997), H¥ulgd &2 97%
(Chang et al, 2001), IFZ7} D3 -F4 87% (Choi and Chang, 2003), J|
z/N DA 52% (Jo et al, 2002) 52 Ao}l WwdHS wf o)
etA] 5 YEEEet AYUes H dsex FoA B AT A+
7} 9o Aog ®olth

AR o7 MEXN Bils £ 10~20C 9 WA= 20C oA 7}
& A ARG o] o] FojA = o Z UERGI, WEAS 25T of A]
WA Eo] 7HA A JERT @& #Es A E MFRINL sFAAE

»

ol deadol 9SS, wajel Yy Didkael $IT o
G WA 9 Ao Rl
o2 FAHug, Aol BF AN A 5 AUB Yo} ol=F A
e 1T Bast Ye Ao

=@, By JFREA o] ABF YEEL Y & U= AF
CPA, 3% 2 A% WHES YA Bayo] 3, Yolrt AFEAES 1]

23 A7 AN Y YEEEVIEeS LSt ol Aduy 3 <

B9 AFERAL A28 ST AABTE, AFEF 4] Bl
AT 5 9e Ao AztA
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V. 8 ¢F

B AT Mgz FRES & Zuo 4SS i
, T WERE il ZAEAT

FEo wWE muje] AAY AELLE 30 © 20 psuolA 216AHA 9
Z+Zy 925% 2 65.0% R, 10 psudlHE 48AIZMAIREl FA3] HAE
U 96 A1 A o] B H AFSFA T

Hazol T 30 psudls] 72A1ERF 98 FES FASIAA, 20
psudll A& 24ANZA7EA] A} A AdEs Kotk 72A 7 Ao A

MAAE] FEs JEstHoH, 10 psudllAle 6AZR A F71s o] %, A

o

739, 30 H'20 psuol A BAIZIA R 7o
= A% MAANEYG B0t A5t dTrE AAb dAs
FFI2E 20 psudlA 72412tA ol Rl EHAl S74EA AL, 10 psudl A&
RAARE FolstA F718le 48AZ Aol -F43] F718tAth S
4 9 FZEzEEe AT Ao7E JERA @dth AST, ALT,
ALP, LDH+ 10 psuollAl 48Xt ol F8H o2 F23tA F7tatth.
T2 g R mE B9 AALHFEE FRo] FoldLrE {25
F7hetA L ojate] d&olA freostA Ak
dEYol wjdES 15T oA 10T ol Hls) folatA F7Fsta, 20C ol



S BATH
Aol AHEe 2 25T, G2 30~35 psuZ YERGI, FEHAYS

15, 20, 25CellA F&o] &5 2 TAAA ) o2& Al ARtol

2 A FH A

5

T
CPA H&F 2 &343 24 IdsEES AT AH CPAc FEAY
5

7% EG 20 M (30%), DMSO 1.5 M (10%), MET 2.0 M (20%), D3
AL EG 20 M (30%), DMSO 2.0 M (30%), MET 2.0 M (30%)o.2 A

datsla, WE B ey ATE&L FEANAM 237%, DIFANA

4.72% 2 Ve
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