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VA O AR IS 50T, ARE OB TR E A R
U (U - Ol R, 2009), KPE L KZ
L £ >Tn5b, RTEKELEEAFTSH 54
LR H A (Scapharca kagoshimensis) %, T2 HYE
TREANVIE2WE SN (Hl - NP, 2003),
1960 FF-ARUTIZAER 2 7 b ¥ &8 A T 7 0 S On A
17ib v & FE->TWS (MRS, 2008). oMK E
U CHRUE R A BB DIk A O fl iz i K BE, Al %8
I K ARENE L ON, ZORELFEMIH L &
PREEANOX RN BE L EhTn 5,

BT, PHSHMEZ SO E R T L U 22 B
JEREIZ T, HEEFOITHBIOEK & h 5 s
b3, AYRETIE, EREOKM - $H5HRE O TZEIE =
WS & B/ NHIRER Y v o b 3 T AR O 5 &
WEECE N, EREICAE RS 2 RIS T 5 2
SR TD (I, 2002). HERAKBLICRTE S
727 %) Ruditapes philippinarum (3 ~NWIEEE D FH-4 5

Z & (Uzaki et al, 2003), KEFH L O MERICRE
Fa &NT=T7 X B 7 F Crassostrea virginica DI TIZ,
HE, REBXOEFCEZENL S Z L (Baker and
Mann, 1992) 7Z& E#E 2T\ 5. IS (2009)
124 4 5 ¥ Atrina lischkeana % 1 H 6 W5 OAK & 3K 12
HEZT 2L, BEBEHG20HH LD ANWIEREZ D,
31 HECAE AL 722 & 2L T 5.
BBFEAMIZ X 5 Xh- T EIE, B kdi e 13
75 B ISR AR IS &2 T O CIRER R IS )b 5 @it
WERK>Z EPWmE &N T35 (Hochachka, 1980).
HI 5 P i3k bE e Rtk ) a—7r v &
HRIEE & U TR 217y, Zra—2 1571 &
D ATP 385 7% 4K $ 5. Lo LRIHOMERIRIRE
TiE, FeLTrVa—rrvaEEE LT, s2FT
J—=VELE VNS L T afiliE, Vv TR
U7, TCAMEO—EAWITL T, Fabtrt v
EFLILT =2 1557 &DATP 655 2K T %
BEUITFIRAGH (Fig.1) %1795 232 O&RITEN. B
DK FRITRFZE /=Y~ b ¥ ¥ 3 Corbicula japonica
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Fig.1. The metabolic pathway map of bivalves in aerobic conditions, short term

anaerobic conditions and long term anaerobic conditions. This figure involves
cytoplasm, mitochondrion and electron transfer system.
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MoRt & Ok
HE B
2008 4510 A 1= A WA & 0 FRELL 729 )L K
A (585 34.3 +3.32mm : FH+HEHERZE) %, # CF
£0.5mm) A JE X 20em 128 X 256 72 120L K )
=& % — b BEHHAKRE (Dia600 X H400mm) 2 iz
%200 kA2 A, 2K EF L &2 5 MR T 12
HE, JBRbLA & ClEL 7-.

2. HEME

B 13 RIS TR DK% s iR % v, 7
vaa x4 7 2o R SHEE V2. Hg
Vv vig Vv afg 7L, anslk, Jab

IZHIL AR Y A G0 R EINE L, (KRR EXE L
7o, BAKEIC A AR AR L, —EEEGEHTHIEL
7. FEBRBAMG H O 1 KR R AT X B KO
XOEAFBRIBE B AFITEH N & (6.78 £0.02mg/
L) %R L%, —HARZILYD, ©=—LCTKii%
BoTERT 2B UKBRIREIZLZ HERX
DOGl (Hachtl, HQ30d, USA) TIaA7HE KIRIE N
0.3mg/LATHE TIK N L7z Z & &R L 728, K%
301/ HOyiwE T L, (KFERIC7 HREERE L -
(R FFA T X) . X T3 60 {14 & 245 X & FRkiC
AKEIZ AN, BEFZBELAORDYICZTL—v 3V
IV, W UGETHEAKER L 72, 2 OREOBIRIRE
126.75+0.04mg/L. Td - 7=. FEEIHEH, BRHE
BEXUOMASHEMF T CHE E7V, Kiliid19.8 ~
23.7°CTh o7z HHTHZRIKEIIYILER Y A OELF
RIS L, [RIRFICVEAFIRRIRE 4 DO & T HlE
L7z, F2Bi0, 3, THHIZRBEX B IOHEX LD %
AMARERI L, R, iR, e, AEE, REED
K ORI & A& GHBE, R Z -30°C TR {E
L7z, #%H, BIRBOERBRREECZ ) a -7y
BROUEEIT 72,

X Vg E & O ORI A T 380 Rk
AW,

3. EMEREER
FF 2F v o Kk (W237 X D253 X H100mm) 6 [

4. BRBEEEDRAE
36 N2z IZ DN T,
(FLIE, YLy g,

IR C b 5 A H
)y O, TV ILlE, a0,
Tavx V) OUEE % Inoue et al. (2007) DI
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PENHITE U7z, BRENU 7= R IR BB A (A1 S i O ik 2
A, KU baYyHREYFHA ¥~ (PT3100, Kinematica,
Switzerland) % H\W TR, ¥H—fbL7-. Z 0K
0.6g(Z 81 H D 7% WIE IR % I A T 30 4 B350 47 ik
(10,000rpm, 5°C) L, L %#0.45pum7 4 )L & —
(DISMIC-13HP, 7 K3V F v 2) TABLZz. @k
Withra~ b2 57 4 — (Waters2690, HA D + —
& =) %EHOTA#%ORB100 1 L O A1 I O
EEIT>72. #F 41 Aminex HPX-87H organic acid
analysis column (300 X 7.8mm, Bio-Rad Laborato-
ries, USA) %, AREBOMRPIIZUVHEE (Waters
2487, HAY x — & — 2 WIEWE, 210nm) ZHEH
L7z, 7 AE1360°C, Fidid0.6ml/minlZ3E5E
L, BEAIZIE8mM HeSO4 & i, 22 v 4 —F
ELTCHE®E (ImM), B v Vi (0.1mM), Vv I
B (1mM), 7<) (0.1mM), 27 (2mM),
Tubtk v (1mM) OBEAEAERE HIC - JlE %,
R E RO TEEHENR IS B 1 2 S ERIBRO ¥ — 7 Ol
M ORAHEAROEER1gY 720 DBEE (1mol/g)
ZRM L7

5. JUa—#7LEB0AE

7)) 3= v ERIEHH - U (1985) DO HEICHE
WHlE U7z, RS2 RIc S oMAzmz 2%, K
VhaYREDFAF-FHOTHRIL, 20k
0.3g1230%7KEAL 7 V w AVAW1.5mL 2 A, &K
(100°C) T204yMINEL L 7=. SEICHIMIBRIE S L)
LYEWE0.25mL & 95% T & J — LW 2mL AR L,
WIS B F TN A, 54 [ E O oy B
(3,000rpm, 5°C) Z47-72%IC iS4 HO R %, 5
NG A MASMLIZEL L7, Z DOk 200
pnLACHIAKR 800 L 2 M A, TIZT7 ¥ 2 u vk (fik
76mL, WifE196mL, F A4 B3 250mg, 7 v A 1V
250mg) 5mL ZfA, 100°C T155rMINEs:, 1R
PIE@WHIL, 620nm T ER L. ) a—r Vg
HIIMABEAROEER 14720 0OER (ng/s) &
LTHRAL 7.

6. MEHRTE

IKER TR & DA DA 51— %L Wilcoxon
% (R, version 2.9.1; Thaka and Gentleman, 1996) (2
&0, BARBORELS L) 2 -7 Vv EROAE
203 T OUhdE 4 o At (SPSS 13.0, SPSS, Inc.,
Chicago, IL, USA) 12k D, 5%&HEA%EL L TH
L7

A ES

1. BEBREE

FEERH ORI B 5 IEFIBRIRE % Fig. 21387
FEERIUI & 38 U TR 3R 5805 X O P77l R IR 13
0.35+0.11 mg/LT&H D, IR H A 133 L TK
[FENE S S Y (N EARVA

2. %77

(M R R L 7= LR A A OELERRE D
ZAt% Fig. 3187, &60fftkD S5, 7)) v
U7z 121k 2 B < 48 A CTAEAF 2% L 7z, (KB
HHFELIHH? SNV S, THHE TIZ48(6
TR 28 IR NI L 72, 25 B xIHHIX T & ZFa0% T
T IS 48R T 12 R NWFEL 7248, HEHRE o
R, B 2IKBEOHVEIARTH > /-
(p<0.05).

DO (mg/L)
O 4 M W A OO N ™

Days

Fig. 2. Dissolved oxygen (DO) concentrations of
seawater in hypoxia () and in control (O)
(mean &= SD; n =3 — 6 for each point).

Survival (number of individuals)

0 1 2 3 4 5 6 7
Days
Fig. 3. Number of survivors of S. kagoshimensis treated

with hypoxia () and control (O).
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3. BHBEE

KRB ZX S KOHBXIZBT 2L RT H A D
R 4 A O A5 W e TR BT D I A L & Fig 412”3
)y OdE e VBOHIEMRIEEE DY -2 D4y
HEMBERIZITE L5270 RFME L TEILL 2
(VY IO+ U, ICEE T DGR,
)Y IR+ LY ViiRE KU T v LR TG K R
T EHMORFIZL2RPIEETH 72 (VY I
+ LY VEE:p=0.041, <0.001; 7 < )L jik:
0.005, <0.001). Fuvt i v@gECTIHERERERT

a) M and Pyr -acid

Days
(c) S-acid
4
3L
®
g2
e

(e) Pro - acid

0 3 7
Days

il IR

B X OMEER K L B RK O HAEHIC & 28Ny A
Tho7 (p=0.012, 0.019). L2 LAk
NI ETIEME T & 2O EAERITRICHEE TR >
7=.

4. JUI-4LEE

KR ABX B L OCRHBEXICB 23 LRT 4D
RS ERO 7 ) 3 =7 v EROUERER % Fig.512
R, KB HEFEXIZEWT, 0HHTIZ7.85mg/g,
7THHTIZ3.05mg/g TH -7z, WX IZHWTOHH
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Fig. 4. Concentrations of organic acids in adductor muscles of S. kagoshimensis treated
with hypoxia () and control ([]) (mean &= SD; n = 4 for each replicate). (a) malic
and pyruvic acid, M- and Pyr-acid; (b) lactic acid, L.-acid; (c) fumaric acid, F-acid;
(d) succinic acid, S-acid; (e) propionic acid, Pro-acid.
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Fig. 5. Glycogen contents in S. kagoshimensis treated
with hypoxia (H), and control ([]) (mean +
SD; n =4 for each replicate).

Ti312.6mg/g, 7THHTIZ3.03mg/g Th »7=. —JC
BLE oy BT ORSR, IKBRBEBRORFIEAETREA
Moz, BHFAHEETH -7 (p=0.002).
% 23

BNEERORER, SRy H A 13 GHE R R
Ko TAWIEL, KREM N TOHEwR RN OSERERIZ
1305 T & - 7=. Theede et al. (1969) %, K&
30°CTA T HFA1 44 Mytilus edulis 5 840 fifl, ¥ L
77 A4 Cardium edule 7% 102 W] DR K 785 T2 O L
BANWFET BT EAERLTWS. 74 TIZAIR25°C
THRBFEAKIZIETET D & A8 TR TLEANWEIZE S Z
ERWME IR TS (P, 1998). KRFEBRTOHIL
AT HA OLEANOTEERNI YL 7 4 & RIFEE D130
BEITH D, YRS H A ORI 52
oo “HEBISEWE B L B

KRR BZEL-HLRY A4 T, VY IT@B+EL
YU 7VILBOREIAEZICRSL, Tty
BRI A RIS L 2. R (1998) Y~ r vy
IE20CTIRMBARICHHETI L, BEIHHEFTIEA
RSP L, ZOBMMT 2 ZLaWELT05
PR Y H A OFRIEE 1L, (KBRRRFICLIHEL
KT IER® 5 e, BRKIFIEEC 30 2 RO REZE
&k BEWPRIE SN ZO—F, FF (1998) 1,
KMBBICRBLEY LYY 30T 0 v Bisgid
TR T 14 H & TRIFIICEING 5 Z L 2 W LT
D, 7t VBEOZEHAHIMFER T L~ Figl
IRERRIS 7 0 B VARSI AR O S R G
ThHDH7=0, FORESERL-EHNX -
ARIEERTHILRY TANEKBRERBLTE, 7
- VERICEEE S A ko7 Y PV IF
PRSIFFIRIEIZ 27 ) 2 — 7 G sl 3 5 2 & il

ST 5 (A, 1998). L2LY 7 Y FT 04
Anodonta cygnea % KL 15°C TR R IC#FE L TE 2
VaA—-r VERBIIARBEENER S hE»r 722 &
(Gade and Wilps, 1975) &G hTw3b. —F
Watanabe et al. (2005) (&7 71 # 4 Scapharca broughtonii
37 287 ¥ V& HE LTI OB A2 1T 5 2
EEREL TS, Ko TH LRI ALY a =7
> LIS O HE & FO TR A 47 > Tuy 5 ATREME 28
HFEibhie.

AREBFORER, YLK F A FKEE R L TR
TENDENHEN AT MRS L
ML, PR IFA ORI KD LTS HHET
FEBEKEARBMARL T 6§ (25,
2009), BMEFAKBIZ K ZHHEIZ KD LB EWTE TE
v, —J, BElH# S (2009) &, 44 F7FX%#1H6
R DR RICHED IR L EEH#ET 5 L, 20 HH LD AW
W Z D, 31 HEIZARFERSZNNIEL 72 2 & & Wi
LTWa., KoT, ARRFKIIC K S KRR HHE
R Cd - C BRI E U CRET UL LR T 5
AT e A VRl E BRI 2 E R LT
ELIFI L, NIRRT 3RS E L S h

AREBTHILRY HA DTt vV RIREE, KR
RAEBIHHDREIZ LR U, NWIEEERE LML <
W7z, AHS (2009) IFMERBRFRICEBZ LT VICE
WT7a st VIBIREN ESR U, 3 xmol/mL 4D~
Ok VBN EFIRAEL B FE A6 NS
EREL TS, AFERCABREZ LD LERY
HADT st v RRIEEIERIEX & b CEREIEm
LTWZehns, PARYHAITHEOTE &SRS
EHINTaxr VEBIEPINZE (L E 726 L,
AR A KIF LT 5 ATREMEASRIE X 7z,

) A= v ERANOKERETGEIC L S HEEAL
WHENEN-H, HEICK 2 EERPEENHERESN
72, ZORRE UTEBRHBIP G CTh > 722 &8
EAbNDB. TG HE X T 48 flEl A Hh 12 il A
MANWELZ—NEFEZObND. SH_MEHICENT
RHIORBEFERZIT S GEIC3GH 2175 VBN D B
EEZHbNT-.

P EOKIRE D, (KEERICREFM RGN 3 LR
7 A A TRBEITIRAHNS B0 T RFHic i3 2
MOPIEN LR L, NI LF$25 2 LWL H»
Lotz BHYILEY H AT 5 HEKITRAHY
WREENWHEOBRE X DFEMICKRE T2 02
5.
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Summary

We examined the effect of hypoxia on respiratory metabolism of ark shell, Scapharca kagoshimensis. The
shell samples (average body length of 34.3mm), collected from Ariake sea, were placed in six
chambers (W237XD253XH100mm) and exposed to hypoxia (DO, <0.5mg/L) for 7 days. During
exposure period, we observed their survival and measured the concentrations of respiratory
metabolites (succinic, pyrubic, fumaric, lactic, malic and propionic acids) in their soft tissues. As a
result, concentrations of malic, pyruvic and fumaric acids were decreased, and that of propionic acid was
increased significantly. In addition, the mortality rate was significantly decreased by exposure to hypoxia.
Thus, we could conclude that hypoxia altered respiratoty metabolism in S. kagoshimensis and affect their

survival.






