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Influence of Temperature, Salinity and Hypoxia on Survival and
Metabolic Rate in the Ark Shell, Scapharca broughtonii
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ABSTRACT

The ark shell, Scapharca broughtonii were collected from the Jinhae bay in Kyungnam, Korea
from April 2006 to October 2007, To assess how much they have tolerance against hypoxia
under the compound condition of temperature and salinity, survivorship, oxygen consumption
rate and external features of Scapharca broughtonii were measured, The 7 days-LCsy of dis-
solved oxygen (DO) for Scapharca broughtonii at 15°C-ordinary sea water and 26+1 psu was
1.98 mg/L (confidence limit: 145-2 39 mg/L) and 263 mg/L (confidence limit: 1.76-3.37 mg/L)
respectively, Whereas 3 days-L.Csp at 25°C-ordinary sea water was 3.89 mg/L (confidence limit:
336-455 mg/L) and 4 days-LCs at 25C-26+1 psu was 3.74 mg/L (confidence limit: 3.19-4 43
mg/L). Oxygen consumption rate with each experimental group was decreased during the peri-
od exposed to hypoxia, To recovery, they were replaced to ordinary and oxygen consumption
rate was increased a little, but all died, The color of the umbo of shell in Scapharca brought-
onii was changed dark during hypoxia, These data will provide important fundamental in-
formation for examining the causes of mass mortality of shellfish in the summer,

Key words: Scapharca broughtonii, Hypoxia, Temperature, Salinity, Survival rate, Oxygen
consumption rate
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TZoHe| MET Al O|xlE $2, P8 U KAL) &

ZZ70] =ZFHo] gt} =3 Aol AL olFo| H
2 HFc 8§55 AAATIH, AdUA o2 FTaAl
A Axtio] diF Ag-E FaAe} (DeZwaan and
Wijsman, 1976; Pamatmat, 1980). Herreid (1980)¢]
olstd, Aitiol didt WL I FE A A
o 7L, 8%, pH 2 289 59 873 <&t
Jehloz 2449 Zaed o2 AN 43
FAAEY HAY 8 A4A 9 AXEY 78
712482 42 7 o AU TAE FFA
o] MAAE that 24 FHLE oF FF sFolA
Z 9EA Joy 1967;
Haskin, 1968; Brand and Robert, 1973; Taylor and
Brand, 1975; Widdow and Wang, 1991; Sobral
and Widdows, 1997), AFrAH|E&S Z2AY & U+
ol Bg AdtA BgAAE opd Beusc
AAkar 2 BA: A =9 #F9 A, AsE
2 AHg 2 qF A P 8% A7 Ruditapes
decussatus (Sobral and Widdows, 1997), Abra ten-
1993) 4
glycymeris (Brand and Morris, 1984) Gollx 4§
A3Eo] el =F Yo itart 1ZE deds ¥
JIRAALE olg3le Aoz 4¥A Qrh. EI Hg
ITFALE THAE EXNFY 38xF 2 A
A" A=

Mangum, 1976), Scapharca inaequivalvis (Zwaan

(Bayne, Hamwi and

uis (Wang and Widdows, Glycymeris

Neotia ponderosa (Deaton and

et al, 1992) X Anadara granosa (Davenport and
1986)5 oAl ZolE <+ Q. 3N,
Scapharca broughtonit= &3]3} (Arcidae) HF=E
N Zz dalete] Z2olN $4 50 mAtole] Frl
gl A4 (Choe er al, 1999)8}H, HzFo] Ao

FEHe AgHeE nle Fa3% Folg. A ¢
Ao Aaipol 1998l HUE A%H F A4 Ak
st AL 35%E 7Sstn ek Wz A
e F2 AvdAl slQdt gudie F2
| Goll wigl thah Aole Jou FE 5HA 8d
e A 1 g old WHAA %3 Yo ofdl
g9 W7t ARt e AAolER, FAZI &
Axiqlel Bee gstel thidez a7 Fol Yok
E AF7E F2 3/ A" EsiEE AFE

Wwong,

AESA AES FHol AW AATHE T
48 71z AR BLY BHes FzAd 4T
Je wlAE WAk AW, AelAute, 2 o

PAo ke T AL EA4s

2

2wy

¥ 27N (Scapharca broughtoni= 739 3)aks] o
oA 20063 SYelA 2007d 847hA A7 Ft A
sl AFPAR &7 H 5 t R Isochrysis sp.

= O

Chaetoceros sp. Tetracelmis sp. 55 &L H|EZE
HolA Holg FFoHA AFUT AN F ¥
off AMg3tdct. A@el 28R A=V BaE AR
70.5t4.53 mm, FAdFF 33.9£89 gHth. AT
2 15+1¢c9 25+t1C, & sl (33.5£1 psw)
9} 26+1 psu, £&EAAEY] FET 65105, 3.0£0.5,
1.5+0.5 mg/L2 dAste AP o]-g3}dct. 23
T2 §&3r FeT N9 3718 FHAI7184
A A7) (Istek 915 PDC, Korea)E AHE3to] A3
AP F=E 243, 4Fhd 2 AsHes 3
o, FA%GsE st 12417 (HHeE HEE
& WP, ASE, AAAvE TS SHEY
ot} AFEEL 12417 7HFe2 ARSI APPNAE
Azt  FaiRen, HiEIAL FEE
(Finney, 1971)0)] 2J3to] At&Eslgr}t. x| 4ta
A8]-&-L Orbisphire (MOCA 3600, USA)E AH2-31o]
A8 AFe] §E244A Y Aol AT, &F
FE AEE AaivE 92 gFIA Fo 5L
A5 AsENS AT FAAE S SPSS-
EANAAZE o]-83F ANOVA ¥ Duncan's multiple
range testZ ARE-3I ATt

€
A
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Fig. 1. Survival rate of ark shell, Scapharca broughtonii ex-
posed to different dissolved oxygen concentration at 1
5C and different salinity. upper: ordinary sea water,
lower: 26+1 psu

4 3

Fig. 1& 2 15CdA Yutslisel GF 26*1
psudllr §EAS oo mpE FZz2)e] AEES U
Ehd Aojth, dljsolx &EAAE FX 15 mg/L
o =&A17] A$ AEEL 79 FQ 35%HeH, 3.0
mg/LolAE 85%2] AEES BAor} olF AEg
MAE QutalesE opA] JSAA IE AP F3
9-12¢d whel] B5F Algsie] F&o] BrlEdlRrt. g
H g 26+1 psug BHole &£E444E FE 159
3.0 mg/LojA] FELL =& 59 TR F43 A
3l F ¥k Zh)l fARE S BYoH, =& 7Y
U AEEL 40%E YRR, =3 7Y & AE
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Fig. 2. Changes of oxygen consumption rate(x SE) in
Scapharca broughronii with exposure time of different
oxygen concentration at 15C and different salinity. up-
per: ordinary sea water, lower: 26t1 psu

Table 1. Lethal concentration of ark shell Scapharca broughtonii
exposed to different dissolved oxygen concentration,

Water quality

Individ LCso and 95%
DO Exposed
-ual Temp. . Salinity  confidence
(mg/L) pH period
size () (psu)  limit {(mg/L)
{(days)
1. 98
> 79 7 335 198(145-2.39)
30 adult 801 15 - 26410 2.63(176
6.5 801 == .63(1,76~3.37)
1.5 8.02
3 335 3.89(3.36~4.55
300 adult 799 B s6k1e 3.74.19~4.4
6.5 8.01 +1* 3.74(3.19~4.43)

Asterisks(*) represent the values of 261 psu

g JIAE dutslez Adsto & AEE 2 o
Bhsfjapoll &A1l E viR7HA 2 25 APgsle] 3
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Fig. 3. Survival rate of ark shell, Scapharca broughtonii ex-
posed to different dissolved cxygen concentration at 2
5C and different salinity. upper: ordinary sea water,
lower: 26£1 psu

Ho| B7153lgct, & 15TColA 79 Fete] §&E4
Zofl g WAl FEE dubsleet g8 26t1
psuciAl Ztzt 1.98 mg/L (@A 1.45-2.39 mg/L)
9} 263 mg/L (AFHFA: 1.76-3.37 mg/L)E JeEH)
o] (Table 1) @&l g §E44 YL o3 A
ol(p <0.05)7} A= ALE eyt

Fig. 25 2 15CoA g £&44a Zad o
2 gzle Abarin|gel whg-g Jehd Aot ¢

- £2AAFE 15 mg/ldd =28 JlAle] At
22HEL =&V AE Aisigon, 3&A
7= ArAAHELE FEE 93-S JEhi A ety
My 224 ¥5 30 mg/ld =59 FlddeE =
Z Z7e 15 mg/LY ZA5-4 mR7tAR 4kaa]
£o] Zasly =& 7IZHEe diEzFol vls) 58-67%
9] ArAAH|EE AT dRrEE 23Z3gloen, 3

gl

g
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>
>
1o
09
ook
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Fig. 4. Changes of oxygen consumption rate (X SE) in
Scapharca broughtonii with exposure time of different
oxygen concentration at 25C and different salinity. up-
per: ordinary sea water, lower: 261 psu

EAZlde AdLE A3 AR o) Atasw
o] FIleke e veEidg. @ JE 26+1
psuel =&9 Ade, 74 &4 TR =5Ho
R FUdAE Adadivgol o 25-45%3AsleH,

QutsirE ABAZ HABAVIAE BA Frske

£
>
2

psudllxy] {EAAL Ao W E AEEL YE

0O
mg/LollA 39 T 20%ew, & 14R 2T A}
gsto] o] LE2AEA0] o] ulg kst Ao
2 Vet 98 26t1 psu dFe AS, AEE]
dutslroll =2A171 A¢EY ti 2o, A=g
L 49 %9 3.0 mg/LolA 20%, 15 mg/LoAE
400Gt ArFsEE Qutssdld 3 days-LCso0l
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3.89 mg/L (A=A 336-4.55 mg/L) 2gal 26+1
psuclld] 4 days-LCse2 374 mg/L  (AZF3HA:
3.19-443 mg/L)2E Hutsj4e} 26+1 psu 7He]
o) Zol(p €0.050F YERie Y (Table 1), 3E
2-3U4 25 APgsldct. A 15:1¢Ce} 25+1¢Ce] F
T27He] AitAol &g JIFE 25T oA 3
on, 429 9§t F43 Aol (p <0.05)F HIH

FZ 25C-gutdlgoM, &AL FE 3.0 mg/L
ol3} AitAie =EH P &Y TR AAY
o] AAAH|EL FAAdtgon, =277 39 F¢t o
ZTe W3] oF 75% FAAstgen, gkl 26.1+1
psudA 3B|EBAZE AALHEL ZAE HA F
APEsE ATt (Fig, 4). EgF G 26+1 psug Zf-ol=
>E717Ed AAARAvEe] BvEg #3lE H e
o, d¥ksjeR ASAF ZEAZE AAAEEe
Ao, A& dxTo HE o 50-75%%
t} (Fig. 4).

i -

2 d7e I FAAdA #AE F2 gl %
Ao A529 FAF 43S sty Rtk o
g vzl AYH vg 2 YAE AR 137
AAHEAE 27 A% J2ARE 8831 A
3wzt WE 7o vk IS FAsH] A
st FYFEI UARE FARAPTIEE o @l did
AEA 2 HgAATEE A7 Hstoq AEE, 4
&, AL, ZZA5HH 93 asAA 2@ Aol w3
T YT SHA QFHOAL ot Aikax I B
A 5" e e, AsiEtE whg 2 g
T 93 ¥FL Ruditapes decussatus (Sobral and
Widdows, 1997), Abra tenuis (Wang and Widdows,
1993) ¥ Glycymeris glycymeris (Brand and Morris,
1984) FolA Hixi glow tigst sF M) o
stod Qetn, AEst7] Y8t e PF £ A
A3}slA EAS o]83Ic} (Laudien et al., 2002). 9
EEH, Mytilus edulis (Jorgensen, 1980)% 33}
z9l S99 A sl e v B
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Boln, vtH Donax serra (Laudien er al, 2002)+=
A L 3l =HUS 45 AE BUY
2 YUoAY 7S 91 £3E WeR Yo F= W
= Ho|Zjx gt} o7 AE AAMAG wiEdF
(infauna bivalves)o|x Ay A3 Fd J|ZHY
Shumway and Scott, 1983;
Scrobicular plana; Oeschger and Pedersen, 1994),
2 AA AitLd =E3A7 FzjdME =FE
AlZbol AAdaE g da e o] ##FEHg
ok ol A FaBANAN olE9 YAES W i &
23 W AAE HU2 &8st dAFYU AEFE
Aoz oAAAY.

dubsfret HdE 26.1+1  psuelr "R,
Scapharca broughtonii®] $&4 A0 Tl wbgX|AL
FTEE FL 15T A, 79 Tt 74 1,987 2,63
ppmojed, F£& 25T oAM= 34U F 44 3.89
ot 375 ppmoE L ENFH iR m9,
Tegillarca granosa= & 25CoA 459 =577
Eo} 1Csp2 1.13-1.24 mg DO/L (Shin er al, 2002)
Ho} v wAdo] Wtk 83 27k AAske vhA|
2, Ruditapes philippinarum®| 735 48 23TColA
6 days-LCsp2 2.40 mg DO/L (Shin er al, 2000)0]
o (Sobral and
Widdows, 1997)8] A= 7-12 kPa, 28|11 &
&59l Theora fragilis= 13-1.4 mg DO/LAA 49
T AEE 80%0lE HusHs Ao H|FolHW
2t A dJ2A7} F71xF0 A 20 A4
sk difell wlghke] §E:AtAe] digh UAdo] vig- <
¢ AoF FHo| Hr} A vz §EAL T
¢ L H 9EY ERAYU I vn di digH]
AP FEE 25T HE 15Tl Bn JEIIRE 2
o] Aggo] §ELAL YA uX= o] AAF]
Ak, 53] JE9 9L 25T-Qulsied wld 25T
261%1 psus| NPT HELo| Egkort, 3
EAIE 2-39Ul 25 Apdsle Aeg Hol, &34
X 3.0 mg/Loldlell =& E Al F&o ARl
BINAR 3EsL7] P& Ao AgAZI

AEA S dAAREEA o]fHE Aadve AEF
o2 ZEHXE HA Jv AEANAM od¥ 71A FH

(Mulinia lateralis,

Ruditapes  decussatus
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m|Z=oHe] WE2 Al o|X= 2, g&

2 s}l (Sastry and Varge, 1977), ©}st 373
H3le] 2EH A =EH AEANN HAELHELS F
7VstAY ZHAstn] wkg-git} (Almada-Villela, 1984).
F23 FEYE WiaEsM Iz Ataidle
HES-2 AtA =FofA AlAAdv|&ol ZHAE, dul
Mz AAZ Ay G FUtete FHeE Hof
Anadara granosa (Davenport and Wong, 1987)%}
2ol A f&|A4A Z-EA (oxygen-regulator) 2
Erdd. §&444L 2EAE 447 128 sirdllA
259 AAaanEE EFEn, ALE 47 ol4F #
ATk (Bayne, 1973), T3t Aitho] =&EAA 7iA)]
E FAY ¢ AEsE o v AR
Aet-3- (oxygen-debt response)2 AAbAof ot Al
Ad HAE w21 BHHoR 3]E357]¢g 7o
T} (Ellington, 1983). 12jv} & Aylx Hz7]9
Beol= AAFE 3 ppmoldldlA =& A F
50%0)4 Al T 3BAIZ] A9 AEAAEES FUHA
710 AbARA o] o3 3ERFE-S Koy Ay BF
Apgs Tt ol &I AitEkAME AC 5 9
AAIAQD Az AAbo| AR 50%7F AVgele AlA
Avd dAH AE AR F=3 2EH2 9
o] ZAst7|T AAI}t H=siA ARE Ao
oA, 53] Aia =& AYUIZHEL 2
o] o e #F 23 HAZe] A FEeol HAA A
slelden, A wsist & 1~-39 B FRE AY
871 AlFstg=d olEdt A A4kAFel 9% g
Z/Mel dHAY ARE AT £ IS AeR oA
Ao, olgigt @AM WAUELE F ¢ Hdg 97E
3 iAol & Zew HG

W S o rfr

2 <

= zIlel §&4t4e] digh YAS F9H3)
B Ragrel MAshe HzIlE dide
ol gt §&84kx T &G, Ak
2 e A3 5L A 9329
Atao] tig LCso 2 15T-Yubslet I
psuollAl 794 F<t 242t 1.98 mg/L (A1E]SHA:

oo I )
N o rlo
N
A

o
N
H T
— 7

p
Rl
>
k>
1o
08
oQl

1.45-2.39 mg/L)%} 2.63 mg/L (A=A 1.76-3.37
mg/L)At. FHE 25TC-Gutseel JF 261 psud
AMe 27 389 mg/L (AFHA!: 3.36-4.55 mg/L)#H
3.74 mg/L (AZ3HAl: 3.19-4.43 mg/L)o= 31429
A &AL YigE WAdo] ofg Aew eyt At
Aadled EE A¥TdM AdLE =270 7
aotRod, 3E7beAHE Sstr|ste] dukseR
ASAD g eSS S7R7IN AR A
o 3JENIEZ Hovt 25 HARIGH. Atk =
E7RbE H AN Azo] A wslske A
o] #AEHUY. o] Au+ FH FJD HAALEYI 7
= % 7IxAEE 888 F Y& AR oA,

2ol e

2 d7e gy deEAst g7 AE  (RP-
2008-AQ-019)2] A o) F3Y=AFTt
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