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Effects of water temperature and salinity on oxygen consumption rate and
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Abstract ; Intertidal oyster ( Saccostrea cucullata) is an important cultivated species and macro-fouling organism in the
southeastern China Sea, and it is an important model organism for studies on shellfish physiology and marine ecology.
Oxygen consumption rate and ammonia excretion rate are important parameters of shellfish physiology and metabolism, and
can be measured as sensitive indicators of pollutant toxicity. However, little is known about the effects of environmental
factors affect oxygen consumption rate and ammonia excretion rate of Saccostrea cucullata. The effects of water temperature
(13, 18, 23, 28, 31, and 34°C) and salinity (18, 23, 28, and 33) on oxygen consumption rate and ammonia excretion
rate in Saccostrea cucullata were analyzed using experimental ecological methods. Oxygen consumption rate varied from 0.43

mg g ' h™ t0 3.15 mg g”' h™" and the ammonia excretion rate varied from 72.62 wg g h™' to 1245.77 wg ¢ ' h™" in different
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water temperature. Water temperature and salinity significantly affected oxygen consumption rate ( F=60.440) and ammonia
excretion rate ( F=61.083) ; additionally, the combination of water temperature and salinity affected oxygen consumption
rate (F=4.907) and ammonia excretion rate F=11.412). Temperature varied from 13 to 31°C and salinity varied from 18
to 28, and the relationship between oxygen consumption or ammonia excretion rate (Y) and temperature ( T') and salinity
(S) can be represented by the equation Y=a + hT + ¢S + dT x S. The relationship between oxygen consumption rate (V)
and water temperature (T) can be described by the regression equation: ¥ =ae"”, where a ranges from 0.1378 to 0.2117,
and b ranges from 0.0757 to 0.0912. The relationship between ammonia excretion rate (Y) and water temperature (T) can
also be described by the regression equation: ¥ =ae"”, where a ranges from 20.364 to 30.634, and b ranges from 0.1044 to
0.1341. The atomic ratio of O and N varied from 2.20 to 7.78, with a mean of 3.81 to maintain standard metabolism in

Saccostrea cucullata.
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G405 ( Saccostrea cucullata) )@ T HAKRZIYI1T ( Mollusca) 54 ( Bivalvia) AHWEFEN( Ostreidae ) 415
J& (Ostrea) , FSRINEE P = ZEMG S8 76 AT XA A L, S 38 R AR R Vi o 2 A e e kg | [l st 2 v
VSR A R Y R TTVRE R  AE EEERAL RP Y R IR s Sk AR R
RHE ONT RN KFem ) AESERA: Wp2F O T A0 98 © A 4508 , (6 R Rl A= BRI RO O 2T WERM B = A0
A0 5O T Rt R MR A A R SR SRR ST MOoThe T R R I LB K S BIFIE

X WA AR S RGN B U 58 o BORMR I R HE 2 DL A A gt 1 A 2 35 3,
FEIRGER T (AN B ERFE pH 55 ) FINTE R 7~ (AR 35 BIRRASSE ) X W A (4 52 e AN ELRESS 1 ik sh )
{14 A AR A A A S et o PR BT 38 MR L 78 F AR DX R X DL S FE R HE RS AR A B B8
3 H B T AR AR AR 3 SO R S LSS D 2 A 2B BRARRAE A BE S WL DL 2K 5 PR B AR Ak 2 ]
FIAHE IR EET, [ AR L SE S I AR D S 2 g LR A AR I TR B R )
F LT DU ARG 3 1 e L5 DL HEHE S 0 (R AF i 17180 (R o SR e
IKAEY AR AT T AR WA R 2R TP b 0 % B R AR SR S0 R 22
B 7 R T LR AR R X R MR O WA 5 I E) 52 0] AR A 0 A i RS T Bl ) AR A A Ry
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FEMEHEAE 3—4 H 03I G2 1L A SR DX 2R REARI 14 RIS O BR Sh 7 e B A A Al I S 30 =, Pk
TE R/ INEESTRR IR BRSSP AR Il 375 3 05 2 1 (B 26 40, A R BK A h B 9%, Bk AR U 43 A
MR A SR, AR — KAk 1 IR BT IR RN A 7 K SCEHT 24h 45 R
1.2 Jiik

SESHEK PP UE 5 1) A SRTEE K, TR A K TGRE h (KR 25 FR 2 S00L) |, FH HAL I 4w fin Bl 15 3 B2 | 5K
FhE 1—2°C , B /K RIS 19 AR K IR 6 5, R R THRE 1—2, MK HI 204 M e 5
MAEEER 12h DL SRS #7000, I E 6 MR BERS AL . 139C (18°C \23°C \28°C \31°C \34°C , i # 4 M ELERD
J& .18 .23 28 33 AN EE A5 (4 T I HEAT 4 A EREERREE 15050 JETF R 24 15000 . SCIO MG A A5 R B AR
SR RAE 2d VA ETJFRRSEHG

S R WE A WETR SRR A T HEEAARTRZY SL, R 10 1o AR T R 3 B 4 0 o o e 0 oot
TR TGS M 174 DS BRXHA A e SR 5 RO EERR I 1, RSt E 3 M EE IR
X BELL (AN ) 3 A KR E i . AT DLSe sk e i sStEA T o, S0 2h J D S 56 2H 7K R 1R 5 i 40
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(DO) &R (NH,—N) He & Ft i i AR FH
1.3 BEab s 5y

SR F Winkler AL 325 0 7 5 A 40, R FH TR R M S8 A 72 0 8 0 )l OKFPE R 2485 0.45um 19 GF/C it
U ) TE S d AR RO S M IR G (72 1K (SL) |, SR fire ) B 4RSS, 7E 60°C FF 4L+ = 4a &, )
L R OP 0 R B ARV (W ) AR T (W)

SEHRTFLATT M AE 3 0 MO i i A M BIRE . SEIRZE RS AR I I 55 0T RO DA 7K AR 1 325 e 4
A AR IE 155 1R R A ()RR SR AR

OR=[ (DO,-DO,)x(V=V.) 1/ (W,xt)
o, OR AR T EFEARE (mg ¢7' h™') , DOy AT DO, Sk 5 50 25 3 J X6 B AN 2 20 7K i i DO 5
(mg/L) , DO A XF BZH DO B F-SAME, V I IFUOR KT (L) , Vo G IR W AR ER W, S £ R 5 23R T
(g) ,t HEEHEFE Ch)
NR=[ (N,=N,)x(V=V,) 1/(W,xt)

A, NR AR T EAHEZ R (ng g7 h™') N RT N Ry SEE0 25 T Xof B AN 22 20 oK 9 NH,-N ik
B (pe/L) N XTHEZL NH,—N () F341E

S8 B YA £ R ELR (Mean+SE ) 27, B S5 Excell FANFE 48 5 ] SPSS19.0 #f# 4748 43
Mrab B (B 2 7 225041 ANOVA Rl 5 508r) o

SO G DR LG () 2 2 2 80 (Mean £SD) : 584 (37.61£6.21) mm, AR 5 (8.86+2.63) g, F Ak T H
(1.96+0.86) g,

2 #R

2.1 RS T R R A 5 A A 1Y) R ]

SLHREE R AR 4 DERERREER A IR A W FE A
R AR S o — 3, BT 13°C B Jefik, B %
TR TR T TH s, 3] 28°C B 31°C i H IR0 A, 1R A
34°C I FEARRIE TR, B 1At R W5 AR
R N 0.43—3.15 mg ¢! b, FeAR A 1 BLTE
13°C , Femn (E M BLAE 31°C , ASTRVHR LI 38 M 41 45 1 €
FURMEIIE ] 0.51—2.61 mg g™ h™ WEfE H IR 7E Y - )
28°CHT, BRI ZE Iy 2500 ow | S IE A Wi ke %2 1 B I Temperature/°C
HOROM B # (1= 60.440, P<0.01) , AUHERFEFIHS) B 1R R E R A TR R AR
Bk 2R ’ FETRE 13—31°CHu N ’ TR R4 WA AR T Fig.1 The effect of temperature on the oxygen consumption rate
JIE 5 S PR O InY =Ina+bInT (Y =ae"") (1),  of Saccostrea cucullata in different salinity
Horb a BYIBUE TG B K 0.1378—0.2117 b AYIUE I
0.0757—0.0912,

b R 1 72 A 6T AR R A G AR A R AT S ), AR R 2 B R B T e FE R T R AR AR T R B
S FEARE T e, AR T Wi FE R (538 1.36 mg ¢ h™' [ 1.31 mg g”' h™ [1.77 mg g’
h™'F1 1.67 mg ¢™' h™" BRI 220 W1 R, & ER B B P AR SR 22 R B 3 (F=1.391,P=0.253)

2.2 R T AR R A g e 2 1) R i

I 2 AT DL AR W HE 2R 5 FE EUR I R b fa 3 AR — 25, TR AR HE R AR, IR AE 13—31°C 193
FEIN T, HEZCR T TR D 34°C I, HEZUR T RE A4 MR AT Wi HE 208 19 A2 fE J0 ] 72.62—1245.17pg ¢
h™" U BUAE 13°C A 31°C I, AS[FIVRLEE I, (84 B W5 HE 20 R 0 AR (68 Bl R 114.08—904.99pg ¢ h™' IE(H

FoEE

Oxygen consumption rate/(mg-g”"-h™")
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B 28°C I, BN R TJ7 22 0 M 2R s, T 38 X484

I HE R § 3 (F=61.083,P<0.01) . Rl = 0 [
FHERPERIE ST % B0, (08 R Y, SRR 2 0 |
5 IR B R EOE (6 1), e a RGAEE  § 1000 |
H20.364—30.634, b HIRLIEEE N 0.1004—0.1341,  £5 01
A IR TR R, R 2 T
BBEETT , MR WARE R R A 0 31 380.58 pg g h', S 0L
477.54 pg g h™' 503.85 wg g~ h ™' FI1556.48 pgg ' h™', 2 '
HLH AT R 4 SRR TR R R I Temperature/C
F=0.928,P=0.432),
( 23 ?ﬁg%ﬂﬂ;};@i 928 T A T S RE AR % 5 SR 2 REXNAELEEG T EEHRHEE R
—_— Fig.2 The effect of temperature on the ammonia excretion rate

of Saccostrea cucullata in different salinity

A BAS B E AR (Univariate ) 5381 3% B - 16— 22 1
JEVEE (13—31°C) MIELBEE N (18—28) P, il 3 1k JEE (19 52 B AR I 4 i W5 A #E 50K (F=4.907, P<0.01)
FHE2 AR (F=11.412,P<0.01) SR B (£ 2) .

x1 BIEHGPREXR HESX5ERENEEATE

Table 1 Regression equation between oxygen consumption rate or ammonia excretion rate of Saccostrea cucullata and temperature

[ BB 2 Fa
Index Salinity degree 4 b R F value
FE K Oxygen consumption 18 0.2117 0.0757 0.7477 30.208 **
23 0.1378 0.0912 0.8535 94.410 **
28 0.2069 0.0900 0.8117 62.373 "
33 0.1769 0.0907 0.8820 52.315*
HE4 2 Ammonia excretion 18 30.634 0.1004 0.8150 145.337 **
23 24.070 0.1214 0.7531 54.204 %
28 29.383 0.1145 0.9651 81.566 **
33 20.364 0.1341 0.9602 90.847 **

 RRERWHE, « « KRERWLDF

®2 BE BEMEEHGFREZSHESEENNZEERRE

Table 2 The test of interaction of temperature and salinity to oxygen consumption rate and ammonia excretion rate of Saccostrea cucullata

FEER Oxygen consumption ﬁfﬁ%? Ammonia excretion

KR Py AN (T : N R X X
i A v N S U 75 S N 2
Soucres Type II Sum of . Type 1T Sum .

) Mean square  F value Sig. . Mean square  F value Sig.

Squares of Squares
IR IE Corrected Model 32.793 2.342 53.715 0.000 4575223.597 326801.685 66.409 0.000
B Water temperature 27.824 6.956 159.519 0.000 3964428.735 991107.184  201.403 0.000
£R B Salinity 3.257 1.628 37.343 0.000 161507.007 80753.503 16.410 0.000
yE BE y £ pE
I .. 1.712 0.214 4.907 0.001 449287.856 56160.982 11.412 0.000
Water temperature Xsalinity
%2 Error 1.308 0.044 147630.308 4921.010
SHIEIE Corrected Total 34.101 4722853.905

FE IR ST B ZE 1T ( Linear Regression) 7347, #6583 (OR) HEZ(% (NR) 5B (T) MR (S)
1 ek M I 7 #2493 51 4 . OR = 0.631-0.0707-0.016S+0.006TxS ( R* = 0.883) ; NR = - 133.376—15.305T+
14.0145+1.227TxS(R*=0.872) ,
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2.4 EJE RS EEHDEHER O N ER

AR LS S HE I 0 T AR BRAR AR, R 3 FTLAE Y, R4 WP HE Y O N HUTE 2.20—7.78 2
], SF-2{E R 3.81, Horfr O N FRl L i T+ BN IO 28 4k 1 Bk B 1 T SoR L i, Jr 2=
ST ARREE RN O N A 255 (F=4.459,P<0.01) , Z 5 AR IE TR IR 44 F (13°C
FI18C) Y O:N b, EREEXFYRRIIEILHEM O N AR A 138 (F=0.800,P=0.498) ,

R3 TRBE . BREHETESHGTRASTH AL E

Table 3 Ratio of O and N of Saccostrea cucullata at different temperature and salinity

FNES HJE Water temperature
Salinity 13%C 18°C 23%C 28°C 31C 34°C
18 3.80 6.09 5.31 3.28 2.63 3.85
23 5.97 2.20 2.25 2.46 3.06 4.40
28 3.90 7.78 3.17 3.42 3.36 2.31
33 5.32 3.42 3.85 2.84 2.30 4.47
3 iTig

3.1 JREEXE LSS i ) 5

FEACRAHEE R R S A AR A B8 AR, 78 DU A RE AR A HE R A B T T e T DB MR Qs 3
AR R RS TR a5, BB S I BR B8 2% (e LA BRI sh B 20 DL SR AR IR sy, T S5 g D 26 A 3
G B FEEIREE R 2 5T A 30 DA Ay T B o DL R S AR 2 A W i ) SR 5 B T R
ARG B, 7E K TR T 28°C B FE SRR B /K i A LTS48 1 T HERUR B ST SR MG, 2R gt
X FTT BRI S % B, 15 R T RE ECR R HE ECR it S R G R FE SRR R R AE 18°C %, 34°C e, 5K
I A7) X AR I O BAE 5 e 26 I, R SRR R R Bt TR B A T R it L SR, TR X R R R AR AR I R
MR —F, MpLrA S X8R P RV b DURFF 9% 26 A, 76— 52 T 38 VU 11 P, 6 SR Bt T 1) v i
LoKIRAE T 30°C I, FER R T M, HE R W5 TR TS Rrse g, T AR X ASFLE D5 & BR, 7F
8—23°C [A]AE S R ANHEZR S /K TR T v T 384, Y IR R 3 28°C BFFE 0% N, HEZ0R I, Rl IR % - T
FEACRINBL AT 8500, HEECR A LA A B B 5 AR KR 20 SR, SCIfF AR 45 B G i 7 i A TR,
FEAECR AN HEZ R B IR 3 4 T T T, WA ML IR AE 20—30°C Z 8], 78 30°C LSS B & RS ETF, Wi 24 T %,
A YRR PG it ot T LR P it R R R 3 L FE 10—20°C , FE AR B /KIR 19 T i, 2
Mt 25°C LIS FESCRI TR, HEZERAE 10—20°C 0] A28, 76 25°C J5 @RI AR hn, 2 )5 TR, 2R
A5 o IR B 3 DL AR 5 2 T, R AR SRR HE R K Bl 0 1 T e T G 0, 7 15°C iR B B K AE, 22 i Bt i
AR FH AR TR /DN, T A A5 2 o vl T R 5 6 I, R R S B 2 R A T v 1T T, Y TR R 23°C ) B
R FE W T M R AT, HE R B IR AR (bt 3 SRR R AR (L 3 — 3,

ZEA TR TR X DL 28R R A HE R AR ] LR BN =B o, — RAR SR M HEE R AR 5 i
SRR R AR EIHm E T T RHRECR SRR SR OC R | 1 RE A RN B AR A B K B X, R4
RACREIREE I T, B TR | B R A TR e =R RE SRR HE S R xR AR A B
KR, A BTG TR, ASSCHR AR g () AR SR AR ZCR IS Bl TR L T I SR K B B, e L
13—28°C i}, FEAE R Bt iR B LT H i b T, (HR B A 28°C J& , #E A R AN HE Z R 34 T M HH ., 13 150 PR L e o
28°C J& , Wb FAE RAS AR B T I 45 0k . — AR T, s A 2L e B R PR e, ARk
DAY P T A 2 B P v e, DTSt 1 40 SR A 3 7 ST, S50t I AR A B 5 4 o W PR R S, el
S A B R AL, PEIR R RISHE 3 T R, 1t AR T S A sl R 0 DRIk, AS TR DL 2K R AR £
FLE B R AU R 2 | (EUAS TR Fh S 22 18] (4 28 AL R A IS AR [, X Pl 22 S R iR T EEIR AR
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3.2 EREEXF DL PR HETHE Y 5 i

R RIGFEAS RGP REEWASE T, 2 DI2ER 5340 AU AE ST, £ B AR b X D1 2SFE S 2 A HE
SR W AR IR AN, XSO RS T Ak 6 e A R RE SR R R HE R A, 25 R B, e R R T
F A R R SR AR RSN A WA BAE 18 B, SRS Bl 25 £5 5 B9 T M R R, Stickle %5178 i 48
G DU ( Mytilus edulis) WITFFE R IT, FEERBE 10—30 SEHIPY , #E R R HER B ORI I, 2 7R 452 X4 R
GERIN, RSB AR BE 09 FH S G0, 76 27 Bt SR, B Jo AR A0SR BE R B2 ) T e 1T T R B o R 2R 1 52
M) 5 0 HE AR S R S AR — B, SR HE S50 R K VG 1 IR WA ( Spisula solidissima ) BOWFFE T K BR, fE3: ¥
19—43 JEFHP, B RFEACRAHEZ R AR R B TH m M K, R KRG 2 N, B s R ik
(Soletellina acuta ) FW] , FEA R IE £ BE T+ = G0, 7EERFE S 10 IR B RAE, ML 10 I FEAER
SR, 2RI Y = AHACR AT PR W 2 W | B AR ARG, RE SR I AR, 7E 3R 20 I3k
FIRAR, SRIG B Hh B AR S AR AR SRR A LT, WG R B2 0 B AI, b At HE 0% L0 AN ) 2 B 1) T
15, FEFREE 20 AR BB, SR A B ER B I RR SRR AIG, HEECR R IR BE AR, 22 &8 E he M sk 2 30, 7E
18CHEE R MHF AT EAL, 7E 34°C I i = , FEEUR AHEZ B B = Se B ARG T 7EER B 31 B R R/l
(B, 7EFRE N 41 B A KA, Farmer 252 BF5E 13K Acartia tonsa W | FESAR AHER R A0 BLER T 451 F i
1%, 258 B T v sl B AR RE S R RN HE 2R B T . AR5 2 B, 0 B0 06 1R 5 03 R R 2 5 i 1) 22 £k
FABIEAR — 5, PRI R ER R R X, E R )5, A S ) A R , 2 T 45 o ST YT 05 A I 9 36
W] ZEARER NG T (5—15) , FE ER B T FB AR HEEURIY TR TEER S 15 R Rk, AR5 G $h 5
HY T FE AR HE R T = AR, HR AR

2 3 S D0 2P R HE T A e e o A 2, HERH A b R S B R LR i TR ) B S Barber 455 XIS
A DU R B FEER B 17—34 Ju Bl HEZ R BEER B i T = 0 R R, AR 3 DR DL L Bk B e
ACRRIHEZOR AR, R e TSR B8 A, U 2N AR /D i Re s e i 4y A S 2B 3G 3l Y3 AR
I RN IE AT, A AR5 08 R A ZHFE— 2 e i, S RO HE M TG R . A 22 U R IR 5
SO D e sl E KA, NITIRAS T A MRS SR B K i se e, AR DUSOR 2 AR ER s i A . 2B T
e 1T (14 A B0 1 B R BR B AR B A28 A L e A RS o B R A A, D28 T8 8
W ENUANIAEE — N 2 R R, /MR IR EE rh 3 B2 AR AU, B AT AT LAGH 3ok 980 1 AILAA P I 125 22 B 1R B
HHE /N F A MU R AR N 38 15 R B8 Ak, DA T3 B R 4 125

ZEAIHT R B, TR R X R R W FE SR R (F=4.907,P<0.01) FIHEZ R (F=11.412,P<0.01) By 54
FEAEEN A HAE T BRIRBEFNER BE AL 520 DS 0 W A HE i ) R R A AR 22 IR VEORMR B pH Y 1
SRR N PERR R B R AR, T 954 g K B, T T IR A S A R R VS B DL R K S A 0 )
AR W, I, DRI HE 2 2 i A A i B 2 — PR R 3R S8 i o A — i 2, R 3 A
5% DR~ DL S A3 7 1 5 M R B ML, 75 2 N 222 BHR AR,
3.3 AAl

DU DRIk AL &9 . BRI AR (B A HERE R R, AL (O N) 7T LLRAE S W i I i 251,
e Sh A 1 R RS T R PN BRI BB R P AR I A EE 56 R °7 L R IR AR R R TR L i I 4 B i 52
Bk w )z BAN, E A S ER XA LA B AR G, A A AR nT LAAE Ay A A3 7 R g )
Fohmz— 2 AR S (AR 4 I SRR AT, I R AT BB R g DU R AR AR
FHE D20 AR TF AT AT G W AR T 08 W 7 ] A P R i 4 G L, L e i A AR L A AR Tk
YRR 3.04—10.27" ) FRA b2 S S DR, A0 R Ok 54 B 0 Ay 8 1R M R AR R 2K 2 b T R
A BT AT SRR 32 B S0 FEIASE (0 38 50T 0 HE T SR A AR, AR AN 8, AR SO R R . A I B
AR, AR A Y U R L e B IR B ) LT SRS N RS T B SR o AL IR, X
558 A g R T 4 SR b T AT A A B 5 — K, 2 IR I AR L R R AR AR AR ROk,
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IR A WG T S 2218, B RS 7 2 AR A BRI R R TR BT 2 ok A AN A e g,
SR L AR, 3 55 DL 238 52 S 30 ATIE e e 1 P9 2 105000 B B R 1) A BRI AR I 451, 5 Marcela
AR AU L AT LAV S Al A B2 S TR A ) 4
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