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Fue# 2 Samuel P.S. Rastrick’ 2 T4 ' REE#E
HE%> ZILF>» B L>» ZEE® ZRF
FER KXEY FEREP AP
(1. FERERFKZS54har%8E B 201306; 2. O ARN T HE L A] 548 & Bl S S0 %
hEDK PR B K ST B 266071 3. HEBERFSEAR S ERLKE
WO RF S EY - B BRI E BFS 2660715 4. SRNAE B KEE RA T
e 2643125 5. MEUBIERTRET BRI 5817)

WE 2016 £ 5~6 A LAZFHEMGER, XAGAERRAGRABELSN T E, ULE
JL(Mytilus galloprovincialis) y #F 5 #f 4., DL pH H 8.0 1E h #FFE 40, #4347 B b 28 (pH=7.7) 3 H &t
ERQRNYH. FRET, AH0 )EABRABET, LHBIKEAE, RAURE, AALEE
T (P<0.05), H&EEAME FE W WP<0.01), FEAELEFEFP>0.05); FHG0 ) Kb e
T, 2GR AERRERA LT E T BP<0.05), EMARE, BEF., HFAELF 5 (P<0.05).
HEUINERE &, BHA0DRNIHE T, X6 LTS &Rk B E BIKP<0.05), "FX& &
T % = 3 (P>0.05), #ak B8 n(P<0.05), & K& AW EFBEMKP<0.01); FHEO d)F KR
WIHE T, BA 6 EIRP<0.05), Bikat ., "R, e, £ KKHEEAREP0.05). EALLHY
ZRET, EEAKBRMBET, SALK MK TEE N 14.28~20.46, LK 7 oy AL 48 4 5 v A Bl e s
KA R AR R G R N H 7 5 e DR i KB AL e iy 4 3B e LR (3 T b B3
KA wEmRA; BB #e; RE; RAE

FESES S967 XEAARIREE A XEHRS  2095-9869(2019)03-0021-10

H Tl ok, ARESHEE RSP co, VRN pH 5 Tk ¥ aaisi L, 78 2000 FEL& T
ST, TR R CO, S MM i I B 0.1 /NS 4B, 3] 2100 45K FF% 0.3~0.5 4
fn, g1 AT E R PR R R —— K R AL B #2300 K TR 0.8~1.4 AMHfi(Caldeira
TEBRF ) S 11 B (IPCOMRE T R I, 6 etal, 2005), TR pH 0 RS RE K H 5

* B TERN R S AR E RS R FAE 4 (QNLM201707) . 3 g8 25 MERHIF BE T S AR BTl 55 9% & 10095 4 [ PR A
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2L, COTA, JuHRRRRER A I T e, M
XA 25 R G 1 B i (Ferrari et al, 2011), 42K, 1
IKER AL S FE PRt o8 (A 18R 2 — | FEAUEUN P EL 2
A 20 KT KR XTI AR ), JE RS A Ui
Wi {1 4238 (Fabry et al, 2008; Feely et al, 2004; Doney
et al, 2009), YEANEEFED ALY, KR
PO FE 51 TR TAEE 050, B2 XL
KRN LT . FAHLH . A BRAE R . BT
(Talmage et al, 2010; Green et al, 2004; Wang et al,
2015; Michaelidis et al, 2005), Talmage 55 (2010)#/ 5%

T, WKERA(CO, WA 650x107) 2 FEUE TG
(Mercenaria mercenaria) ., 7% 5 Ul (Argopecten irradians) .
2 N 4w (Crassostrea virginica)4lj US4 . A4E K F
A7 15 0 32 3] — 22 R B 119 43 T 52 1 . Timmins-Schiffman
FEQ013) KRB, HEIK IR b 23 K P-4 15 (Crassostrea
gigas)Z s Je Ak & & 1L 2% .

21014 D1 (Mytilus galloprovincialis) X Fx “I%3¢”,
TR E B | il B MK 2Rk D12 E il
GiiT RS (2016)4 3 , Tk UL /K FRFH I ALk 4.5 J7 hm?,
FEAR R 87.8 1 t, f VIR IK IR S P 5 6.2%, 1
D28 K FRAE ST RS 4 4 . KR AR 1k
X6 DB fh . AR ORN AR B R 3k RS ()RR BE 1)
S . Gazeau 55(2007)RIF5T & B, KR AL(CO, MR BE
298 740x10°) 2 FECR G IS LR TR 25%.
5 A 4ok AR A0 AR T sk — 205 e DL 2 Y LAt 2E B
R, WREREAL . QTR E I (R A A, 2014)11)
2, 5 Navarro Z£(2013)WF58 KL, /KRR 1K(CO,
We B 29k 1200%107%) 2 5 308 A 5 R DL (Mytilus
chilensis)f £ A FIM SRR B FRAT, ITT kS DL 3
AW CRE A A K R R KRR, R, 5T
TR R AR X i D R 1 43 I 19 52 el %t Tk 5% DL 2R IR Ak 1Y)
il 52 Be Sy B OCE M . B, Z2HMR MR RS
HSRTESL Y0 = N HEATRLAL, Sy 1 A M AR A K R Ak
X2 DU A= B S5 ) B AH OCAF L, ARE5ER BT Ah
FEl B AN B T KA 5 45 B S 30 0 vk, RS T T /K 1k
X2 T DU B WS R I A S e, PR T T IR 1k JilpaE Xof
LRI RER A ECH O, BRI FIRA NI
i D X ¥ 7K 1 Ak Jiip 3 1) A PR SR AIL ) 4 1k 1 S A
Bl

1 HRETE
1.1 SEIGh s YR HE
S A T LI R A SR LT SR R I T

S AT A 9 e JXU R 725 (37°02/38.3"N,, 122°33730.3"E),

W KT, K 150 m, $5K 100 m, /KiRZ
FSm, WZE<2.0m, BHEILEY 10m TS
SR AHE , AN 147 2ok R BK BT P A A Ui K A8 4
1.2 SRE#E

SRR 20601 F 2016 4E 5 A 10 HR A LA
ST SRV ULV A X, SRAE A e B i e HL I
AR EIR UL, RS H H AR K UE N 2R M
MEY, BF% TAUZEEM (0. 8 mx0.5 mx0.5 m),
BT 5K X N KT & JEAE ) I AE N (2.0 mx
2.0 mx1.0 m), #3% 72 h J5 JH FIa Lk 3256 .

1.3 BREBRUIHRRGHEZSEMIIK

BEE 2 MK pH AP pH A 8.0 4L (KA
¥ 516 X SR 7K pH)FI pH K 7.7 4H(RR¥E TPCC Tl
ey 22 22 R pH). pH A 8.0 41, 7EMF N
it e AT S S TS pH o 7.7 4, @
Pl CO, Az St i 34T CO, 52 MR AR,
PMERLE] AR pH BRI K o BRIk SE 56 5 LA 1
(L FI5 201611109362.X).

R HE, PRI | TS — 2 KR DL kAT
bR a e, BRI RUZ SR, pH A 8.0
A pH A 7.7 Y4 E 45 MUK DL [5E K (54.22+
4.68) mm], FEAMLEIYL 3 AEE, HOEE 15K
DU BEHL 9 A40G DUAE SIS TR LR D3 10 RIS 30 Kl
EHUEAKE LR FER R MHEER . 7tm . %
K. FETEANRE

SEEGTE 2016 4F 5~6 H 4T, FFEAISh 30 d.
SEI W], 4K 08:00., 12:00 F1 18:00 I ¥ /K 1Y 1R
FE(T). $hBE(S). WEME(DO). pH FLETHE (TA), M
FEERNG DL AE RGO . SEB0 e B v AT IR DLAE T
WK BITEEE . FhE . DO M pH 257K i S8R Rl fE 1
KT ML (Y SI 2 7], Professional Plus, 32 &) 47
WIZE , TA SR H 2l AR E [ (848MPT,  Hi )il & o
K T T HLARIR R 45 4157, MUK CO, REGETHR
AN E(CO2 SYS XLS v2.1), id ik b iy i e
EhEE . pH. TA 1R H K TCHLAR A R P ik iR SR
B TR (HCO3) . BRIRIRES TIRIE CO3 . CO, 73 E
(PCOy) « J5 il A7 M TN JEE (Qcar) I SCAT AL (Qara) 555

1.4 IMIFFRAKELE

1.4.1 FHiE+5#8E SIZIG FH A0 I K 2 A A
TESRVAVEAG Bk, S0 FH /K B R A 89Sk N AT



553 FE T A WK R A8 X 58 6 DU AR &L 43 I5C 19 5 R 23
£ 16 Platform
CO,fi# =S
CO, tank Air tank K
Seawater

1 SR B -

Automatic flow meter | | Automatic flow meter O < ) Float
Sk Gas l l%ﬁi Gas Q [ \
]
Cage
HEE
¥ 7 Metering pumps Y
— - O- OOO Animals
ALk = Sy
Acidified gas PRI A0 Laboratory pool
pH detector [ —» FO A=
A S T MLk Air chamber
Acidified gas
HEIE 2% 0P Cone buffer bottle
K1 BRIERERS
Fig.1 The secawater acidification experimental system

IK o SEH TR K BEZEFE (1.5 mx 1.0 mx0.8 m)PN ik 1 4~k
M, R KRB T4 S Sk N AR A (1.5 mx1.5mx
L.5m); 1 ANk E, a3 Tk Bk
(0.3 mx0.2 mx0.1 m); 1 NEEAK I, SR MBIk
T DR LR R — AN [ 1. SEERTTFLRIT, KA 8
AR CO, fzs WSl 1) pH A 7.7 BIFRILIEE K
SR AT A 200 B4R U8 A B 2RI K, K
B, IKTEMOKFH LA - WK AR B L o 5250
Wi, BEBFE IR AR RCIRAS o SR YSI-556 #l¥E
A0 EKIR . 8. DO,
142 Z¥H% WKERWE D KERN S
SR AR KA G R 1 h, KR FE $E il € 200 ml/min
LRI, LA 3 AN DL KRR a8 i d] . SE5
F52E 3 h, BEFE 1 h M ACRE H K O KRR 100 ml,
) A 48 X UK T B0 R PAMAS (I 58 kL 42 V8 F
2~200 um, S4031GO, 78 =) g KRR H K AR Fokr
B, AN, ZS AR KREREKEE 1000 ml, FIH
TSI BT PR 1) GF/C B AF IR (FLAE A 1.2 pm,
450°CHIKE 4 h, EEHBAFE/NEE S DK
ORI UR M B (TPM), FIEJS 19 GF/C i 8 4%
4, I A-20°CVKFARAE .
FEEHFR LM E vk FEARSEA R 12 A4
75 W B 38 25 R (290,15 mx0.1 m), Hir, 3 MR
TG DU )5 A R a8 AL RPN 1 AN T T
PEARAT . KA, EER KSR AR ERAR
PEKIE . R LR B SR, FE K R 2R T 3 L
1 h, FERLITFURIT, IR N HEKIE, HKIA

B FYIME 2 h, HUH T3 4L (Vernier ODO-BTA,
TR ) I o 25 R Y OV A S B . SRR IR, X
100 ml ¥ 7K F F 2 A (NH-N)T 5

FEMERUEE KRR DA E W 1) 3R 24 K
(@ 0.1 mx 0.3 m)N, W[l E 20 um T4, BCEFE
SRR IAR N, SEEGTRSE 24 ho SEEEE R, A
FRTRSEKIBE ) GF/C Bl 1S 21 2k i B ISCAE I DL A 2648,
RIS, FFIOA-20"CUKAR TR AT

T R, SR AORAE I KA BRI
AL ) (GB/T12763-2007)#EATINE . SLHLEH IS, 43
BRI AL, 75 60CHTEEES, RHEER
sk, MRS ES, K GF/C B 4k itk
7K AERIZEMEAE S, SET] 60°C LT 2 0 8 FR H i &
(Weo), TIHAE S 96T E(TPM), ZJS7E 450°C 4404
T, MBI RS 4 h JEFRE (Waso), THEFRM AT
JK5y B HE(POM), TRSEHIBERY GF/C Bl TS 2T 4 0k i
T (Wo) o HE i 19 5 T T8 (Whpw) FILEE & T8 JK 43 4
(Woon) FUTTHHA R

Whom=Wso—Wiso; Wrpn=Weso—Wo

1.4.3 A5 Hegm e 7 ik

JI& 7K % (Clearance rate, CR, L/h-g)=FR(L/h)x(C,—
Co)/C/W

A, FRONFUKIERITE, Ci. Co il h it
LS 20 2 50 K A b BORE W B

[7] k%% . (Absorption efficiency, AE, %)=(F-E)/
[(1I-E)F] (Conover, 1966)
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A, FMERY LK TE/EYETE; EN 1.5 B

FETCIK o T /ZEE BT,

#E 4 K (Respiration rate, RR, umol/h-g)=[Cio—Cy]x
V,x60/(t—ty)/W

K, t. to 4 LI I AR SZ5 BT R, Coon
Cy %8 20 T2 30 45 R Tl DL 28 rp i i SV B 5V,
R EE R WO DR

HEZ X (Ammonia excretion rate, AER, pmol/h-g)=
[Cio—Cix(V/1000)x 1) /W

A, Co. A NRNASTEHAZARMKE; V
Ry A ARt IR WSk DL 2R el 2
TH,

AT HEhr L

Ye=(Wy/W,)°xY,

K, Ys BAEYRKALN T EIRERE NS
B We B ARifEE B (1 g); We ATNAS ) Sh ) 9 2213
Yo SEARNREL A A IS EL; b 2 0.67(Wang et al, 2015).,

H K4 J1(SFG)

P=A—(R+U)
A=CxAE
C=CR x(L/h-2)xPOM(mg/L)x23(J/mg)

(Slobodkin et al, 1961; Widdows et al, 1979)

K, C B fE(Ingested energy), BT RELE
W RE0N 23 I/mg; A NTRILHE(Absorbed energy);
R N #E%A fiE (Respired energy), BB ¥ R ECN
0.456 J/umol; U AHEMfE(Excreted energy), HifiEim
AL FRECN 0.349 J/h,

A L (O/N) g P S i 20 5 HE h A S /R T
Bz, iE A

O/N=(RR/16)/(ER/14)

K Excel 2007 Fil SPSS 16.0 #f4-7E 47 #1165
RN Ty 22500 o LB 45 RSk A1 Y 8 thR 1 22 (Mean+
SD)#E/R, KA t KR ibfT g2 R0, P<0.05
FERBE, P<0.01 H2EFHhEE,

2 #R
2.1 SER/KIREBEHTL

2.1.1  EKKRIRBE AL TACHE O 2016 4E 5~6
FHY A Bl B S 36 1A XK PR B S 8000 H 328 A1 B0
F 1o NERTATDEW, fESCsmfiry, WA . 3R
DO AL bR, T3 22 5 (P>0.05), SLETE
DX K T BE D ShYG N 17~21°C 5 SR % sh s Bl
31.5~32.5; DO WYZEfLIE IR 5.7~6.2 mg/L; HARM
7K pH M5 AL IEFE g 7.96+0.48, SCEGZH K pH (1978
LR R 7.68+0.43
2.1.2 HEREBE e RAUBRIR R S E 0= E AL
SIg R, SCEE K Y TA \HCO35 .CO3 . pCOs; .
Quate F1 Qe BALILER 2. NFR 2 TLAE Y, % TCHLIRS
A K PR ETE FEA35 R 2047.48~2219.97 pmol/kg |
1912.29~2108.96 umol/kg . 46.47~119.69 umol/kg .
604.4~1459.94 patm, 1.13~2.93, 0.73~1.88, /K
) TA Fl HCO3#k B i A8 AL ARALL, TG 1 25 25 55 (P>0.05)
EARF BRI T, WKPE CO3 . pCOy. Qe
H Qo MR EAT 35 22 5:(P<0.05); 1M pH 4 8.0 4h
) COY . Qeate Fl Qg W 7 TRRALIEIK pH Sy 7.7
4, pH M 8.0 41 SR K i) pCO, i E LT IR L1
JKpH K 7.7 A,

x1 KRESKHBEHTRIFR
Tab.1 The daily values of chemical factors of seawater
S48 o i1 iR i
Groups Temperature('C) Dissolved oxygen (mg/L) Salinity
pHS8.0 4H 7.96+0.48% 19.09+1.95% 6.03+0.13* 32.07+0.48"
pH7.7 7.68+0.43° 18.95+1.99° 5.89+0.14% 32.08+0.43%

e Rl —FASR R R 22 55 .35 (P<0.05), T

Note:Values in the same line with different superscript indicate significant difference from each other (P<0.05), the same as

below
F2 BARENHEERZESRE
Tab.2 Concentration of carbonate system paramaters in the seawater
il SR WRIREAR B 7k BRIRIR B Tk COorHe i mnpE SO HFi e
Groups TA(umol/kg) HCO;3(umol/kg) CO; (umol/kg)  PCO(patm) Qeate Qarag
pHS.0 4 2081.88+34.40° 1950.93438.64" 106.79£12.90* 625.40+21° 2.61+0.32° 1.68+0.20"
pH7.7 H 2169.69+50.28" 2060.67+48.29" 58.77+12.30° 1432.94427°  1.43£0.30° 0.9240.19°
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ERFTAE: g K R A0 X0 58 i DL B ek L F) 52 ) 25

2.2 iE/KERLERBE XY 2R G DURE K R AN B B R B ST

Vg 7K TR 0 Tl 308 X 5% 9 75 g 3R 5 i DL 98 7K 3 i [
BRI L 2, MWE 2A ATAEH, 7RI
L H 10 KANE 30 KRG DL UE K 2551 4(8.30+
0.31). (6.40£0.24) L/h-g, MLLT ASREEAKLL, 55
TRET 31.05%H123.58% , 2% 5% i % (F=10.20, P< 0.05;
F=9.50, P<0.05).

M 2B AT LA ), 06 U1 A RIfR R Z IR At
FIFRAL I ] 2 o AERRAEES 10 K, [RMERCRIN T
{H 0 44.44%, 5 A SR K ALAR L, T BEA f. 3 (F=40.67,
P<0.01); ZERR LA 30 K, [RIMERBCR A TFIIEN 61.20%,
HAKEKHAMLIL, BEFWENF=14.67, P<0.05),

24
A 4 OpH80

i o pH7.7

[\
S
T

—
[=)}
T

K3
Clearance rate/(L-h'-g)
® o

EN
T

(=]

10 30
Fif 1] Time/d

100 -

B [ pHS.0

a @ pH7.7

b
b
a
0 10 30

] Time/d
K2 TR AL AN [E] A 2R 406 DL UE /K A8 (A)FI
Il fL 3% (B) Y 22 Ak
Fig.2 The clearance rate (A) and absorption

efficiency (B) of M.galloprovincialis at the
different pH and experiment time

P H AR R S BE AR A B AS () 7B ) R
2 8] 2 53 B 3 (P<0.05), A
Data with different letters for the same time mean significant

differences from each other (P<0.05),
the same as below

2.3 EUKERL B Xt 2R 0 ARG A 32 B9 20

WK BR AL A X 42016 D1 RR A AER $200 L& 3,
ME 3A . B 3B aLUE H, SRz Kb fE,
RR Fl AER ZZ AL MR ALIE 5 AL, YRl R AL B e 2 1
THa#, BEE I EE R Wos , 7ERRILEE 10 K,

I
Absorption efficiency/%
B [*)) o
) S S
T T T

[\
[=]
T

RR 0, {HA B E(F=1.36, P>0.05); AER E N
(F=27.68, P<0.05); fEFRILEE 30 X, RR i EHhn(F=
12.86, P<0.05), AER #¥4/in#k & 2 (F=33.29, P<0.01).

70+
A b
5 OpHS.0
T, 561 @pH7.7 l
E
£l 342
B 2 a a
<
k‘ﬁ g 28+ a
s
=
214}
[~
0
- 30
ft(E] Time/d
5 -
o |B
= ,| CpHSO b
& @ pH7.7 l
=
g 3
# el
% 8
el
M
Q a
.g b
S
<
0 10 30
Bt 7B Time/d
50
a O pHS.0

[C

40 o pH7.7 .
32§ 30 b
¥z
i b
ica g 20
10
0 10 30

s} [] Time/d

B3 ASEERACFAS AL # R 220 LA SR (A) |
HEZ R (B) A A HL(O/N) By ZE 1
Fig.3 The respiration rate (A), ammonia excretion rate (B)
and O/N ratio (C) of M.galloprovincialis at the
different pH and experiment time

M 3C AT LA, 506 D1 O/N Bifi i Ak 36 B[]
FIIER Tk . FERRALIINE R, 55 10 KA 30 R4
DLAY O/N BISF-H{E 5054 20.50 AT 14.28, 5 H 4RI K
A, ©E FR&(F=17.08, P<0.05; F=55.25, P<0.01).

2.4 iEIKERILRhE Xt 2R 0 T RE 8 U 3T B M

TEERFRAL AT | X 58 T D1 RE RIS Y 45 1512
ROt s, 4R 3. WK 3 WRIE, il



26 ook B

A
s
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FRALIEE 10 d J5, 205 D1 A8 & Re A RE B35 [
fl&(F=14.02, P<0.05; F=21.22, P<0.05), MEIZAETC
WL FE R (F=2.23, P>0.05), HEMGE W1 hn(F=5.62,
P<0.05), ZeT5 BT SRR ER T 8 AR A it 25 %
ik (F=120.88, P<0.01) (1 4), 7EhIRALIIE(30 d)

Je, ER0A LAY e W RN (F=12.09, P<0.05), %
W HESE A i E (F=32.48, P<0.01), PRI AEFIHEM AE
i E T B (F=7.48, P<0.05; F=16.43, P<0.05), FEI#E
FHEM eI 5 SR RERY 12.84%, KA B #H
HEIN(F=179.94, P<0.01) (& 4).

£ 3 EKERLAME T TG N AR E IS R0
Tab.3 Impact of seawater acidification on the energy budget of M.galloprovincialis (Mean+SD)
W ke EEE Cmg wmie emie e kKR
Time Group CR energy AE A R U SFG

(d) (L/h-g) (J/h-g) (%) (J/h-g) (J/h-g) (J/h-g) (J/h-g)
10 pH8.0  15.79+4.26" 186.85+68.03" 62.20£11.65" 116.20£42.31" 10.95+2.51°  0.23+0.04° 105.23+18.79°
pH7.7 8.2942.76° 79.41+17.67° 44.44+234° 35.28+7.85° 13.03+2.33  0.28+0.04°  21.97+3.79°
30 pH8.0  10.36+1.45% 119.05£26.37% 28.11£3.32% 33.47+7.41*° 12.03£2.99°  0.43£0.23"  21.01+7.73°
pH7.7 6.41+2.11°  145.28+37.07° 61.20+10.18° 88.91+22.69° 17.65+3.48°  1.01£0.30°  70.26+7.36°
150r CpHS.0 edutis)IE /KR YBF5E L BL, 2 FiifEE DS 8K 1Y
B0l a EpH7.7 B E &A% . Fernandez-Reiriz 25 (2012)#F 5% & 3, Alius
=3 1 {7 (Ruditapes decussatus) sk 432 51 fL i 1) 2
nER b S K ARG R, TR pH O 7.7
52 el BOZPET , 20 Dbk 34 i B VR 2A), I BER
i . RBHRIAI , 220 DLA 10 KoK 38 19 - 449 8 725 465
S 30} a 30 K. Navarro 55(2013)F52 & B, BRI ] %5 % F
0 j . WG DU TS S B AT EE A, TR DL(CO, W B
b Timera 2930 750x 10 VER ALK AL 35 d I, JURR TR
B4 R RITAL S A (7 A BRI ] R 2 0 1 P F LT L R B B (0 d) . DR 1T h
KA T A AL, WEL KRB, T pH<7.0 I /KIRIL T, K405
Fig.4 The SFG of M.galloprovincialis at the B 1405 (Ostrea edulis) FIER IR U1ix 3 Rl Dl 21y
different pH and experiment time TP K UL SR Ik T, 4T I S R TR IR, I —
Pl “RRFR AT, AR ZBIEH, JET- 38

3 it (Bamber et al, 1990),
DL 2 ) A 2850 2 %8 g 7K R A T A BiUJRR . Wang 46
3.1 BAKERAIERIUVEREENZIY

PE K FEHFSE D S AR F A B B B (Riisgard,
1991), B WR/NE A2 3459 T kb 3855 1 BRAL R 7
B ) (1 A 55, 1996; 5K 4R4T %%, 2005) . Fernandez-
Reiriz %£(2012). Wang %5(2015). Sui Z(2016) 5% &
B, VKR Tl X U B DL 28 08 /K 3R Y 52 M) PR e 2K
S, JEFENG UL (Mytilus coruscus), 2505 D1 (4 U1 7E 7
KR FAET , HIEKFARZ M . Liu %(2012)% 4k
T g KR AL T A i 2k £ 11 (Pinctada fucata) it £ i
AT R B, A EREE U IR KRR R I A%
PR BERIN, EEZ MR, KRG
2SR KR G E PR, Liu 25(2012)78 [ — M1k 4
4 7F X #i$L B3 DL (Chlamys farreri)flli 01 (Mytilus

(20157 WAL pH N 7.7 K FRALIT S B, 1
TR R AT JREFE G DL [ AR T L B r= g, {H
Fernandez-Reiriz %5(2011. 2012)7E pH=A—-0.4 [IRfk
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Impact of Seawater Acidification on the Energy Budget
of Mytilus galloprovincialis

WANG Xiaoqinl’z, Samuel P.S. Rastrick’, WU Yalin'?, FANG J inghuiz’3 , DU Meirong2’3,
GAO Yaping™’, LIN Fan®’, JIANG Weiwei’, LI Fengxue'?, WANG Junwei,
ZHANG Yitao’, FANG Jianguang®, JIANG Zengjie*"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research Ingtitute, Chinese
Academy of Fishery Sciences, Qingdao 266071; 3. Laboratory for Marine Fisheries Science and Food Production Processes,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071; 4. Rongcheng Chudao Aquaculture
Corporation, Rongcheng 264312; 5. Institute of Marine Research in Norway, Bergen 5817)

Abstract The effect of seawater acidification on the energy budget of the mussel Mytilus
galloprovincialis was studied using a combined in situ mesocosm and flow-through chambers approach in
Sanggou Bay from May to June, 2016. The experimental groups of mussels were acclimated to different
experimental pH values obtained by elevating seawater CO, concentrations. Clearance rates, absorption
efficiency, respiration rates, ammonia excretion rates, and O/N ratios of M. galloprovincialis were
measured after 10 and 30 days of treatment. The results showed that the clearance rates, O/N ratios, and
absorption efficiency of M. galloprovincialis were reduced significantly after 10 days of exposure to
acidified seawater (pH 7.7) (P<0.05), whereas the rates of ammonia excretion were increased significantly
(P<0.01). The respiration rates in acidified and ambient seawater did not show significant difference
(P>0.05). However, after 30 days of exposure to acidified seawater, significantly increased absorption
efficiency, respiration rates, and ammonia excretion rates (P<0.05), and significantly reduced clearance
rates and O/N ratios were observed (P<0.05). Energy budget analysis showed that a 10-day exposure to
acidified seawater resulted in significantly reduced ingestion energy, absorbed energy, and scope for
growth (P<0.05), but a significant increase in excreted energy (P<0.05), whereas a 30-day exposure to
acidified seawater resulted in significant reduction in ingestion energy (P<0.05), but a significant
increment in absorbed energy, respiration energy, excreted energy, and scope for growth (P<0.05). The
average values of O/N ratios ranged from 14.28 to 20.46 in all the experiments, suggesting that the energy
source changed gradually from fats and carbohydrates to proteins under low pH conditions. These data
provide theoretical insights into the possible mechanisms underlying the impact of seawater acidification
on the physiological responses of mussels.

Key words Seawater acidification; Mytilus galloprovincialis; Feeding; Metabolism; Sanggou Bay
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