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(1. BWHWERFK 54k Bl 2013065 2. HEUKERIAUFSE B i K 2= B9 B
AR E AL VTR R BE L E AR IR SAESHEESALEE HE  266071;

3. HRiBERESEARSERLREEHRAES SRR AIIRLEE HY%  266071)

WE RALBREAFTE, RTHEREGE 27 10, 20, 8 4K 3 B A)x 20T 4
#7 (Crassostrea ariakensis)fr & 4t 47 (Crassostrea gigas) 4 FE R #f th % . 2 B B 7, #hE B KK 4H
8 P IT 4 B B R F(OR). HEE R (NR), H £ E(FER)H A T # %7 (P<0.05), F 2 F 4tz
ERENmMMEFEZR., KEFWEEAE, HEF, BEFWRMFEXHEFRABRTRE, K
KA AR RN, M TG ESE R 200N ERBFEES THMEELEL,
BN ELEAEEGORSE, B2 AHFELRZETHRAEREAECEE)NE T T E,
T RS, Y=aW, BT — A, RERBEA20gH, 2HEEHRESTR LR, &
A 20 B, ST A YR RO R R R AR 16.1%), TTKH A B SR A AR R R R (R
WhEE 7.8%), 2 ARG h 10 B, HEd, KEHFFREMNE 0.7%. TR
U, HEREMKEFN T A TIIHY, MEENZEREGTITHFHEERTHT —EH
RHER . AARNEERMAE, W TR KGN RERT N BN, TG REE
TR A TR EFRESE
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R RS SR L X ) IR, TRk /Naf 32k (Beck et al, 2016; Jackson et al, 2001), 415
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SR UTNAST = I N G oL AR et 8 7 NI AR TEBEE . 2018~2019 4, FE AL R AR N L1 AR 44

* EFE A A BB ORI A ET(2019YFD0900803) . H E K AR AR ST B FeABHINY 45 37 (2020TD50)
AT E K PERA 5T B B K PE 58 T AR B AL 55 $%(20603022020001; 20603022020012)3:[E Bl [This work was supported

by National Key Research and Development Project (2019YFD0900803), Central Public-Interest Scientific Institution Basal
Research Fund, CAFS (2020TD50), and Central Public-Interest Scientific Institution Basal Research Fund, YSFRI, CAFS

(20603022020001; 20603022020012)]. B, E-mail: 2262170688@qq.com
O MIREE: BEE, F5RE, E-mail: maoyz@ysfri.ac.cn
Weks H Y 2020-02-20, WefE ks H #1: 2020-03-16



%2 FERREAE: b IR R X T VLA 5 R 005 R S IS Y R T 133

B /NG T DX A 7 A T, FERRKAEEE . S
REARRRE R A 4y, K AHWA(Crassostrea gigas) AL T %
/5 TR VT4 175 (Crassostrea ariakensis) .

KA WGAR R AP0, JE—Fh R TR R
FEOU 23R [ Vv XY B SRR 2 DL 2 YT
SRz A3 A T IR E A (AL A s AR L,
RIS, Je TR O K R A AR, R —
FEIN A e B b Wil D BE 1 K48 s BLA B SR Y
I UEThAE, BOARONIETE RN, 7R R AR AR A
BE T EAEEINRE. DALY R 5 IR |
R, IS MG UIME, K. BE
TTE R AR 2 AT PER Ik B 5 2 R R B [N T 1
M), 2 S e P DL 2R A BROR O Y B B bR, R
Al DU SR 25 1 W LB S B ( RS, 2013; Mao et al,
2006) B R R I8 DL S ER B AR A — A
B, KSR S R 4 W5 i 1E AR AR LTS
B BRI AR, HE SR KHARIET (B
45,2019), AWFSE MRE R A B, B0 T 3T VAT
TR A s Xof 8 B A B R LML, 8 AR AT WA
IR A P R A A AR BRI S % |

1 #5557
1.1 EIe#Hl

SEHG R AT N 2 W 0L, AR EOLE 1. K
FEUGE SIS R X, AT T 2018 4EAE
INARAE MBI TR M #2415 . 2019 4 6 H
RAE 2 FhATWG, 253 B E IR R ETE YR E Y G,
T A 5 3 VA I S I KL M B R SR X B A L SCER AT
7d, Hnl 2 Apatwn, BT E KRR RO KB SR,
KR (21.540.3)°C, HFKEREEH 29.040.1,

1.2 EIFigIT

2018~2019 4, FEIML /NI 11X, Wk
RS2 A P W 30 [ TR R T K TR A (% X e
JERRREE] 10 ELETEAL, B KAWL A
FEARPEEL B B FRARAE B, 31T 2 MRS ERRE, &
W2 10 120, H AR KAE X REZH (ERBE 207 29),
FIIRAKHN [ SR EE KA [RVBC bR 28 g $h 5, I
IREE B TF L, REAILBK AN [R) AR 1 30 VT4 55
WA T

x1 2MHEIHREYFEE

Biological parameters of two species of oyster

5E9% Shell MR H Wet

L/ ST BARTR T

height (mm) length (mm) width (mm) weight (g) Wet body weight (g) Dry weight of soft tissue (g)

Tab.1
LIS 7o Shell 524 Shell
Species
T4 C. ariakensis  33.1~89.9  20.74~60.9  8.2~54.8
K405 C. gigas 32.8~95.0 19.45~659 8.6~30.4

3.0~57.3
4.0~49.4

0.24~9.03
0.27~12.11

0.01~1.46
0.05~2.07

1.3 RERMHAIRME

BEHLIEBCIRAS RIFRY 3 HALWIHA 400 ml Y1
W, KRR KA T i A (DOYTE 2 , Rt d5e
SEIFETED S EIEOR A T, SCHRHRLE 2 he WS
55 R ) K PR R 5 AR BE U E K SRR AH A
DI I 5 1 WP IRV S %k BR - g SR 2 AR B2 4% 3
AFAT, 3R I SIS S IO s A AR
A (NH,-N)RIHE . DO fili I UL (78, PreSens,
OXY-4mini)MlE , NH,-N R JH R IR Eh S AL 0
RAEIE R DO Fl NH,-N ¥ B (9 78 fb 154 8 4 K
(Oxygen consumption rate, OR, mg/h) Fl HE 2 ¥
(Ammonia excretion rate, NR, pumol/h), SZERE5H )5,
FRUEAR R RO S Wi i BLRS (Fe s . e AT i), R
IR, A R R LU 5T, I AR
WH, I 60 CHFIHET 48 h JFFRERAHLITH . #%
DN 7= N 2 S I Ee =

OR=(DO,—DOy*xV/t

AXH, OR NH—LFQ0 9IIFEHEE, DO,
DOy 430 S5 T i A4 SR S Bk e DO 1Y 7 i
(mg/L), V AFFIRARUL), t LR FFLERE (h),

NR=(Ny—Np)xV/t

R, NR HH—LF20 oHEE AR, Ny Ml N>
HZS P25 9256 20 9 NH,-N ¥ (umol/L) .,

FAEEL(O = N)FE P T B R TR S HE A
ARz, #0158,

O : N=(OR/16 x 1000)/NR

14 BEZEMHEEZRNE

SR K %% B AT IR K SR (E e P4, 2019).
R 8 A= 0 0 FR R T 2 08 £ 1k 3l 0B K (R B A
2002), HEFGUGRA AR E 3 AT, B
AT 3 HARWG, H ARG AKAE AT IR A7),
SCEGFE SO L KAE R A T, SCHRETEh 24 h, SEER
SEORJE, WCEESRAE, B et DU SE K ET S K AARD
26 v (%) S8 UK 4 ¥k BE (PIM) FHSURE A HIL4) (POM) ¥k
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B, IHRICHUBRL v i
PIM=TPM—POM
POM #il TPM R H GF/C Bt g, SR KBk
SE, TEULHEE R MYE(GB 17378-2007).

IFR=IBD (1)
CR=IFR/PIM=IBD/PIM )
FR=CR x TPM=IBD x TPM/PIM 3)

A, IFR 1 IBD Sy Dtk Fp JCH L 1 i
KHEYITRGEZ, CR (Clearance rate)fl FR (Filtration
rate) 73 R UK IS B 3, ORIk BEAR 5 LA B
SIS AR, 1R IEE HE T R

15 gE=RENE

DIERE I e : C=G+R+U+F

AXrh, CHEERE, G NAEKAE, RIMENAE,
U bHEGE, FoRHEZSEE. C. R, U A F 43l &
Yirh POM, FEMER | HEHRAIZEME B POM 5, SR
FRRE RN T 1 mg POM=20.78 J, 1 mg O,=
1424 7. 1 pmol %A =0.347, A Kfemt FX3H5,

1.6 REHRMIF—LaE

P T VLA 5 R A W AR 25 S K, S I
A58 2 Tl g ol R A W 3 ) 25 S 1, X 2 A
F AR AT — A B e AN FER R T, A
() KA P A 5 AR 0 VA 5 B A AR 8 48 s (FE 4
FOHEERE . HEERMEER), S ilEis s
S S A DG T AR ﬁ*%ﬁ%%#‘éi&rﬁﬁ :

Y=a

Ao, Y RAREHECR; WAIRE; a f1 b M REL

X2 AP A RAS S AT AT LA, R
R 20 g BFHEFTIH—f AR, T 2 Rl wE AR 1
20 g B AR B bR, JF 38 A BE i 5 4 DY A D
KRE B ST R TSR I RE L HEIERE | HEZE AR AN AR
Kag(W 1.5), @A FER B MR S TR
1.7 HESW

{81 1 Excel 2013 F1 SPSS 18.0 B {47 5048 40 Bt
FUERE, S8028 5Lk T ¥ {E th5 1 25 (MeantSD) &
N, R 5 22 (One-way ANOVA) 17504 43
Br, Lk P<0.05 AR ab 34 [A] 25 7 %

2 H#R

21 REES5HECEE)WEXAE

2 PRI R FRER . HRER . HIERY
BIREMDE, HAFRRREOCR: Y=aW, MXRE
W2, WK 2 TR, 2 M5 =8 #/0h T

1, JTyT4ENGRS R b YEFRH 0.3669~0.9369, K415
M ZEE b TN 0.1954~0.9641,
F2 TREAEBET 2#HuHIFRFHERSEEXR

Tab.2 Allometric relationships of metabolic rate to wet
weight of two oysters under different salinity

figsr ., LA [
Metabolic .- C. ariakensis C. gigas
Salinity
rate a b a b
R 10 02715 03681 0.4648 0.1954
Ingestion 20 0.2149 0.7278 0.3607 0.3520
rate (mg/h) e
0.1590 0.8564 0.2916 0.4550
Control
AR 10 0.0112 0.5750 0.0009 0.7417
Oxygen 20 0.0242 0.7858 0.0048 0.8458
consumption -
rate (mg/h) XA 000¢ 08154 00123 0.7883
Control
HEE &R 10 0.2789 0.5724 0.3899 0.6857
Ammonia 20 03733 0.8797 0.2521 0.8714
excretion rate
T+ HAE 4]
(umol/h) XA 7007 08218 0.9878 0.4827
Control
Hiex 10 0.1235 03669 0.2750 0.9641
Feces 20 0.6524 03940 0.2688 0.2847
production »
o H
rate (mg/h) ML 0700 09360 03439 02953
Control

2.2 AN[E)ER BE X 3 T A5 F0 4K 4 5 P R AR 36 Y R M

R B8 Y T RN ECR A A S R X 2 ot s 14 6
AEMATIH— LB, THERE D 20 g B, 2 FhAHEE
FIARESECR(E 1) I 1 RTLIE W, SRR VT 455 A
A 7 Y AR BRI AT B 2 IR (P<0.05) . KA W O AE

FURTEERE N 10 B EAIK, o 0.008 mg/h, XFRRZRY
035,
’T_: o K4 C. gigas
5 @ TG C. ariakensis
£ o025t
2
8
=]
T2 o)
% § *
g
&
? N N
S L0 20 % B4 Control
—0.05* £hPF Salinity
B 1 S [RER X A i 4 R R A 5 )

Fig.1 Effects of salinity on oxygen consumption rate of oysters

* g [R]—Rh A A [ £ BE Ak P
X B2 =2 7] 22 5 Wik % (P<0.05), Tl
* represents significant difference between treatment groups and
control group (P<0.05), the same as below



%24

FERBEAE R PRI X U VT AR5 A 0 BE WS I S R 135

FEECRER, N 0.13 mg/h, MiTVTHMGFAIFE AR IEE:
FEH 20 B, A 0.25 mg/h,

£ B 3T VA 0 0 A g HE R ) R 2 5
F(P<0.05), TEEREE K 10 F1 20 B, KAWGHER REE
I, 7EXF B2 v, HESRIB RN KA, 4 4.19 pmol/h,
ML LA WG R HE R AEER B 20 B, Hh
3.98 umol/h (¥ 2).

O K45 C. gigas
B SEVI4YE C. ariakensis

*

W

*

I

*

Ha#%
Ammonia excretion rate/(umol-h™)
w

(=]

10 ' 20 ' X B84 Control
EREF Salinity
Bl 2 IRTR) R R X b HE 2 2R A 5 1

Fig.2 Effects of salinity on ammonia excretion rates of oysters

23 AREEIIEIHFEMKEFERI L (O:NK

A

KA aFE I HEI Y O = N (I SITE RN 5.5~9.4
(K1 3), 0 : NAHAEEREE Hy 10 F1 20 B AH I ELAK T %
4 VAR R SR Z ) O ¢ N {EIAA I 2%
5:(P<0.05), 7EEREE N 20 BF, EVLAHEERY O « N ik
K, H242,

30
O KAWG C. gigas

25 |8 IEVI4EYTG C. ariakensis

20 +
2 15+
]Eé .. *
®O 10} *

*
51
0 1 1
10 20 Xt H&4H Control
¥ Salinity

E 3 AFEFHBEXHYE O @ N By5Zm
Fig.3 Effects of salinity on O:N of oysters

24 AEEHEMIDTHFEMKEFERTER, HER

5

0T R A W B B R A HE R R B W
M (P<0.05), VTyL4tWEAEEREE R 10 Al 20 B, fRE%R

To I 3525 5 (P>0.05), KAHWETEER A 10 F1 20 A,
P ERAHEEE RN T X B, T VLA 05 i 5 R
FHEEERAEER B 20 W, 7351124 1.90 A1 0.73 mg/h
(Kl 4 F1l#l 5),

2571
0 K45 C. gigas

20l IELVTLALYE C. ariakensis

15¢

1.0

B
Ingestion rate/(mg-h™)

05

0

10 20 XiFfB2H Control

R Salinity
P4 ASTR] R BE T AW 4 B S A 52 )
Fig.4 Effects of salinity on ingestion rates of oysters

1.0
O K4tW5 C gigas
08|®@ WEL4LYTE C. ariakensis
*

0.6 +

04+t

02}

HigeR
Feces production rate/(mg-h™)

0

10 l 20
¥ Salinity
Bl S ANTRIER B XA a5 HE 2 2 1 52

Fig.5 Effects of salinity on feces production rate of oysters

Xt B84 Control

2.5  AN[E)EL BE XA T 4 W 4K A W BE S U ST B ST

KALUGEER N 10 B RERAK, 24 0.37 J/(gh),
LTI AR WGTEER BE R 20 R & RE RS, 4 1.97 J/(g-h),
HATIT A UG AEER BN 20 BF, PEIRAE . HEMHRE | HESS
A8 S A A RS 3R B 5 K o R RIS VT A 5 )3
R RRE AR, AR R 25 5 I (3K 3).

3 itig

DU B AR 52 2 PR T N 1~ i i e, SR8
S PR SE TR DL IS A I 5 i A PR Y B 22 IR0
W12 — (BRI A4S, 2007). X2 2R T2 %
BRI, HERE AR AR, AR R A
TR E RV, fei ol kB2 (H e R4,
2007) B2 32 T3 1 5w e DL M N A5 R T
BRAGH  HARCRCR L TR T S AR AR
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Tab.3 Energy budget equation of two species of oyster under different salinities

#8 B Salinity YiFh Species fE &I SZ 72 Energy budget equation
10 K45 C.gigas 100C=0.68R+7.50U+43.98F+47.84G
JEITAEYE  C.ariakensis 100C=4.98R+2.94U+42.95F+49.13G
20 K445 C. gigas 100C=6.50R+2.01U+51.13F+40.36G
JTYL4ENE  C.ariakensis 100C=16.09R+3.42U+43.96F+36.53G
Yt HRZH Control K415 C. gigas 100C=7.85R+1.25U+49.52F+41.38G
ITyL4LY5  C.ariakensis 100C=6.68R+5.80U+50.54F+36.98G

£, Kf/ . BEEKMORECKEE, 2017)0
31 ARHETIEIHFEAMKHEE—CAEREY
BT

YRR B OC FR AR A A KR, — AT
BRIGBOTRE: Y=aWP, Hif, 2% a Al b
W0 o BB, PR TERPE AT, R b AR
RIIREH AL, R a fe R E MR R, 52
K, I BRARRISC R EFIRAE A, BIFE 4 i ok
CO, =i, H, H4iidymRE b 4k 0.66, 18
RS2k 0.88, AR SIYIZI R 0.69(Kooijman, 1986).
Mg, 2 Rt W R . R HEEE .
FeR 5 BT A R AT A R Y=aWP R, 5
Bayne %5(1976. 1973)IWF5E 45 A0 —2, RE b 1)
B — MR 0.40~0.75. ABFFEH, ST VLA 7EA R
HET, b HAZILTE 0.3669~0.9369 (], K45
TEARTERE T b (HZILTE 0.1954~0.9641 Z 7],
HUGLEEREE S 10 BF, AR b (AL, "The S K4t
WG FEAR R 25 1 T D1 7 Hh B 4 w4 3 G PR I A 6
(Djangmah et al, 1979), 30 AR H 1 B R EUK,

3.2 #h R X A WA A0 4K W AR 24X I Y 2 M

£ B R 52 e DL 2 A TR I S H A3 A B B BR B
HFZ—. WFoe 0, SRR i R DL 2R 84T iz 8
(Berger et al, 1997). (0 IESks) . B & 77 55 A4 BAC T,
HET T 2L PR S A o AN DL 2 £ B A A Ak L
A 8 WIS WS Ao v B AR A B AR 5 i DLk
FYIEHACH(B RS, 2016).

ABFFE R, KI5 5 T VT A R B A 7 3 Rl
A, KALWETE A AR K T EREEZ S 29) R 3
XPHS R, T VLA WAEER BE SR 20 B i A 25 AH X A
B, BFIE S S SRR A (2015)% 2 Rt e D1 A K
R EE R —5, DARERF NG, 76 ARIKT, K4t
WEFESARICK, TEEREE N 10 BHRAK, 5TI54(2003)
XA WG R GT A5 R — 3. TEEREE N 15~35 JE N,
A 7 SR B AR B ) v T K, D PR AT g A T
RTEARER AT, DFe 2 i s 7 s B G A 5

(Djangmah et al, 1979). ARG B A WG 7E R
JEh 10 B, BB RAGNAERSET- S, FIhE
Do I N IR AR ER AR, SRR ETL, £ EE
T, H B Rk B R 5 R i /K B 8 R ) el AR
T DU B RE T T B Rl AR MITAE, 20006)

O : NEM R/ T sh e e RS T AL R D5
5 8 A o A 0 LR T S ML TS o B4
Bi R BT bR (RIS 4SS, 2017) . YHLIAR LR 5T
W B RE Ty A, AR DL B Rk
O = N {EHAAK; Wb g i Fak Kb A 91HtEE, O = N
HZ00 24, Ao, FhEEN 20 B, XF R b4
Wi O« NAHE R, $HhEERARET, O N TR, X3R
WITEARER PR T, AW 2 1 B Al bl sl Ok v
FEWFAE A ER BEAFRZA 4 O ¢ N EEK TR 405, 7 hE
EH—eE AR ZES, EAXT TR, e
HET O NHE,

£8P IR KA XoF ST A 0 5 W (R B 5 AR X R AL, R
W R B AR (Xu et al, 2012), FEAY) . B
RS M AF, A D B o VD K B L A B RE
(Audemard et al, 2008), AHFFE R, T IT AT ARG
RAEER R 20 BFECR, U BHIZER B R T VT A G
THIER RS, X 5 UKFEZE (2015 BIFIE 45 A —3, &
HH 3T YA W 1) el £ FE VR L R 10~25

ARAFFRAEBAUIIG 5T, HEAr T 2 Pt e A
[ B RE RIS BT LAE Y, 2 A 76 A [
R A RE AR, KA ZE AR N R AR R
I, EHH A2 258 B BR R A I aa B, AT VLA 35 71K
R A K BEAR T B R o AN ST R AR W DR vk
BVAEIR =W il Rl SPAERAETY E D O e m S B/ 7N S S = I =
T H AR K R AT AR, Pe A — e iR 22
{EN GBS A BE AT, KA WE7E A SR K th G
SRREE D VT A5 5 B IS R AR AR PR

£ % X M

Audemard C, Carnegie RB, Bishop MJ, et al. Interacting effects

of temperature and salinity on Bonamia sp. parasitism in the
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Effects of Acute Salinity Changes on Energy Budgets of
Oysters Crassostrea ariakensis and Crassostrea gigas
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(1. College of Fisheries and Life Science, Ocean University of Shanghai, Shanghai  201306; 2. Yellow Sea Fisheries Research
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Abstract

The restoration of oyster reefs is a hot issue and has being attracting the attention of

researchers worldwide. Crassostrea gigas and C. ariakensis are two important species that build up oyster
reefs; however, the population dynamics of these two species in low-salinity estuaries are not the same.
We used experimental ecology methods to study the effects of acute lowered salinity (10 and 20, with
natural seawater about 29 as a control) on the variations in the physiological metabolism of C. gigas and
C. ariakensis. The results showed that acute lowered-salinity incubation significantly affected the oxygen
consumption rate, ammonia excretion rate, and feces production rate of these two oysters (P < 0.05), but
the responses of these two species were also different. The highest oxygen consumption rate, ammonia
excretion rate, feeding rate and feces production rate of C. gigas were found in the control group, which
indicated that a decrease in salinity impacted the metabolism of this species. However, C. ariakensis
showed better metabolic parameters at salinity 20 than that in the other two groups. To normalize the
metabolic rate of oysters with a broad range of wet weights, a regression equation for the metabolic rate to
wet weight was established: Y=aW’. The wet weight (20 g) was used for the comparison after
normalization. At salinity 20, the respiration rate of C. ariakensis was strong, and the respiration energy
accounted for 16.1% of the total energy consumption, while C. gigas showed a stronger oxygen
consumption rate in natural seawater (respiratory energy accounted for 7.8% of the total energy
consumption), and a lower oxygen consumption rate at salinity 10 (respiratory energy accounted for 0.7%
of the total energy consumption). Our results indicated that the acute lowered-salinity incubation had a
more significant influence on C. gigas than C. ariakensis, and a low-level reduction in salinity can even
promote the energy metabolism of C. ariakensis. From the perspective of energy metabolism, this study
explored the response of C. gigas and C. ariakensis to acute reductions in salinities, and provided
references for oyster reef restoration, selective breeding, and aquaculture.
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