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1. WP EK =R B R K 209 B, B 200090;
2. B HERFK= S B, i 201306

TR N T 5 i A e AR AL Xk IR FE G DL (Mytilus coruscus) B & A OS2, 438 D0 52 JF 04T S R e I A 1
RAHSE R, WMEMET 8 mg/L. 6 mg/L, 4 mg/L. 2 mg/L Al 1 mg/L & E/KFE T RS I 7P RE R | 8K
R OFRECRMHEER, ITE T AAILE. 45N WoR, WAL 4 mg/L UL FACEREE, RS20 UG DL 5e 4k
KEEEEFFH, WME ARSI R 2 mg/L RULF G, MAEBEXCH,; BFMAWRERSE 4 mg/L 5, TEN KRR
TR VAR RS 2~8 mg/L W), WRDUFEACR I W E ML, BE 1 mg/L J5, FRAECRDE TR, HialR5i8KEmM
FEECREM S, BMAWERZE 2 mg/L 5, IWIHEREE LT ME 4 mg/L 5, ARILERE FRE; N5
FRR B 5k A | FEERZ AR IEA COC R . BRRE R, JE52 0 DUA] LLIE R — 5 36 [ P9 v i Sk BE i I 3, R+
HLIRR KA R, MM AREE | mg/L LIT, MUATCE R E W R, JE7 0 D1 E8 5 6 I 52,
VIREARRE VAR, ROHIR UG o AT ST W] R JEE 52 i DL AR S0 g DL B SR A 4R i 5 %5

KR JERIGIL; Ae AR JEAKE,; DR TR
hESES: S917 XHERFRARAD: A

IS — 2 48 K B0 58 v U i AR R T
2mg/L ABGMN, AR, mTEE SRR
IR RN 4 R AR 9 A I N, S B0 R AT K
ARG SR E AN WA 20 224 70 A b i i S e 8 et
i, ARUIER A A ariG sy, Sl BlREE
T-M4, R FET X (dead zones)”, H 20 42 60
ALK, WL R SR T KA YR, 2Rk
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(53 B 38 REALARI N T ik AL, A BT
0 ) 2f7 DI KXo i AL 2l B S5 A 10 SR o i D
JEIR A SR G T RAEEEN . R
i)z, —HRM K UIRAERE A3 Wi
WF g8 A A X B g 2 — U1 TR S Tl DL (Miytilus
coruscus) = E oA T3 [E AR R VT, 75T R TV
eI, WHEFRMER R, A F 5w
ZK, RAREZNEFFME, &, EEZR I I
Fegt Az U RIS L IE T R R
fift SRR IR 7 DAY DL 7e TP . REE DL
IEKAR | ABRR . HRER R, T
T FEI AT S AR Z B AR R, A B
TR R 5 i DU S0HE 107 ) A= AL A SR,
AR JESE NG UL RE SRR I 2 %

1 MEEFE

1.1 SRIeH

S ey Y JEE S TR DL SR Wi VU S A v Bk, 3
RN (FE 8 58 8 HLG 15 B2 b DLGER 1),
12 [l 5 BT 1000 L KK 9k FR5 10 d,
W KSR 25, KIRARFRE(2040.5) C, fEK
Bk 1R, BRRIIK 172, BRI 2 oNBkE
(Chlorella vulgaris) fl W .0» J& Ji # (Platymonas
subcordiformis)iE & #E

*1 EXWMREYZEHE
Tab.1 Biological parametersof Mytilus coruscus

n=12; X +SD
5et/mm 5% 55 /mm /g AR+ E/g
shell length  shell height wet weight dry tissue weight
85.08+5.03  40.71+2.58 42.74+6.92 1.46+0.42

12 KE|EAMBEALIE

SCEBCE S AR 8 mg/L. 6 mg/L,
4 mg/L.2 mg/L fil 1 mg/L, H:A 8 mg/L AXf I,
F AR b A SR S RS SR I A 218
P AT EOK T, T il AEU e P ol 7 G T i
A2 {L(IPBI-609L)FF 2210 1, 4 5145 1 i SR K
F 4 h JE, WERIETR DR DL TR OC AT
AT RE, e JEFE 6 DL R BBk 38 . AR
i £

1.3  EFF AT A

B 3 HUELFCG DUE 3 B 2% PR A5 4 Y, KAk
KA 4 L, FERIMEBA ZIERR R PRFEIR DL DL 5%
T 4h, DAE-F AR, SR 1.2 071541
SR AR A KPR, W SR DL
SEIF AT R AR B R A2 Ak, IF H Zi% AH HL(Nikon
S220)11#8 . AERE 3 min FABRME 1 Wk, B HIR D
M 10 YK, 208 Riisgard 087k, LR R
BRI KL BT AR S DL SRl iE B, g H
TH DL, DA DS )i KT U 5 R 100%, HARET &S
N 1) DL 5 [ BE bR DA e KT CEE 5, LA Jr ek
AR R A DS TR R . A ST A
TSI B B BH KR v S B g T AR R i DL R
5236 TR 10~60 minl™®, SHARIE 4 0178 1F
WA SRR T e KRR T 58, FEus b HoR
WX DU ST FE AT A B2 R, 5 o R R S i I
O i e, (AR 20 1.5%10% cells/mL.
I, AKIRRESE A R A IR A TR R
fift S K ARE o
1.4 JEIKEBNE

£ 50 L 7K NI Co T 38 5 8, (1 35 200 v
25 1.5%10" cells/mL, HUKAE 500 mL, DIfLE
0.45 um IR A 27 2 R NG UE M hh g, 4% MO i A
ARVEH 6 #B4r: WEEEY N4 (GB/T 12763.6-
2007) U -4 2 a (Chl a) & (Co)o I8 AT
ARIE RS EKT, LRI KT A 251
WAKIEN, KRR 1 RERIRN, FIE5T
TG DU A BRA, TE DL R 28 O IR, #5245
RAM 2 SARA SR YRR KA P97 i K-, DL
FERTF I I IR, 30 min 5 BUKAE 500 mL, W&
Chla #i(Cy). B HIELME 2 &, & 3
RO, Segegs e, M ERipl ik . semdEd
YRR G, i BURIRIRT 65 CHET EEE,

B 7K %2 CR = VxIn(Cy/Cy)/(mxt)
o, VKA I KARFA(L), Co. C o3I 525G
5 KA Y Chl a ¥ B (mg/L), m N 8AAEE+ 5 (g),
t A FFEETHE] (h)
15 HEAEXEMHIERNE

SR 2.0 LYEESIFWOM, 1 A5V fif S8R0 1
K, BUAS [R) 5 fift S 7K - Ak L A JEE 572 T DL 0 A P
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R, SR AR 2 KL, S AL
BHIF D SO SRR A, REEKIR 20 C o8
LA S TR SRR, LARE 1 TR A VR Y
7K o o7 FH F s e S8 D 2 A (JPBI-609 L) Fr 22
S I WO PR 725 e 4800 B2 (5 5 miin 332K 1 1K) 4>
ABRA B 3 ASFATAN L Aas I IR S s R,
U PN KRR T R R R S A v D e LR 3
it OB FE G DU F 65 CHET 2 E
FEAER P RebxVv/m
o, b g I AR R B o N R] £ P ] 0 A Yy
XHE, VA PEGRARBLL), m S 5250 DL AR AR T &
(2);
: HEZ R E=(N-No)x V/(mxt)
A, No TN 539310 Ay S5 56 11 P IO Y NHL -N ik
JE (ng/L), V RIEIRHARRLL), m AS2: DRSS
T (g), t AEFLER A (h),
AR ITHE ) O/N=(R/16)x1000/(E/18)
K, ON MHEAME, RAFEAR[(mg/(gh), E
HHFE A [(mg/(g h))o

o
2 3
o0
g

"

1

I

0

Umri!lii!ﬂi"“l}{

1.6 HELE

SR AT 2B AR o 25 (X £SD) KRR o Al
FH Excel 2010 #A78UREAAFIFER; KA SPSS
20.0 e iR % FicE AT 5 R 2 U7 22 430 AT (one-
way ANOVA)/#T, LA 0.05 1 0.01 53 HI/E 257
i 2RI S K, A 4 U BAEAE AR e T
1E5Z 4, K Excel 2010 X D F2 TP AR . Uk
IKFFERR | HEECRI TR MR E [BUA 3T o

2 HREHMH

2.1 REEXET R NEF AT AN

SIS RN, WA E 4 mg/L A, Bk
DURY D SEATS AR 35 R B2 g R, 9 DL 52 () B A
KATE 1.42 cm, HPERARE KRS, ZKAKE
fiff AEL VAR FEE S M SN T B S e SR B AR 2 R B
%2 mg/L Ml 1 mg/L, JEFENE UL D785 8 ],
HPERE AR (B 1), 722500 7R, 2 mg/L Hil
1 mg/L AbBRZH JE5E 06 DL D152 7 JRORE B A Jnb 21
FXF R (P<0.01) (K 2),

6 mg/L

2 mg/L

3

2

Bl AR EOKF T IR5e i DL DLFe T AT

Shell valve opening behavior of Mytilus coruscus under different oxygen concentrations

Fig. 1

22 REEXERERIEKERNZN

SR Won, WA R AAREN TR, BExlh
DAY BE KRB HT R (E 3), {EHXTIRLLAT 6 mg/L
b B2 1] UG B 25 5 (P>0.05); KA IEKER
4 mg/L J5, JBFE DU g K R b 91 W 2 T B
(P<0.01), FZEDHE/R, 4 mg/L, 2 mg/L Fl
1 mg/L Ab 32 (] JE2 56 i DU A /K 6 T0 8 3 25 ¢

(P>0.05),

23 REMMEXERRNFEREMHSENZN
R R, WEE AR R, JRFEIR T

HIFEE R BT FI%, 15 6 mg/L. 4 mg/L F1 2 mg/L

AR FREH 5%} RRZH T i 2 25 5 (P>0.05, &1 4). I

WHERE R | mg/L )5, JE5Eh AR AR B & TR

(P<0.01),
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T iz . 3 (P<0.05). B ¥ i ALV HE RN T I, JEE520 DL )
< £8%r - ¢ A WHZ LR 2), WHAKRERE 4 mg/L
20 } i, SR I 5 FRP<0.01). J72 57
i S a0l R, 4 mg/L, 2 mg/L Fl 1 mg/L Kb BRL ] A A L
Jd — -

S3a0l (65 52 5(P>0.05).
0 i 1 1 1 1 ] 0.9 r _
0 2 4 6 8 10 2 n=6; X£SD
VA ffE YR E /(mg/L) oxygen concentration = g
=2 0.6
2 ORI TRSE I 0L DS PR SE
TR 50 IR (8 mg/ LA HE 22 Sl .35 (P<0.01). g g *x
Fig. 2 Shell opening degree of Mytilus coruscus s 031
under different oxygen concentrations b2 g;‘i
** means extremely significant difference (P<0.01) 8
compared with the control group (8 mg/L). 0 1 ' 5 ' 4 ' 6 ' 3

VA7 YR FE/(mg/L) oxygen concentration
n=3; ¥£SD K 4 RIEG R EKFE T RS IR E R

L R X B H 22 S 3 (P<0.01).
Fig. 4 Oxygen consumption rates of Mytilus coruscus under
B * - different oxygen concentrations
' ** means significant difference (P<0.01) compared
o ' with the control group.
j T2 4 6 s n=6; 5D

o
oo

o
o

o
n

(=]
N

7K /[L/(g'h)] filtration rate

70 -
0 _ g0 1
VAR MR B /(mg/L) oxygen concentration %‘?g 50
5 40
3 RIRZ A F ISR D ik R S5,
TN 5% I AR b 25 AR B 3 (P<0.01). g'g "
Fig. 3 Filtration rates of Mytilus coruscus under = E
different oxygen concentrations © 10
** means significant difference (P<0.01) compared 0 1 1 . .
with the control grou 2 4 B 8
group- VAR U /(mg/L) oxygen concentration
. . , =1 47 A ke S A= 016 T1 HE &5 3%
GERIR, BT UK T T W, ESEI et oo
N R AR FF <0.05).
ATHE G R B E,
U Eﬁﬁkﬂﬁi—tﬂ%ﬁ(g 5), 6 mg/L Fir 4 mg/L Fig. 5 Ammonia excretion rates of Mytilus coruscus
ﬁ}_ﬁﬂéﬂ'@}j‘ﬁ{iﬁﬂjﬁﬁ%%ﬁ(P> 0.05), VR SR R under different oxygen concentrations
e * means significant difference (P<0.05) compared

%2 FRBRMEKTETESBIREAAL

Tab.2 O : Nratio of Mytilus coruscus under different oxygen concentrations

T S MR B (mg/L) oxygen concentration
8 6 4 2 1
O : N £ O : Nratio 39.12+11.84 31.28+16.51 18.72+5.73™ 15.95+5.00" 6.90+0.46"

TE: TR 50 AR HA 2 22 5 (P<0.01).

Note: ™" means extremely significant difference (P<0.01) compared with the control group.

24 MEFHEE., BAE, EEERMHEEXE  (R=098), SHEA XN XLEZME y=—0.0075x+
)20 Fr s, JESEIG DL LS TP R 58 0.3615x+52.23 (RP=0.95) (&l 6a, &l 6b, & 6¢). JE

JKF ] 1) 56 R A4 y=0.0008x—0.0043x+0.2406 7K F 5 FE4E R 2 [A] 5 3 1EAH X (y=0.804%-0.1113,

(R=0.86), SFEARMAKRTA y=0.1655x""  R=0.71) (&l 6d).
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K 6

(=]

HEEZR/[ug/(g'h)] ammonia excretion rate

100
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08rp

o
=)}
T

0 1
0 50
W FEFFHCAREE /% shell opening degree

100

0.6-d

0.4}

0.2F

387K Z/[L/(g-h)] filtration rate

0
0.2

0.4 0.6 0.8
FEE K /[(mg/(g'h)] oxygen consumption rate

JESENA DL DL SETFIARRE | BBk FESR R AR AR H] 195 &

Fig. 6 Relationship between shell opening degree, filtration rate, oxygen consumption rate and ammonia
excretion rate of Mytilus coruscus

3 itig
31 {REAMEXERR N NEF MR

A7 NS E I AR FR B B, D
ST TRORE B O BT 222 5 AR PEAS P45 748 Ak i
B PRSI A R AR AW LB, MKk
AR E ST 4 mg/L B, JEFENE DL D158 i
T K e ARk B 1 AR A AN R, T S A Rk
FE% 2 mg/L J5, JEFER DU D SE 5 i b, KM
I EE D aa 52 i 25206 DL AT b o AHIFSE S5 %0 Hopth
DU B 50 45 2R — B, 01 v ik Se0 0k B 1 &2
2 mg/L J&, 2806 U1 (Mytilus edulis)ff) U1 58 12 7 %
Y, w i E T TR 1 mg/L 5, ML
(Crassostrea virginica) i Il 76412 e 7

DISEFF S leai 2 D el . RS LR G
YEFI R 2 5, DA w6 A B AR b i, i i DL 52
(R FE AT R HLAR ) A BTG 3, Hean X &
AR V2B R, DS A TR R
JE 58 KRR IEME KR ARifseh, Bk
i DL B4 8 7K 3R Bt 2 DL 376 3% 4 O DA i s R B 25 T I,

RUMRA a1 =70 DA, Xl g
S UL FFJORE FE T R B0 5 Wi s, 8 22 [ B S
AL, RN DL 5E N R A I K8 L, 8T IR
IR AR, AW h, B A AE 4 mg/L
i, JE5E A DAY DL 7e TR B 0 i 35 e ik, {H g
KRBT RE TR, Xl BE O i AR R
RS2 1 I8 5E R UK T, A RTSERiE, &
TN FEmE, 50 DD 5E T e B AR A, (H
A SEH B BRI, R AR A IS R ] B 5
TE WS FKAE AT 28tk . A BFFEAaE, 2805 0L
B K R AER R4 2 m/L DL FIEALRFEAE, H
J& e T PN A S I S SRR TR, R
[ s 2 o {0 4L ) T 52 o BE A BT 22 5
32 REmMBEXE T WA KRR 0E

PR g 8 A8 A, A 1 A T 18D ) T 35 0 A
S iR A 2 20 1 — B 1] B IR AEC D, iRt
SRR X AU 11 BB R AL AL O
BT, R AL 2~8 mg/L RN, 85
NG DU FE AR AR R AR ARE, T 1 mg/L )5 FEAAR
LR T, AT JRE5E M DU X M S A
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R ENRE 2 1 8 R o 18 S LB Y O =5
TE— 5 FR VA fif S 0 RS Rl AL R A R B, R
J53 DL (Pecten  maxi mus) %) #E 480 5 7 Vi 7K 48040 Al
B2 20% L5 APk T R s DL RE AR A
ETEAAMEEE 1 me/L 5l TR, g
DU DA R B A AR, MR, Wt
RAEN LIPS o, BT LATE R fe o 7 R B
BRI SRR B IS N B 7, AR T B 4T b3 Y 2
AR SE R Stickle ZE00M & BRFE K H H e
FHT A2 AR A

A 2F BB FE A RS T AN A AR B AR Y
YRR AT H AR A ) (oxyregulators)”, K FE A
R i AR AR ACHR T A T R ARR ) Sl W R <A
Bt 75 £E M) (oxyconformers) 227 A 5E 45 S22 1
JESENG DL T4 SR AR R Y, FEUE PR DL,
A e A A A AR B ROt R
fiffl 22 () F T FRR, B B e ) G LA 4
Fi WA AR TR A s, BT DA DL ZE AT LR
Fifa e AR, AR E R R R R
fHJ5, DTk P45 IE W 1) R IUE, FEAR
SRGE T R, U R A S5 B0 A
g, JESe R DU AR R AR A S 1 mg/L,
[, JESE TG DR SR I T FEAEREE DL 7e ()8 i
O A RN 8 K B B, 2R X & — AN A A9 5
£, Jorgensen ZPSHA K, it e DL FE, WA
SEPK R FRAR, SRR RZR)R, FA BRI
TR, T DAY FE SRR AT W, R DL
RS AT R RE RV AR, DO IR E FRET .

Hl 2 37T DL WAL A B 8 1 B AR AR,
AA AT AR WA BT . B W Aok &9
R LLB . f2=E I, "AL KT 50, Pk
VLRG3 Faseok Ak & AR o 32 E AR T 30,
BUAR LR A B Ao =1 S Lk e 4L A
FRACHHE BERE R, AR AR 7 241,
A5 v Bl A I i SRR B RIS, TR TR DL R
Hefgc it i b, AR R, RUMR A T
JEEFE G DL AR 0t i K AL A 0 1) 23 1 IR
M EIR R 2 mg/L LT, JE5EIG U AT RE{Y
DL A iR At pe

ZE LR, JEEFE G DU K AR 7 i SR vk B AR Ak

HA—ERE N RE ] o TEV AR & T 2 mg/L
B, JE 72 G DU FE S R RS K AR B A X RS
W AR EEART 1 mg/L 5, JE7E0G D Jeik e 4Er
TEH AR KT o RS2 IR DL o 38 43 5 1 DL 5g,
e IRk 232, DA/ 18 05 sh A RE fe VAR, 4E+r
PR S Bt 1) g e A AT HE I JEE 72 6 DU Y
77 RE 7 2B T 22 Tl RE 1 ) o i Sk o A AR AR 1
FARH, Aok AT 45 G A i A o oK P SR — 20
Bk o

5% Uk
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Shell valve opening behavior and metabolism of Mytilus coruscus un-
der different oxygen concentrations

JIANG Tiangi" % ZHANG Yang" % JIANG Yazhou', LI Lei', SUN Peng', TANG Baojun'

1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: To explore the effects of variations in dissolved oxygen concentrations on the feeding and metabolism of
the mussel Mytilus coruscus and analyze the relationship between shell opening behavior and respiratory metabo-
lism, we observed and measured the shell valve opening degree and rates of filtration, oxygen consumption, and
ammonia excretion of M. coruscus exposed to 8, 6, 4, 2, and 1 mg/L dissolved oxygen and calculated the O:N ratio.
The results revealed the following: at oxygen concentrations greater than 4 mg/L, the shell valve of M. coruscus
mainly remained opened but gradually closed when the oxygen concentration decreased to below 2 mg/L; when
the oxygen concentration decreased to 4 mg/L, the filtration rate decreased significantly; and the oxygen con-
sumption remained stable when the oxygen concentration was between 2 and 8 mg/L but declined significantly
when the concentration decreased to 1| mg/L. The ammonia excretion rate showed an opposite tendency, increasing
significantly when the oxygen concentration decreased to 2 mg/L, and the O:N ratio significantly decreased when
the oxygen concentration decreased to 4 mg/L. Furthermore, a positive relationship was found between the shell
valve opening degree and the rates of filtration and oxygen consumption. The findings of this study indicate that M.
coruscus can adapt to fluctuations in dissolved oxygen concentrations within a certain range and maintain a rela-
tively stable metabolic level. However, in environments where dissolved oxygen concentrations decrease to below
1 mg/L, these mussels are unable to maintain normal metabolism and respond to hypoxic stress by closing the
shell valve to reduce energy consumption. These observations can provide a reference for investigating the hy-
poxia adaptive mechanism and farming of M. coruscus.

Key words: Mytilus coruscus; energy metabolism; filtration rate; shell valve opening degree
Corresponding author: TANG Baojun. E-mail: tangbj@ecsf.ac.cn



