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FHIEAL 1120 hm?, &7 1.008x10° t, F B
JESENG U (Mytilus coruscus)FIRIG U (Mytilus gallo-
provincialis), . JEFEMG D=5 5 2 E 70%LL L,
A <G N Z £ 2 Ko ABIEGE XA T H Ad 5
JE SRR DI FRFAEIX, 5% 58 DX A AT & 5 R iy T
VSRR AEIX, 29 1024.8 hm?, [5HIHC 2 G D1 &
FRFHMIFRR 77.4%. BIF5E D12 K IR A R K A4
RKIZ pCO, AL, X F T ALK 7 57
FEIE SR COy PRI Jay 22 Ak 114 52 e B A o 22 78
o ABFFEAGTE T FAD B 6 DR HASE 5 5l T Stk
i N AR I B A, O A e B I il R DL
LR A TR AN A R A SR

1 #MEEFE

1.1 HREXBHGAIZE

o e J5 V35 R O O R, VR S, R R
]2k 270°~330°, V&1L A 80°~150°, 2 HiJE 5%
e, I 5 BT K 22 s B B, TR Sk VS SR AE X
% R R - AL i A Y, HLG DL 3R A X
PR D 3 /N T K o v O R, AR
WFFETEIS S T8 G DL 53 48 IX B B R A A 8 (BT 1),
FRHE X R E S AL IR W E (GQ-1~
GQ-5), FRFHIXAME R AEFRIE X ABNL B E 3 >k
P (GQ-6~GQ-8) . M T A4 A 3k o7 1) BE i R
B Sl 7 1) 2 5 M RO i B2, BRSE N BB
FERAIEH . RO P RAERE S, B
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Fig. 1 Distribution diagram of sampling stations
1.2 HmRESLHE
ARBIFET 2020 4 7 HITAR, 70578 H 22(2020
47 A) FZE(2020 4F 10 H) & ZQ2021 41 H).

F (2021 4F 5 7 )X AL 8 )5 Sk T IR 5E XA T R
W 1A R WA ST . B W (T) R (S) . pH
R0 S [ [ AR Ry (NBS)BR BE XS PHS-25 Y pH
THnE, Kb+ 0.01], JERERZARHECKITT
0.5 m) S IE DUAE G o IKFERSRAR | 4336 L IRAFSETT
IR R QAR 4 355 kb
2P E P ) (GB/T 12763.4—2007)17, Kk kE R4
JaF 4 CIUREOEAM FTiEk B R, BmE
(TA)RHH pH B & (GB/T 12763.4—2007); HF
€ DIC .DOC .POC [¥J/K¥E, Bl {# Ff Whatman
GF/F YIS eF Y (FE S 3l b 450 CHiLI B 6 h f5
FRE) L UE, JEME T 20 CHAfE, R A 7 E
Elementar Analysensysteme GmbH JLE /MY Vario
MAX CN |z POC; [m] i B I8 5 KA TR
BEESH (450 CHUAEE 6 hyHsEeftfz, A
0.02%HIHLF HeCly W2, 4 CARIEAAENS,
K HTH A B BEUEAA HLEK 53 B A TOC-L il & DIC .
DOC. i DURE & A EURE J k4% R K™ AR #1
) (GB/T 30891-2014)!"81 5.3.2.2 HL & By HARE )y
ZPAT. HBY T BRAE T H BRI DUAN I
&AW, T Ve O IC SR RR A BB, AR
i 60 CHET 48 h 43 HIARMG U FE AR 2T,
THEAS 2] D78 SEA L) T 8/ S HE G . H
RIS A HITCR 43T Vario MAX CN il .
1.3 BREBEEMEE

A 5Y P Bk 38 1 Al A & MR P Dickson and
Millero 25 Hi Y6 R 20 12208 AT AL 5 46
H20~40., I 2~35 C gk,
1.3.1 pHxps 5 pHsws BIRERAL  H TABICR
()2 NBS AR, 20 E ZARIE NBS A5 ¥ (pHyps) 51
KA TR FE B (pHisws) R Ak 28 2 R 20

pHsws = pHnestpK'1swsovy—PK' inBsm);

PK'1swsou= 3670.7/T-62.008+9.7944In7-0.0118x
5+0.000116xS57;

PK' inBsouy=—13.7201+0.031334x T+3235.76/T+
0.000013xT%x5-0.1032xS">;

T(K)=1("C)+273.15
o, TN XTI B2 (K); S NEREE; ¢ AR IR EE .
1.3.2 BKCOBE  ARUFFBBAFT 555
SRR ) COL R R AL TP HRRAS, pCO, MR K
MM . R pH M TA ZEZ50005E .



5511 AR A M AC I G DL S G T e e i e B 8k RE ) 1591
CAxa> 20 CHRYIER L, $REED 35 MK S7e=660;
= H+ Y o, 174 o,
R Tr— Ty HFEREE T Sc AR EE « (C)HREL, 75 0~30 C
B, KL HOSIEIN, Seoss HHERHE 35 MM CO, M
CA=TA—aXfK],3 ; FFEL, Sceo TRIRIK(S=0)H CO, Wil 25 4551, ¢ il
H+

1InK'5=(—8966.90-2890.515"7-77.9425+1.726S"*—
0.0993S5%)/T+(148.0248+137.1945°°+1.62247S)—
(24.4344+25.0855"+0.24748)xInT+0.0531058"x T
pK'1=845.0/T+3.248-0.00985+0.0000875";
pK',=1377.3/T+4.824-0.01855+0.0001225%;
Ina=60.2409+93.4517(100/T)+23.3585In(7/100)+
[0.0235170-0.023656(7/100)+0.0047036(7/100)*]xS

AP, CA ARFRERIRE , an WEE TR, ki Al
ks FIBRFRIIZE B 5L, K RS — 3
f#H AL, Br MK IR, B1=0.000416
(5/35) mol/kg?®!., TA Hifii mmol/dm®, K'z % JH
Dickson 245 W B #6478 . o TSRS 2%k
[mol/(kg-atm)], & H] Weiss*'%5 i (8 #4748
133 E-SRECO,XHBEE H-H M CO,
SR R [F, mmol/(m®-d)]H5 2 BT IR ] B [ AR
I COy FERA TR s, THHEARUT:
F=kxa ApCO,=k*asX(pCO256a=pCO2ir);
k=0.31xu;0*x(Sc/S’¢)
Sc=Scs—g+S(Scs=35—Scs=0)/35;
Sce35=2073.1-125.62+3.6276£—0.043219¢£;
Sceo=1911.1-118.11¢+3.4527/-0.04132¢£;

X, kO SARAE HEE, SR A Wanninkhof 45 1
AKX a A COy TE K P YA iR R
[mol/(kg-atm)]; ApCO, HEZHE/KG5RKH CO,
5 22, KA CO, 7 iR Il NOAA 4235k Wil
S A L Bk R GE 9T 5L 5 % (Global Monitoring
Laboratory-Earth System Research Laboratories)
(https://gml.noaa.gov/ccgg/trends/gl data.html) Wi

MLk ABF5E R 413.42 patm 1E KRS CO,
W SEAE . wyo NVEFE 10 m &b A XGE (m/s), R
RIS 5 £ (58472) HE 4t i H S 34 XU 12 H -1
G o Sc Al S’c it % FEER >, S c WAL ERE R

TR o 4 F>0 FomifE K ) KRB CO,; 24 F<0
PR KR CO,e
1.4 WBRAIBBRHBREGE

T 7R B S ARG BT hR 45
1.5 Sitath

ffiF Microsoft Excel 47 040 widh 34,
S A B 34 R A B E AR HE R (X £SE) R, il
H Prism 8.0 #4117 Two-way ANOVA Z3Ht M 2%
PO, 24 P<0.01 B 2R EE, ¥ P<0.05
BF A 22 5 0 2, 5 0 AT P BOv B 3 A TR 34 R
Surfer16.0 #f4-2:1i .

2 HBRE5HH

2.1 REBKRBIEERERSH

A 53 1 30U B A AR AL VE Ll 8.59~27.4 C,
BB, 42l T8 R BOL KA Bk
TR, AR A R S S R AN e 3
MR . Bk, & AR DU A i S AR
TR HIAHZE 1.8 °CL 2.15°C . 1.45°C . 0.81 C, i
R BEVF Bh /N o AR AR AR AR B Ry 27.39~32.59,
AFpm, R, AT T s
BN HAC 5 ¥ B pH AR AR AL Bl 7.79~8.75, #&
ML pH A A), R k. & FlUE
pH fi i {5 AR A 5IAH2E 0.47. 036, 0.06.
0.73. TA TR EBE, HAFRR, ER;
AW RE . B, & FUE TA KHH
S5iARE 522 046, 1.56. 0.24. 0.13, FkF
VRN TA AR (G 1) WUH 2R 7 22501 46 1
R (3 2), ML SRR R 2K A S
A3 AAE AN R 240 22 54 8 35 (P<0.01)

F1 MELBRAFEEBIEARETREBKELSH

Tab. 1 Basic parameters of surface seawater carbonate system in the shellfish culture area of Gougqi Island x+SD
Z=7 season JKii/°C temperature ELJE salinity pH S8 /(mmol/dm?) total alkalinity
HZ summer  26.84+0.44 (25.6~27.4) 28.06+0.13 (27.39~28.57) 8.13+0.05 (7.83~8.30) 2.20+0.06 (1.88~2.34)

#ZE autumn 20.4+0.25 (19.48~21.63)  30.25+0.06 (30.01~30.53) 7.99+0.05 (7.79~8.15) 1.71+0.19 (0.78~2.34)

425 winter 9.10+0.2 (8.59~10.04) 32.2+0.1 (31.67~32.59) 7.96+0.01 (7.91~7.97) 2.94+0.03 (2.82~3.06)

## 2% spring 20.61+0.10 (20.26~21.07)  28.2440.11 (27.95~28.74) 8.32+0.09 (8.02~8.75) 2.83+0.01 (2.77~2.90)

T 455 WEUE R R

Note: Figures in the bracket indicate ranges.



1592 R R A

529 %

x2 MEBBRAFEEBHARELRE
BKERSHNRERATESH
Tab.2 Two-way ANOVA of basic parameters of

surface seawater carbonate system in the
shellfish culture area of Gougqi Island

) df F P
variable source of variable ’
ki 7 season 3 692.1 <0.0001"
temperature Ui station 7 0.9029  0.5226
HhpF Z1Y season 3 664.1 <0.0001"
salinity W37 station 7 4.294 0.0043""
Z=7 season 3 8.379 0.0007"
pH L .
Y station 7 1.482 0.2272
R Z45 season 33506  <0.0001"
total alkalinity vh{i7 station 7 1.168 0.3615

T * R 22 5 L3 (P<0.05); *+3R /R 22 74 .35 (P<0.01).
Note: * means significant difference (P<0.05); ** means extremely
significant difference (P<0.01).

DOC (imol/L)

2.2 REiB/K DIC. DOC, POC iKEH=E 47

FIHIXER . BFIZH DIC ¥ B AR FRA X
W, & ARRAEFE XA, A7 DIC ¥#
JEA AR TN A[(217343.39) pmol/L] ., HZE[(2068+
35.56) pumol/L]/, FK[(1955+14.47) pumol/L], EZ
[(1888+33.98) umol/L]#Ak . FRIMXER | & WZ
1) DOC Wk FEACAEFRAE R B iy, B KRR SR
XA, {H-3 DOC W BEAEARKZE[(115.6+6.91) pmol/L]
FIE Z2[(115+9.0) pmol/LIE i, & ZmAR[(67.31+
4.55) pmol/L], FZE[(101.4+£12.99) pmol/LJAb Tt
K. POC MR M R AR IR O L Z2[(38.59+
7.09) pmol/L]. %Z[(31.16+6.38) pmol/L]. HZE
[(21.7145.82) pmol/L]., #kZ=[(20.15+3.49) pmol/L], &
AR AR R (B 2)o JAAT TR, RS SR

DIC (umol/L
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Fig. 2 Spatial distribution of dissolved inorganic carbon (DIC), dissolved organic carbon (DOC), and particulate organic carbon
(POC) concentrations in surface seawater in different seasons in the shellfish culture area of Gougqi Island
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POC VREETERT A B & E 7N, Hih Ry
F 2R (P<0.01)(3 3).

x3 MILBBRNFHEFHBEARFTFHREEK DIC,
DOC. POC iREMMEAZFTENH

Tab.3 Two-way ANOVA for concentrations of DIC,
DOC, and POC in surface seawater in different
seasons in the shellfish culture area of Gouqi Island

e AR S AR

o F P

variable source of variable
AT ZE7¥ season 3 18.67 <0.00017
DIC ¥i{¥ station 7 0.1228  0.9957
T LR Z=77 season 35965  0.0042"
DOC Wil station 7 0.7012  0.6710
R HLER 7 season 32422 0.0945
pOC {3 station 7 1456 02364

T * R 22 57 B3 (P<0.05); **3R/R 22 Tl .35 (P<0.01).
Note: * means significant difference (P<0.05); ** means extremely
significant difference (P<0.01).

30.75°

2.3 REiBKpCO, 5 FCO, ZE 47

T A R 2 WK B pCO, AR AL F
65.19~719.1 patm, V1A 7F & Z 5 K (310.3+
65.7) patm, &Z=1%5(654.3£15.7) patm, B . FkZE
43 91°h (347+45.59) patm , (395.2+66.15) patm, & |
W24y R AB 2 BN th AN )30 7 B s 1, 1
S R R KAE ;B ZR A R AE U R B AR R
BRAE BRI DL IR X Ry 3 Sl HEEK
RS EMR, BAbEmR, fom EKR
15 1 (8] 3). FCO, 5 pCO, A HHIR Y 73 A4
fif, %% FCO, [HHA%, H(-18.86£12) mmol/(m* d),
B 2 8(~11.59+7.95) mmol/(m*-d), #kZ=H(-3.61+
37.22) mmol/(m*-d), &7 FCO, {tfixf, }9(78.24+
5.09) mmol/(m*-d). WP Z Jy 240 Hrah 5 Bon (F
4), HAC BB pCO, 5 FCO, (HAENIF 22 57
W B (P<0.01),

N, pCO,(patm) pCO,(patm)| | pCO,(patm)| |, pCO,(patm)| | 695
3074 | SN . i | i 605
N f\ o . - 515

30.73° t : 3 - 4
0720 | j/ﬁ—\ Y- _ ( 425
7 - - 335
30.71° t e 3 o 245
30.70° S o ; 155
. SUfnmer wlmtcr S splrmg S 65

o (] el o o o ]
S8 L g E ,\:\’5 IR A S

30.75°

o o e o o O O o
» ) A D E q:\”) ) AR E

30.70° r summer

ARV A N N N N R S O S R G G S
X FCO,Immol/(m®d)] FCO, fmmol/(m™d)]| [ FCO,[mmolm®d)] | | 95
30.74° 1 r r 75
30.72° 1 : Is
 wintcr —25
- - —45

) . & . ) )
'1:\0? '\:\‘g ’1:\&3 ’W:\qo : '\:\’g ’1:\6 '\:\&7 '1:\0?
NN A S R

P 3 HRAC I i DL SR BRI BOAR ] 2% 45 2 2 K — S8 AR Bk 3 T (p C O, ) RN — S THT — 4 A ik 52 48138 i (FCO,) 45 8] A1 14
Fig. 3  Spatial distribution of surface seawater partial pressure of seawater CO, (pCO,) and sea-air CO,
exchange flux (FCO,) in different seasons in the shellfish culture area of Gouqi Island

24 ARFERAHNKEESHNEYEKRE
MAAC 5 1 ) B RS o A A% R R R, #
R EBEIESR . E . BFE FCO<0, MBKIL, &%
FCO,>0, AERIFER 5). MIHEEA R X HOkE,
MIFE S IR DUFRFE X Y FCO, HERTER . . &
FEONE, (B3 88 & TANEAERIX (R 6),

SRR o AT B S5 Sk T T DL SR DX TG DL A= )
[P ik et I 3% DI DL S B VA Sl B A7 T AR [ sk A a3 7
FTm o
2.5 REIBKpCO, HIEmMEZE

20X pCO, HilE . #1# . pH. TA. DIC,
DOC . POC MRS (B 4)FIH a8, &
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pCO, f1 FCO, IMEEFHEN
Tab.4 Two-way ANOVA of pCO; and FCO; in

surface water in different seasons in the
shellfish culture area of Gouqi Island

AR hE AR SRR

dr F P

variable source of variable
AR Z=75 season 3 8413 0.0007"
pCO, Yl {3 station 7 0.8253 0.5777
WS F 1 CO, Z75 season 3 19.67 <0.0001""
2243l it FCO, U7 station 7 0.9082 0.5190

FE: *FoR 25 57 3 (P<0.05); ** 3R 25 5% .35 (P<0.01).
Note: * means significant difference (P<0.05); ** means extremely
significant difference (P<0.01).

W pCO, FRE T I A (P>0.05), NHFEER
B2 ERFHINT 5 C, pCO,y FX{UH
36.7 patm; HFEFFKE, HERFHREILT 5.2 C,
pCOLMARIENN T 48 patm; 47 pCO, HiREHA
BB R AH O, (HAZ pCO, HEBkZE R 259 patm
(%sxﬂﬁﬁpabM%MKﬁ%o%@@ﬁ
pCO, S LR TR 2 B35 T A5G 56 R (P<0.05),

A At 215 12 10 0 SRR OGP, 3 136 W Bk 2= 5
WESBAFTE K AR A IR, [R] I 3 B Bk 2k I 5
M % I3 pCO, IR Z2 —

x5 HWIEEBRIFESEARNETARRXIEREBK pCO,f FCO,H
Tab.5 The pCO; and FCO; values of surface water in different seasons and
different areas in the shellfish culture area of Gougqi Island

FEFR item [X 3, area X Z summer #Z& autumn 425 winter 2 spring
SV total 347+45.59 395+66.15 654.3£15.7 310.3+65.7
pCO, T D1 33278 [X. shellfish culture area 402+58.1 411+98.52 677+15.36 320.9+83.62
HNEEARFRFEIX seawater control area 255.4+£37.89 368.9+89.06 615.2+29.44 292.7£129.3
S total ~11.59+7.95 ~3.61+37.22 78.24+5.09 ~18.86+12
FCO, G DU FRAE X shellfish culture area —2.232£10.19 ~0.476+19.62 85.91+4.95 -16.91x15.27
HMFAEFRFEIX. seawater control area —27.17£7.02 ~8.832+17.62 65.46+5.44 —22.13+23.65

F6 HMICBMNFESBHEAAEZSTARRERE
8K FCO, ENERFESH
Tab. 6 Two-way ANOVA of FCO; value of surface

seawater in different seasons and different areas in the
shellfish culture area of Gougqi Island

it 5K
REE prab s o 4
d Ia P
variable source of variable y
Z=77 season 3 58.38 <0.0001"
FCO, .
[X 2, area 1 7.249 0.016

T * R 22 7 B3 (P<0.05); **55/R8 22 Bl B 3 (P<0.01).
Note: * means significant difference (P<0.05); ** means extremely
significant difference (P<0.01).

pCO, 5 pH \TA MU Z=H A I 2 AH G (P<0.05),
Hrp | B R EAHIC(P<0.01), X R
TR R A S N A R B | Tl ) g A 7=

pCO, FEHE RS KR, I DL 258 X 5 AN AR FR B X
) pCO, ZETEE I K, ik 146.6 patm (% 5),
LI B A E R pCO, SEM % . AL & B
FEMHR A DIC WEAER . FREHAR, H pCO, i
DIC ¥ AR AR 75, 454 IRl A s pH . IR
TA HRAE, [F] & 25 3708 X W I 0 8 T A g vk
B, 1SR T AR sh X pCO, 7= A2 38 K2 I iX —
e, MFRFEEFE pCO, 5 DOC, POC ¥R JETEH
B M, BN AR (A 40).

23 1 nT AR H 0 DU 375 P 14 A 4 1 B B S
SEMIZME I pCO, WY LN, H AL [F]
By A2 7K PR & 52

®7 MREEWENAFEEERNERE

Tab. 7 Maricultural bivalve carbon sequestration amount in the shellfish culture area of Gougqi Island

T/ B /% BRI Y% [ e it /¢ BAA TR [ Bk 5 /(U/hm?)
dry weight/total wet weight  carbon percentage  carbon sequestration amount  carbon sequestration of unit area
J15% shell 435 11.45 18425.59
22.83
B soft tissue 3.14 42.82 4973.97

H: BRICE L COy i, MEAERLL C T

Note: Carbon sink amount is calculated based on CO,, and carbon stock is calculated based on C.
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Fig.4 Correlation between pCO, and carbonate system parameters in surface seawater in different seasons and
different areas in the shellfish culture area of Gouqi Island

a. pCO, vs. temperature (7) and salinity (S); b: pCO; vs. pH and total alkalinity (TA); c: pCO, vs DIC, DOC, POC.
SC means shellfish culture area. SW means seawater control area.
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Abstract: To study the carbon flux and carbon sequestration capacity of a shellfish culture area in Gougqi Island in
different seasons, the temperature, salinity, pH, total alkalinity (TA), and the distribution differences of dissolved
inorganic carbon (DIC), dissolved organic carbon (DOC), and particulate organic carbon (POC) in the water were
monitored and analyzed in 2020-2021, and the partial pressure of CO, (pCO5,) in the surface seawater and the flux
value of CO, (FCO,) at the sea-air interface in the shellfish culture area of Gougqi Island were estimated. The
influencing factors of pCO, were also analyzed, and the carbon sequestration capacity of the shellfish culture area
in Gougqi Island was explored. The results showed that the distributions of temperature, salinity, pH, TA, DIC,
DOC, and POC in the surface seawater of Gouqi Island during the four seasons were significantly different (P<
0.01). The annual variation range of pCO, in the sea area of Gouqi Island is 65.19-719.1 patm, and water mass
mixing and biological activity are important factors that affect pCO, in the surface seawater of the sea area. The
variation range of the FCO, value in the mussel culture area of Gougqi Island was —63.75-99.18 mmol/(m*d), with
significant changes among the four seasons (P<0.01). There was a significant difference in the carbon distribution
pattern throughout the year. The carbon sinks in spring, summer, and autumn were (~18.86+12) mmol/(m*d),
(—~11.59£7.95) mmol/(m*-d), and (-3.61£37.22) mmol/(m*-d), and the carbon source in winter was (78.24+
5.09) mmol/(m*d). FCO, values in the shellfish culture area of Gougqi Island were higher than those in offshore
non-culture areas and reached significant levels, indicating that it was a weak sink area. The carbon sequestration
of seashells in the study area was 18425.59 t, that of mussel soft tissues was 4 973.97 t, and the carbon
sequestration of mussel per unit area reached 22.83 t/hm”. This study provided a reference for the evaluation of
carbon sinks in shellfish cultures.

Key words: Gougqi Island; partial pressure of seawater CO,; sea-air CO, exchange flux; mariculture; shellfish culture;
carbon sink
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