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Fig. 1 Aquaculture area distribution and sampling stations in Sanggou Bay
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TKIR BN 16.98°C (1943, HfR{EHR 11.57°C
(i 7)), e A A IR A 25 5.41°C; H 20K
NE AR e =k e E e see=y 2 | i e s R R [P ST 5

e A B R G R 19%85 7, S 26.23°C,
I AR AE HPRAE B e ARt 1) 2143507, & 20.12°C,
A E S RAEMZ 6.11°C, HEILENEILIE
BER N, S ndiys), EemE S mAEAUHEZE 0.71;
B 1S i SR A Y, e

S A2 1.56, HFEME EAZIGIEHLL
T A G R ADIR S, DO B AR Ak 34T H 15 IS 17
AN, FZE pH MARLIERIN 7.47~8.45; B
Z= pH [WZEALIE RN 7.19~8.17, 5FZHFH, pH

B AE HBUAE DU IR X, i ren (L B7E B2
B, TEANEES IR 1.

Chl a. TA. DIC LI K EZHKH pCO, (4
fbaniEl 2 firoR, Chl a M2 2 Z= 5 T 2=, 2 Chl
a WWENT 0.14~1.41 pg/L, FEI{E M (0.74+
0.32) pg/L, A=Akt iy v JEC o ) v Ak 1, I AE
HNEEZS X R, HZ Chl a WIHREN T 1.54~
5.72 ug/L, FIIME N (3.24+1.43) pg/L, ZEfkiaH
H5HEZFEH, NEIK TS SN ek 1S ki .

HZE TA 1Y A0 HAL i VS 1) v Ah s
FEAE AN X TT I Rk, 2SR WR BE S 2251.50~
2363.97 umol/L; K 2= TA AR ILIRE R 2157.28~

®1 RAEFEFNNRRET

Tab.1 Thephysical and chemical factorsin spring and summer in Sanggou Bay

AL ¥ #Z spring HZ= summer
physical and chemical factor F-H4{H average value JLF rage FH{E average value JEFE rage
FIZKHE/C SST 14.62+2.10 11.57-16.98 23.20+1.89 20.12-26.23
EhE salinity 30.68+0.31 30.20-30.91 30.96+0.54 30.38-31.94
%t F/(mg- L") DO 8.62£0.52 8.06-9.71 7.99+0.41 7.01-8.63
pH 8.03+0.45 7.47-8.45 8.03+0.08 7.95-8.17
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Fig. 2 Spatial distribution of Chl a, total alkalinity(TA), dissolved inorganic carbon concentration(DIC) and
pCO; of surface water in Sanggou Bay
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2250.07 pmol/L, “F¥4{H4(2206.01£30.93) pmol/L,
Ak R B RV IR )V ARk

B DIC B¥Fm THZE, 2 DIC WKEE
Fl o 2105.62~2278.06 pmol/L, “FH{E 4(2201.50+
43.21) pumol/L, FE{RAR{h 34y V5 JE a1 V5 A0 3 ik,
SN2 A XA — A B Fm B, Hdr,
DIC I 1 BUAE BE S TR0 X 1Y) 3#ulifor, f =i {H
IR A DL SR X 1 1545057, DIC i (i X8Rl
X1 & B 29 164 pmol/L., E 2= DIC fy e Ji 3
g 2500.79~2629.11 pmol/L, “F-IJ{H Jy(2555.74+
32.70) umol/L, FEFFFH X NG-THAAT BRI, HEk
FEHAIX AR, A X FNANEEZS 1 XA TR

T H R X R 2K pCO, 1 Ifi
3 A5 241 5 B DA VS IS B T A% i AR O R AN S
DX BT s A R A, R A IR DL 2R IR X,
BAE AR FE R TR IX . BRIEIR IR Ah, K
R IXH B FRIZMK pCO, B THZ.
22 REEK pCO, RIFEREFHIE XD
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FE B E A G, H 2 DIC SiRE M B ¥ F
. MR ZE I 220 ds R, ANFEIMFRIEIX
Z 8], Chl a Y25 %A 3% (P>0.05), DO 25 3%

*2 FEZFTEK CO KA

(P<0.05), DIC .pCO, L) J% pH 2= 54l f2. 3 (P<0.01);
AN 2T 2Z 8] pH 22 57 A8 i 2 (P>0.05), DO 2= 5+ ik
#(P<0.05), HAAr &2 550 8% (P<0.01) (%
2)o A FRFHIXAEA R ZETT 450 T $ 25 7 1 3 (P<
0.05), Z=5 FIFRAE X 22 HAE AN . .

BEWAFNTRZEK pCO, 5K KT
HAH IR R L3 3.2 pCO, 5 DIC Jlii i 3 1F
FHOE, 5 Chla Biil 2 & A, 5 DO MR & fit
#H5¢, B DIC. Chl a #1 DO &0 =2 1K
pCO, K/NHYHEH 75 HREKZHK pCO, HK
. DIC fi B2 IEAHX, 5 Chl a, DO AU B 3
M. 4518IA 0, Chla, DO FIK R0 E 7
FJZHEK pCO, By KHEH T

MR RJIZ MK pCO, 57K Z B AFE 1 2% A
Ktk WA AR RIVETE IR 515 AN O
EESS W TS L N Y o i S N R N
RIS R 2K pCO, IR, AT 5T 1 42 F
FH CO2SYS # 4%t )2 /K pCO, AT BE M
2 2 S [R] FE0 DX I B kM IS AR R A L
KSR S RS R—2, B EFRFE X >25 X >
DUEEIR IR IX > FR 0 X H 25 5% B 3, i &%
IR K IR AME R IR R, 45 W
4, MR HEEFZHT, FEIEX, FAK

TEEREEMINEARLESHT

Tab.2 Two-way ANOVA tests of CO, system for all the sampling seasons

: o df P ; - df P
variable source of variability variable source of variability
WTCHLEE T season 32575 1 0.000" | Z= season 5.10 1 0017
e iF X . | % DO ) .
WHEDIC AKX area 718 4 0.003 FIIK area 459 4 0018
o 7T season 3897 1 0.000™ Mg 21 season 14.59 1 0.000”
p "
’ FEBIX area 1122 4 0.001 Chl a FRFHIX. area 2.16 4 0.136
. Z=7 season 11.79 1 0.326
p o
FrHEIX area 130 4 0.001
I THRR 225 B (P<0.05); RN 25 F ik 35 (P<0.01).
Note: " means significant difference (P<0.05); " means highly significant difference (P<0.01).
&3 FREKpCO, SIKMEREFHIHEK KR
Tab. 3 Pearson correlation coefficients between pCO; and environmental factors
ZT5 season AR SORJE source of variability  FJE/KIE SST pH AR ICHLBRWEEE DIC M4k aChla  #fR% DO
HZ spring pCoO, 0.396 -0.394 0.906™ —0.866" -0.623"
HZ summer pCoO, 0.553" —0.364 0.656" —0.899" —0.852"

e *FR BE MK (P<0.05), **F R M 56(P<0.01).

Note: * denotes significant correlation(P<0.05), **denotes extremely significant collelation(P<0.01).
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Tab. 4 pCO;after temperature compensation in spring and pCO,in summer

v station

= X
season bivalves region

THIRFEX™
bivalves and kelps region

X

kelps region

2 HIX

control region

19# 18# 15# 14# 11#

6# S# 4# 3# 4w22 1# 1w21

*MEJGEZ spring  362.50 364.82 360.53 359.50 360.23 358.44 356.95 353.39 330.42
361.12 360.40 359.32 358.50 347.55 351.00 346.50 349.10 339.54

B2 summer

333.02 361.11 360.45 357.70
344.23 360.21 359.42 356.45

T R M5 IR0 DX R B W 2 25 5 1 3 (P<<0.01).

Note: ** denotes after temperature compensation, highly significant difference (P<0.01).

KIZMEK pCO, Ll EAMA IR 5 R F I3 %
5t AR X a7 SR IX RJZ K pCO,
St il MR R 5 H 22 RO (P<0.01),

3 e

31 IEETFHTIFE

S0V SR TR SR 2 B A TS, AR SR DL
A . DUBETR IR LU SO 37208 O U X 3
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A FH I [ 0 0 e 2 Vg T D e A 77 0 W B il 22—,
X PERRAE PR % e BB AR, AR ST
R, ZFRMEB A FREAEY N PER, £
YV KRS 1 sl &R X B S
X S o A B R, A2 AN [) 35 506 A W 3 B Y R
B ANFE T AR R . FREA T DIC
B AE BT i 2R IR X 347, e g (i HH A
DUZRFRFEIX 15#35 07, DIC 5 2 1 fe i (8 5 e MR A
FHZEZ) 164 umol/L. H TH&EXERKZ, H
A 22 /N AT DUHERR ¥ I % DIC 43 i 52 e 4
o BrLLEH FRFEIX DIC M5 B nT BE 5 77 5
W OGA AR B ISOR A 6

FRPE G Sh A B R W A B R . WA R 3R
B G SN 11 H R B 6 H 451 7
ARPEAR 8 H, RN IR O IR 585,
AW E AL T AN EARET Y, B2 DIC & ik s
THZ, )2 DIC MIRIE X AR Hh LA Mg A SR
Xo ArAT IR, A FH TR B SRR Y
TEAr, PN s E A, M SR X DA
Fe U1 IR SR DX N 9 PR AR 0 15 LA AE — 32 B[]
WHHE A K, FFLIEZ Chl a IEH R E TEHES
FEAEMG T IR 58 X B (R PR IFAE P A6 K T FE,

T DIC WRAE X A5 8K Hh BRAE VG A TR X, A%
DU AR A 52, DL FRAE X Y pH e fi. B
Z M A R, RITE N, LHUR IR
B DX 45 B TR [ R R DG OC 3R 5 1 SR 358 119 53k
i —5 1 B DO 5 Chla. DIC 5 T Al S
FETE A M . AR 22 KA i 2 L K DL 2
FU A BRI SR 52, 45 FREE R (R 2 oK S BUAH
KX AR UL, FRIEA Y B A BTG o] LA 37 5
WS HARE I AR B R AR, JF R I IR A I X
HEREE R TR A DG &R o
32 REBEKpCO T IFMER = MEZH

RIZMFIK pCO, Z AT HL  Ab~F ALY R &R
(5, Hod KR AR B R L R R R R
Z—US @, AT A AR pCO, FKIRATAE
BERIEA KR AR R B, S20075 B BR R
IR R TR E R, FRN B 24 KIE shiE
B, SZ BRI A KIS S 52, pCO, 5K iR
BOA 3 B AHCH:, iS5 DIC. Chl a LI DO
WEM, v, FREAEYNG I pCO, Ly £
R R Bl TR ok, R
FREE A Y 0 A ) AT A IR, SRR
H 3 AN W AT 20,y DUKIR I 46 %5 pCO,
AR R . B ZE pCO, B8 AL, 2K . 57
BTG Bl . TR A AE 22 B R 2 SR R

B 7 557 0I5 22 LA KGRIy FE 5 IX SRR AR
% AR I RV s A T 45 SR A X pCO, 7EA
[ 2R 25 57 0 35 o PRI I o S RE A T 45 95 IX A7
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PEAT TR M ST R B, T AT 57 B3 Bl AR A X sk
WMEESE BT W25 LI Y FRAH T o R it



1112 Hh [ K R A

F 24 8

T3 ORISR B i 6 SR 1K pC Oy 2R AR Y 52 i T 4
SEL, IS S T R R X
VAR K i B, A5 2R R R A X A R A
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Jo, KBS IR X Z 8] AR A A 22 R O R
KR, X — 25 S A R AN SR M — 5
% pCO, FRIAIX Z A 22 A &K, M —J5 HiiE
WA T 37 5 A ) A B B G R R K TR YT pCO,
(R RE IR — 38 . 352 DR TR 77 X Rl R b 47 7R
JERMz, RIZHK pCO iR TEZ, i ux—H
SR IN T — 7, Chauvaud 45110L &
Martin 22OV ERIF S B A DL SR BEVE 0 PERR IR B 5%
M) ) 2o e R 2 B D0 28 A K e R I R 5 £ B i
CO, VI R BBV, W\ Ry DL eV N %2 ke
TR o HARA YR A v I R e 30 D1 2R 3R A X A TR
DX, H 2 H A B Bl (3 A5 0% X 0 36 )2 1 K
pCO, fHiR i, HENKAKENRE T, A
) 24 D12 A K3 B B 3R 55 22 53 T BE L At R 2
MK pCO, FAAAN R BE BOSEIR o BT DAE DL 2R A
HE ) 5O IR A AR 2, DU IR B X A TR M
JG# 2K pCO, W F B 2, AT LATE B st #f
Wo I — i, IR R %, HOotAERS
KR COPY, S gt i 5 rp R 3 A DL 3 5
B EC B, IR SRR e, B AT R A A
Py ik A 1 0 T Rl S Al LR A R K T AR 2R D o
TR F% DX P (A5 ], DT (o 53 2 DL i J 7 X 3%
JZUFIK pCOL IR T H 2R, [AIEF, I3 AT 4 0 52 i 4
S5 X R 2K pCO, K T KA pCO, 11
SRR 22—, B LA V7 it 40 A [ iV A g A 72
AR, HR AR A, TR BT 2
B, PR E ZAME TCIERBR Y, MK A 2R
{FL T e 5 SR i e, M PR OR s, HONE
PEBR P RS IR A Bt T LB b S BB eIl 7Y
e F H Y.

ARHFFER I COp ERMVX B HEEREL pCO, %L
{8, FEMUIAIT SR P B 45 3R 2 TRk —

ALY T, BT AR, SRR SE pH
GSSTIER(SCNEE S T R R IR 3% N RO
EMRGE, BIRINE R JFEHUATR , (HJE S B
PN Ie— B o e R S 2 R A R
B, FREHAEW R B S R R EK pCO, HYR
/INE B DR TE PR T, S R R B R T PR AR ) LA
L BROK SCAE,  [R] IR SR G 5 6 SR A Tk DX K A
B —E SRR . RS TAR P = AT & Fh
TR R 2K pCO, 152 Wi L B A T[] 1)
VERIRRBE RYARDT, B il i v iy 12 ) A
SEARBEREAAE o
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Seasonal variations (spring and summer) of the surface seawater
pCO, in Sanggou Bay and corresponding impact factors
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Abstract: This study aimed to assess the effect of aquaculture activity, especially the cultivation of large algae
such as kelp, on the seasonal variation of pCO, in surface seawater. The pCO, and related parameters of the sur-
face water were measured by the OceanPack™ (SubCTech, Kiel, Germany) before and after kelp harvesting (May
and August, 2015) in a typical polyculture area in Sanggou Bay, China. The variations of pCO, and its corre-
sponding impact factors are discussed for different seasons and culture modes, and before and after kelp harvesting.
The results showed that: (1) the mean values of pCO, in the surface seawater during the spring and summer sea-
sons were (346.7+13.85) patm(1 atm=101325 Pa) and (351.50+8.00) patm in the inner bay, and those of the outer
waters were (353.42+0.71) patm and (358.0542.01) patm, respectively. All these values were lower than atmos-
pheric pCO,. (2) The horizontal distribution of pCO, decreased from the coast of the bay to the outside waters and
rose at the reference outer region. The lowest pCO, values in both seasons appeared in the algal culture area and
the highest values appeared in the shellfish culture area. (3) No significant correlation was found between pCO,
and water temperature in the spring; however, pCO, was significantly correlated with chlorophyll a and dissolved
oxygen, indicating that organic activity had a great impact on pCO,. In summer, after kelp harvesting, pCO, and
water temperature, dissolved inorganic carbon, chlorophyll a, and dissolved oxygen were significantly correlated.
(4) The pCO, values of Sanggou Bay and the adjacent outer surface waters were lower than the atmospheric pCO,,
showing that the bay acted as a sink for CO,. The algal culture area was a strong carbon sink zone, because its
pCO, value was much lower than that of the natural sea area. The shellfish culture area was a weak carbon sink
zone, because its pCO, value was slightly higher than that of the natural sea area. The pCO, values in the al-
gae-shellfish polyculture area were intermediate between the two monoculture areas. The photosynthetic activity
of kelp in spring was a major factor affecting the surface water pCO,. The aquaculture activity in Sanggou Bay
resulted in altered pCO, values compared with those of the natural sea area. The effects of physical factors on
surface water pCO, became apparent in summer owing to a lack of aquaculture in that season.
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