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Fig. 1 Location of sampling sites in Yantian Harbor
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Fr AT B ¥ M = ARl iR R,
SPSS 13. 0 F AR AN[R] 25 45 FHAS [ 38 457 19 TC AL s
A& VR EE  pCO, I CO, A4 i i i 47
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S, P <0.05 o2 B Bk £
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2.1 BERIKINEIF

VPR HEE R )Z KR MY AR AL B A
A R R KR B, O B 4 R
(23.38 £0.67) CHI1(29.97 £0.08) °C, /K
VA N B U0 T R AR 5 Bk R KR I T B
AL I E 16.61 ~19.71 C Z ], 4 ZE3R)ZK IR
VA (12.96 £0.27)°C, HZ pH £k, H7.53 =
0. 14, biubi i A, oAt 3 25152 KB SR
BE T pH A P, b 42 pH iR B,
F17.87 £0.05, HZRFZE pH 4351 7.71 0. 17
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F7.75 £0. 03, 73X 3 NFAT AL T T A
WAk X pH B FHAMDIREIX . WK R)Z R H
AR ERZAR A, F BN e BN s g
B AR AIE . B Rk B B i, P 4 {E H26. 66 +
1.60, ZZ= b BE A, SE A 19.03 +4.51,
Horp 6 F BUER 1 5 a3 2 LR
10. 30, Fk 2= F1 4 25 28 4k 3 [ 43 0 & 20. 03 ~
25.72F1119.73 ~24. 18, ZiFIEI 442 a(Chi. a)
R RN B WAL, B u FETE 1. 12 ~3.92
pe/L Z[a], 2= 5 5 6 S uifi; Chl. a & Lijf
AT %) A 3 007, e 38 3. 61 pg/Lo Il 4R
(DO) & ZFEfe iy, B (8. 14 £0.12) mg/L, 5
I, FHI{EIZ (6.49 £0.07) mg/L, HFZFEHMERZEN
(7.08 £0.28) mg/L F1(7.33 £0.04) mg/L, %
ISR AR X > AEFRIE X > DRI FRAE X > M)
FEFRFE X A S A RRAE (R 1) 6
2.2 REBKPENBERESIENETEN
P A, VDT R H s 3R 2 T K oLk
TR R4S A LU B AR N [ 251 ) 22 A% B 3% . DIC
M HCO, ¥ B2 48 A2 fk 15 [l 43 51 24 955. 00 ~
1 957. 081 905. 08 ~ 1 848. 13 wmol/L, F-2{ Ky
(1628.74 + 142. 84) pmol/L FI (1 536. 14 =
109.58) wmol/L, Hih HCO;™ J& H: o %2 A4 21 i A8
47, b A4 DIC SE34(H Y 94.32% ,Fk A& =i 3k
JZiEKE) HCO, WRE WA HF 4w, K
CO;~ 4E75 Akt Ky 10. 14 ~ 124,78 pmol/L, -
PIE M (70. 16 + 16. 42) umol/L, % 1 i & %
CO3™ Wi 1 3 i THAth 3 2475 CO, W EE 2
FASALTE 11. 48 ~39. 78 pmol/L Z [a], ¥ {H K
(22.44 +10.51) pmol/L, 5 CO;~ ¥ fEZ=Hi 54k
A, B A= CO, WRBEAR T HoAth 3 7, {0 3
DU I(E N 58.25% (£ 2) . [l —ZFT
CO, F1 CO3~ Ay J5 78 A ) st 37 =2 ) 22 S Sk 3 A0l
e 3, M DIC A1 HCO5™ e B2 £k ] — =747 (1 A [
W Z M 2ZERARE(FK3),
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*k1 AREVREBKERSY
Tab.1 The basic parameters of surface water in different seasons
4y ki C . R MR a ey e
season temperature b salnity Chl.a/(pg/L)  DO/(mg/L)
2012.11 SF-H4%5 average value 17.57 £0.95 7.75+0.03 23.76 £1.63 1.47 £0.40 7.33 £0.04
k= autumn YUl range 16.61 ~19.71 7.72~7.81 20.03 ~25.72 0.95~2.02 7.27~7.42
2013.2 SEA5 % average value 12.96 £0.27 7.87£0.05 23.27+1.91 1.12£0.15 8.14 +0.12
A Z% winter Y0 [ range 12.61 ~13.63 7.81~7.95 19.73 ~24.18 0.88 ~1.34 7.94 ~8.31
2013.5 4% average value 23.38 £0.67 7.71 £0.17 19.03 +4.51 3.92+2.88 7.08 £0.28
2 spring JG Il range 22.01 ~23.94 7.36 ~7.96 10.31 ~22.39 0.85~9.62 6.62 ~7.43
2013.8 A% average value 29.97 £0.08 7.53+£0.14 26.66 £1.60 2.61 £0.53 6.49 +0.07
K2 summer J0 [ range 29.98 ~30. 14 7.32~7.74 24.05~28.83 1.81~3.63 6.33 ~6.56
#2 AAETREBKENBRERESERE
Tab.2 DIC concentration and its component forms in different seasons pmol/L
Z=Y season DIC HCO; Co%- Co,
2012. 11 4% average value 1730.12 £78.88 1643.63 £72.20 59.93 £8.87 26.55 £2.08
k= autumn JUHE range 1555.90 ~1 812.52 1483.01 ~1716.49 47.83 ~79.32 22.25~29.17
2013.2 SE345%4 average value 1849.02 +161.82 1755.21 £151.20 69.47 £13.11 24.34 £2.99
£ Z% winter YU range 1401.14 ~1957.08 1335.01 ~1848.13 45.20 ~87.83 20.93 ~30.41
2013.5 4% average value 1446. 17 £260.47 1366.94 +241.63 55.3 +£27.73 23.93 £7.54
FHZ spring JU | range 955.00 ~1720.97 905.08 ~1626.94 10. 14 ~92.37 12.8 ~39.78
2013.8 SEA5% average value 1479.49 +205.25 1368.02 +190. 54 96.94 +15.33 14.53 £2.69
2% summer U, [ range 1215.9 ~1835.9 1123.3 ~1694. 11 74.5 ~124.78 11.48 ~18.82
R3 FARFETREBKENBEFRESENNEARTZHH
Tab.3 Two-way ANOVA tests of CO, system in different seasons
A5 variables A5 S source of variables df F P
DIC Vi station 9 1.695 1 0.1390
Z=7Y season 3 12.389 8 0.0000" *
HCO; ¥V station 9 1.529 6 0.187 9
Z=4Y5 season 3 14.124 4 0.0000"*
co- Ui station 9 5.963 3 0.0001*"*
} ZE15 season 3 25.397 8 0.0000**
co ¥ station 9 2.8050 0.0183*
: Z4 season 3 21.590 8 0.0000"*

Tt R P<0.05, " " FUREFHELE P <0.01,

Note: * means significant difference, P <0.05;

2.3 HHEEBEREBKpCO, HIBT= 57 T HFE

Hh s RIZ K pCO, HYF-TH 73 A5 40 151 2
B, T3R5 K IR R G R 420, i
WigKh pCO, WA A 5], M40 B %
PaAT A, 22 2 K o pCO, 1Y 4R 72 AL U
391.27 ~1 200. 49 patm, -2 K (6 52. 71 +
51.73) patm, FZEMKZE pCO, M F-IE 570
(744.44 £ 62.56) patm F (724. 66 + 58. 41)
patm, 22 FOR 2 (P =0.740) ; 4R 5 H R 2 b
LR G TN (572,99 £32.63) patm I
(561.89 + 28.37) patm, i (L FHKEMES
(Puy =0. 015 Py, =0. 006, Pyy = 0. 009 F

means highly significant difference, P <0.01.

Pyy =0.004) WL 4, K pCO, HIfEAENR]—Z
T A [ 3l 7 22 8] 9 22 5 f 3 (P =0..039, %
5) AEARIZET Z 18] 9 22 Al 2.2 (P =0.001) .
B A 3 AT R B AR R RS, T T
AR 1) Vi 35 Sl S TR A UK HR R R TG L
i , (75 pCO, IR s P 2 AR 3 ST R
JZiEKH pCO, s A AR R, B L3 ) T
WA WTRRAIG ; B 2 R T R B 10 25 1 0,5 5 A 6
UGN Chl. a SR AL T i IR i AR
P3G sl pCO, o3 Ais F B Ay rh 38 DX I I K, 170
A i AR SRR A R A

http: //www. shhydxxb. com



110 ISR I NI S 24 %
N N
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26.70 ‘ 26.70 .
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(a) 2012.11 (b) 2013.02
N N
26. 85 26. 85 j}
26.821 26. 82
26. 791 26. 79
26. 76 @ 391~622 | 26.76 @ 438~443
@ 622~686 @ 443~526
26. 73 @ 686~806 | 96 73 @ 526635
@ 3806~972 /7 @ 635646
972~1201 v ° 646~748
26.70 . 26.70 - ‘
119.75 119.78 119.81 119.84 E 119.75 119.78 119.81 119.84 E
(c) 2013.05 (d) 2013. 08
E2 #HHABREHKpCO, 5% (patm)
Fig.2 Distribution of sea surface pCO, in Yantian Harbor ( patm)
*4 FEFTEREEKPCO, 2.4 HhHE#EE-SHERCO, XMEE
Tab.4 Sea surface pCO, in different seasons tm N e I <
— P o wa h FH S i - E CO, S48 38 Y 221 78
=0 season Py
e Mo 25 == N
2012.11 SEIEL average value  724.66 +58.41 /ﬂ:ﬂ‘%‘ ’ % 45'5 U ﬁl‘ E C02 x ﬁ @ AL lil Tj_i

FZF autumn il range 649.59 ~784.81 0.25~6.93 umol/(m® - d) Z[H], ¥ ¥ {H N

2013.2 SEHIEL average value  572.99 £32.63 2 T e
+ .

K7 winter ] range 489.63 ~715.93 (2.54£0.92) pmol/(m” - d), FH H KT CO,
2013.5 P average value 744 44 £62.56 . SRR B RS CO, A4 &
Z spri J ] - N
7 spring Y range 391.27 ~1 200.49 E@jij {E j‘j ( 3.37 + 0. 88 ) },LHIOI/( m2 . d ) ﬂl
2013.8 SEHPEL average value  561.89 +28.37 2 o e

EZ summer JU.FE range 438.28 ~747.55 (3 12 i185)P~mOl/(m : d) s%#%ﬁ%‘(ﬁl =

RS AEFTEKpCO, WHTEDT
Tab.5 Two-way ANOVA tests of
sea surface pCO, in different seasons

AR A B sp 3
e 2 7’60/?\ df P p
variables source of variables
g7k pCO, (L station 9 2.376 0.039*
CO, of
P o Z=5 season 3 7.219  0.001**

seawater

T " FREREE P<0.05, » = FRFEFWEPE P <0.01,

Note: *

means significant difference, P <0.05; " means highly

significant difference, P <0.01.
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0.553) , & Z= - M (2. 304 £0.72) wmol (/m’
-d), BERT (P =0.029) (HEHF2%5H
AWE(P=0.102); 525N TK HFMEE
(P=0.000.P=0.001F1P=0.043) 1136 .7,
P 3 L FERK A R 3 =T b, Eh S CO,
A3 T A BN R 1) T YA WA, TR i T
FEARRE X L BVRES T 3 S RAWTFRIEIX F1 4 5
DR FRGE X 7E 5 2 3R My DA A 38 DX 3 )L 9
TR SR IR S BR T 10 Sk i, AT b



1 3] TR R, A VDV R T K SR TR I I - I CO, SCiftuid B I 23 8 4k 111

{7 )R A 5 77 L DX ) R 7 L IX 3 0 A 5 5 x7 AREVE-SFE CO, IBENHE N

» Tab.7 Two-way ANOVA tests of sea-air
TR AERAIX. -
CO, flux in different seasons
AR I =
*6 ARFTFE-SHECO, XHhiBELF e T P
variables source of variables
Tab.6 Sea-air CO, flux in different CO, EHWGERE  35{7 station 9 26169 0056°
seasons p]nol/( In2 . d) COZ fulx ﬂj%ﬂﬁ_ season 3 10.835 1 0.0001**
=— - o SRS H P<0.05,  JoR S P <0.01,
= — Note: " means significant difference, P < 0. 05; * " means highly
2012.11 S HIEL average value 3.37+0.48 significant difference, P <0.01.
FKZE sutumn YU range 2.43 ~3.96
2013.2 SEHEL average value  2.30 £0.72 2.5 iﬁ_E"ﬁﬁ C()2 ﬁ?&ﬁ§57kﬂ{iﬁ¥ﬁ(]
A Z% winter JLHE range 1.41 ~3.74 .
1
2013.5 SEYS %L average value 3.12+1.85 *H?’é l‘i
H7 spring JE[H range 0.25 ~6.93 H1 8 R, NRAE R REESR R, -0 AT
2013.8 SEHEL average value 1.29 +0.68 C02 ﬁjﬁ%@%'ﬁ pH *&E%ﬁ*ﬁa‘é’ Lﬁﬁg ( S) ﬂ':l]
HZ summer Y0 range 0.52~2.39

EBREE (TA) W 2E DRSS, TS AR RS I 1 A

N N
26. 85 26. 85 4 /7} s
==
26. 82 26. 82 @
Iy e )
° %
"
26.79 26.79 9 @
Sy
e o
26.76 ® 2.42~3.0626.76 ® 1.31~1.78
@ 3.06~3.52 f o - @® 1.78~2.05
2. 73 @ 3.52~3.68 96 75 ?j @ 2.05~2.51
@ 3.68-3.86 s - > @:2.51~3.02
@:3.8~3.9 é; ol | @3.02~3.76
26. 70 26. 70 2
119.75 119.78 119.81 119.84 E 119.75 119.78 119.81 119.84 E
(a) 2012. 11 (b) 2013. 02
N T N
26.85 r?’ /71 26.85 QT; /l
( o =
26.82 o 26. 82 5‘(
. H/)Daﬁ ) ® ? e /4/%2
26.79} < e @ 26.79} < /e ® N
N & r/’\m,.ﬁﬁ ~, © SU N
g‘/ o G/ 2 ) ,%?
26. 76 | - yal @ 0.25~2.17| 26.76 g ¥ ® 0.41~0.54
/” ° @ 2.17~2.57 /S e <, @ 0.54~1.07
=
o / . @3.52~5.05 o _ @ 1.73~1.83
¢ /5“? @:s.05-6.93 < /7 @ i.s3-251
26. 70 o 26. 70 2 2
119.75 119.78 119.81 119.84 E 119.75 119.78 119.81 119.84 E
(¢) 2013.05 (d) 2013.08

3 HMEBE-S5E CO, XBEE5 % (patm)
Fig.3 Distribution of sea-air CO, flux ( patm) in Yantian Harbor
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112 B SR = SRy N = 1 24 &

XK. MARRIZETTRA, CO, el 5 4 13
Y pH 53 R 53 0URI 3G 5 )2 /KR (SST) A
R (S) 4 BFFT CO, Sl i IR BE
T;DIC FMUEBHE (TA) G ZZFT5 Co, &2
el R T 55 46, B CO, LHul i
DO £ 5 B UM, T4 2151 Chl. a YRS
CO, A4t 4 T6 B 2 A AR e

3 e

3.1 HEEFREEKpCO, KR

VNV R R T A A AR LT i
(N 2Rt ) AL T S U N
o ASHIFSESE R, £ T 2 )2 1K DIC ¥ i
RT3k [ b 77 i 750 3 25 5% 9 5 R EL 1L 7 DIC
e AT fil 5 P T A 1 B X (37 45 K
S . BESE R, F£IZK pCO, Z 54 Fif
WyBE A2 AW AR B, K L B R L IR
J¥ .pH N P Chl. a PP 21 Horp Wy B 72 40
K B R EEM RN " S
S5 P A PO S ) R B ey b 9 BT 90 T 0
T VK RS R R, S B0 K R R R A
BRI, CO, RN /K BV A B 2 A
5FRIZMK pCO, H_EUER T WEREAK Y 7 A a5
FH—2,

R4 A AR IR R 2 K pCO, FIK IR
ZIRIFEAE S B IE A S o HIT R R A R A
RGPS pCO, B3 A FETE R BORINA
B R TR L pCo, MR . A
SAFRT BEIE I =V VE R)Z K pCO, 23 (8] 434

TEASHT Y, B RERKLE KT 2
g, CO, MV i B2 R 2 R R, A T CO, M
IR AT 6 F s B 22 910 K70 2k
B ARRE A 7K R B R R B T = TR AR )
BIIRAEE (2. 72 x 10* ~ 16. 23 x 10* cells/L) 3
i T ALY FRIFAE YA A 2 R K
[y pCO, ™ XTI AE S 8 H 1 6 I ¥ 2k 322 30
G WG AL pCO, AR T HA =5 A SR A

AR HESTEAE N 10 H 4y T b KA T e 20
SEFRHH , 2 12 F A I b Bl S TE 4 A v R b i
[ERFEERIR AL/ S H o £h HHHS o 20 5 Aty
Rk 1) DXl A v AR AR S 19T 1 X, R
SRR AT S RT3 38 30 06 A 1R A K iy
Ve TR A A LI , oK A4 e ) DIC, i
BKMAH pCO, HPTREMG. B, Bk (11 ) |
Z7x(2 H)MEZE(S H) RZ#EK pCo, 1= [H]
ARSI A £ UV I R AL TS K
R A SR X S, Eh R ZR(8 H) TG RM
RO AR B, TR 2K pCO, B IEH 5
Syt pCO, (EART K A FIAR 2 1 AH I X 35
DU AR A sk i v sk P 18 A D R 505 A A T R T
CO, Wit AR A ™ 77, Rt g 2z
KA IR5H X pCO, A FHE AT . 4 S R4
TR IXAEBZEFE TR pCO, (IR T4ARIE iy D 2K 5551
X AR FREE X, f8 2 HE M AN 5 P 7532 DX K AR
B E  MAMEZIIREX Chl. a 1£ 3. 42 ~
8.62 peg/L Z[a], ¥F ¥ A ) 1 06 A AE R BEAIR
pCO, M FEZETTHR

®8 CO, XTHBESKMERFHHEXRELY

Tab.8 Pearson correlation coefficients between sea-air CO, flux and environmental factors

75 S source of variables

Z=Y season

pH FJZ /K SST DIC DO M4tZ a Chl .a TR salinity SR TA
2012. 11
-0.934"" -0.510 0.259 0.081 0.097 0. 140 0.143
ﬂ(é autumn
2013.2
-0.657" 0.798 * * 0.340 -0.157 -0.269 -0.667" 0.250
K25 winter
2013.5 ) ) )
-0.970* " 0.654 = -0.652" -0.666 " -0.163 -0.793" " -0.706 "
# % spring
2013.8
-0.735"" 0.601 0.792** -0.519 0.349 -0.505 0.747" "
H Z% summer
20 . '
-0.801 " -0.301 -0.022 0.114 -0.061 -0.699 " -0.157*

the whole year

T FORMRME R P <0.05, " " FORMIRMER 3 P <0.01,

Note: * means significant difference, P <0.05;
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* " means highly significant difference,P <0.01.
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3.2 B-EREO, SHREBNEFTUSHN

R HHE DI B R B RS CO, M5 IR,
A 5 B 55 0 15 L L L R T 3 L e ¥
KA IR FE R RS CO, pic o220
SRICTEL g T I U A 0 4 30 3 06 5 1 T R A1
7K pCO, [EX F WA HAD AR A . — 7
THT , M5 50 1 A 05 7 T T L 55 194 65 bk
w5 R R P [ BE i €O, R, 3 F 4
{1 POV AES S 7 L B PRI , £ 2 AR A
i CO, MY s B — Oy T AR S AR TS
Yt A LI B SRRV e TR, o022 K TR ¥ 0 )
HA R A5 = 0 1 VI Vs 3R 0 R By
CO, SR, h HIHE B g O, ASHk i
BEMRTHALEY X 7] fg 5 5 % DIC ki A >
TR W B ZUR e A X Bak, v
11 X35 1 A X3 1) 7K S 3l % 1 1 2 S S
SR I - LT O, ASHUM N 23 25 5711
Bz — (HE A 1 Tt — 05

AP 2K pCO, /KR Z B 77 AE
BEMIEMAEGER", HhHdE 4 T AR
A, LA & B2 pCO, 53 Fh 3k i MUE A —
B hIHWEH TG-S 0, 22l i 5 DIC
KA DO B2 3 R 5, 22 WK K 1 ) B i
FIAEWI 3 64 88 4 1 F 7 0 pCO, 754k, 3@
W WIS H WO AR R DO & ik 3
BG5S T, B PV MR 85 R I 213
B B A, ) Bt I 2 7K T T 28 R 3 2 o o
RN, ALY B A 0 e LI ( Chl. a 55 55
{4 9.62 pe/L) , HILE M F A= 5 1A 1E
JE AT B 5 M S VG- P AT O, ASHii ikt 32
FEHZ —, th HEE Z- AR 0, A0l
5 pH \DIC Il TA B4, 5 DO I B EH
MK T, BRI Y641 5 i 26
WeH K FRIZM pCO, M EEREZ —, HHE
LA 5174 DIC %y AT REAL R -RT O, 38
ol EE A SR, WHORE, SR T
265 FR B R e R W] CO, A i i i % 5 37
B A PR W 2 B A R A B et
FRAR A 1R RIS 3

ATIFSE 45 %ok 4 0 7K 3 9 1 S A A5 A
IR T30 K F7 50 1T 45 5 2 JR R LA — 5 1Y
5T S0, R A 1, U O R ML A e B
CO, A4 5t 5 K h 7 32 581X 46 97 61X L

7 TR B X AR 1L, B AR CO, T5LDR 55
T S RS 1) 58 A0 8 AR R v 8% Dk 5
R pCO, , 3 185 F7 58 W 3 25 25 R B8 W I
CO, MIRETT . GAO %5 BFFE A A K Y I 3 AN X
WK AR CO, , [T Xt HCO, HA 438 1 1%
WehE ST, REELHEMIR HCO; VR AMESC A1 AT HY
RS AT LT B 2 78 37 2 UK I 25 45 37 9 AT A —
SEFLRE bR 20 sl 3R 5 X - W O,
IR, A SRR S BT AR R T
B IR 1R 28 1A 27 S0, TG 7 94 5 9 IX Sk 1
HERIREL A R A I 24t TR AR ST . HIt,
37 A2V 7 1 VS 52 51 X pCO, Fl €O,
A — R G AHE R R BRE , 30K 1A R
AT B A
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Seasonal variation of sea-air CO, flux in mariculture area in Yantian
Harbor, Sansha Bay

WEI Zhangliang'*, HAN Hongbin', HU Ming', WU Hailong', ZHANG Jianheng’, HUO Yuanzi'’, HE
Peimin'’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Water Environment and
Ecology Engineering Center of Shanghai Institute of Higher Education, Shanghai Ocean University, Shanghai 201306, China;

3. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Based on the investigation data of pH, total alkalinity (TA), sea surface temperature ( SST),
salinity (S), dissolved oxygen (DO), dissolved inorganic carbon (DIC), Chl. a, etc. during four cruises
from November 2012 to August 2013, the spatial and seasonal variations of dissolved inorganic carbon system
parameters and aqueous pCO, were investigated in a large-scale mariculture area in Yantian Harbor, Sansha
Bay. And the sea-air CO, flux was also evaluated. The results showed that the annual concentration of DIC,
HCO; , CO;™ and CO, was in the range of 955 —1957.08,905.08 —1848. 13, 10. 14 —124.78 and 11.48 —
39.78 wmol/L, respectively. There were significant differences between seasons in concentrations of DIC,
HCO; , CO;™ and CO,(P <0.01). The annual value of aqueous pCO, was in the range of 391.27 —1 200.
49patm, and sea — air CO, flux was in the range of 0.252 —6.925 pmol/ (m” - d). These demonstrated that
the Yantian Harbor was the weak source of atmospheric CO,. There was significant difference for sea-air CO,
between different sampling sites (P <0.05) , and highly significant difference between different seasons (P <
0.01). The sea-air CO, flux was the highest in autumn and spring, and was the lowest in summer. The sea-
air CO, flux in winter was lower than that in autumn, but there was no significant difference with that in
spring. The sea-air CO, flux was lower in the bay mouth than that in the upstream sea area in autumn, spring
and winter. Distribution of pCO, and sea-air CO, flux were mainly controlled by hydrological conditions and
biological uptake in Yantian Harbor. The large-scale seaweed aquaculture is helpful diffusion of CO, across
the sea-air interface.

Key words: Yantian Harbor; pCO, ; CO, flux; mariculture; large-scale seaweed
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