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HAAR, HETRHE R AR CO, MTEIRARIE &
AR Z D GYIHBACERIT AT T4 RS L HEAR
Fouts, HOI Rz NS THRIZL A F RN R E 4
STV Sl B A (1 ST A VI, LV T2 0 A AR 22 R
BRI, JEeAE, 23 R N 25 A BRI AR i XL

SN, WA S A 25 BT 5 A SR R AE
ST R A 2 R R, VR T SR 7 55 2R - 2010
AEIY 56% FREZR 2019 4F1 36.5%. fioBid ARSI,
fa R A IIREA: R R SRR CO, WILE, TR ARSI
AWK COy RUTRPY, [RIL, At sl ok A 245
RGN R S A PSR HE FR O AR .
A= W FESA R 35 PT R S iRk CO, Y U5 1
MCEEIN 2 . SZIREE | SR | LR R A, i
B A YRR I R E A e B E N AR
(9101 n] e 2L CO ILTRJB MR AYEEAS, 15 H A WLAE
FIHGE o PRI, ARBFFE 3T 2022 4F 11 H (FkZ2) A1 2023
AE 2 A (&)W T AR IR SRR R UE AT T A4,
HH MR IE I K Z7 A AT I K pCO,
(RO ATRRAE R R

1 AR5

1.1 AREBREMERE
WA T RS B R (8 1), IR
LY IIRE DX, TS X TR Y 93 AW, A
WA 42 Fh, RPN 7R A B (Acropora pruinosa) .
V8 5 U B (Porites lutea) . 48 TE RE 1 B (Acropora
digitifera) . TSI (Favia favus). [R5 Ik
(Platygyra carnosus) " 58 I K IR R 10~15 m,
JTEHRTN, A — 452 1 M/ NI (AR ), i
SR RAEAL T —JOK BbRifE, & F AR U2,

22.565°

22.555°

22.545°

114.56° 114.6°E
BT it v el A5 ol o7 ]
Survey station map of Yangmeikeng sea area
T 1 OO HEAC I At DX e

114.57° 114.58° 114.59°

Fig. 1
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T 2022 4F 11 H (#kZ) M1 2023 4F- 2 H(&2), Xy
MESOBESIEA T 2 TR A, BRI 20 4>
UL 1), HAshfi 1, 2, 5, 6. 9. 13 A1 17 {7 T3
W X R A H AR | R AR a(Chla),
WAR4A(DO) . pH FILEBHEE (TA)., FH Niskin R /K25 K4
RIZHIEIZME KRS, BRI 5% (Guide to Best
Practices for Ocean CO, measurements ) [BIRAEERVERL
JHEAT, AKFERRAEIFHIK R: DO, pH #1 TA, pH
FESEAETE 50 mL BIGERRERBY B (e TE S 3k
500 CHybe 6 h), ARG FEH AR FINAIE CRE
J& 10 min PANIE) o TA FEABEETE 100 mL =% 3R
CAFINSEAE S%HCHE W iR 48 h, FHEAIKIETE
3~5 i), WO 0.1%EF AT HgCl e %, i
BEAEBAL, S % T
1.2 oHFik

K ZZHOK BT (GEE Y ST EXO2)H 5 K IK,
IFHIERE . R . DO Fil Chla, 4 FPZSEAKS
35 °8£0.05 C () £0.01(ERE) \+0.5 pmol/L(DO)
F10.01 pg/Lo I HIEIR R WAL RO L O EE
KEIEARAFH) DO Ml Chla B4, Ak, M4 Weiss J7
FRUS) ZELREE EhEEF DO Bk W kE A =
(AOU), [Fli, M4 CADEE ZEU6HE )5 A R
ORI = T

7K pH i B 45 Orion®8107BNRoss 414 Hi i
(AR 2 pH T BRI A2, pH b B2 Sk VB FFR B (pHo),
I P A 28 PR — 0% R R 2 B FR 6 (Tris) (25 °C ), pHL =
8.093 6)1 2-Z JLMLIE(25 CHY, pH = 6.787)bRifEA M
HEATRSHE, A585 B H+0.001 pH BA07 . HE7K TA AT,
P41 IR 5 (B R R ) FE A UL ) IR &
25 ‘C(£0.1 ‘C), TA i@t Gran i@ EME, AR
AT 3 W, SPATRE S B A R 2£<0.1%.  BEAh,
FESIRITFE, R A. G. Dickson SZH6 % $ A At v
77K (Batch 190, ARFR{A: 2 218.31 pumol/L)FEAT %43
BrO7, FRUEREZK TA B0 E 25 R SRR I 25 <0.1%.

17K B DIC 1 CO, 43 [ (pCO,)id it pHr. TA.
P V2 1D S = W R 7 & =S N o T AR 7R
CO2SYS % f4(CDIAC, http://cdiac.ornl. gov)it & 3K
3081 SRR A T LUEKER 251N il 5 2 1) A
BHBU(K) A Ky), DICKSONPOMIE (1 R 4 — 2
XL it B (Ks) I LEE 25 RV A (9 BB AR M6 B (Br) o
IeAh, EJR SR A Y BRHERN3.1.2 %), AT
IR A AE A 22300 %) pCO, BT, X pCO,
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PEAT IR E FIER B 0 0 — b Aab B, Hi pCOs@21 5205
71 Tk BE (R 22 A 22 00 - S0 B ) I8 — e 25 21, i
npCOar@n1 520 7% 7 T FE (OF- 2116 BE ) R4 BE (G- 3 3 )
IH— LAk B 25 S 221
1.3 ZABKREE
1.3.1 MK A YRR Lk
R 5 K2R RN A ZR I K BUAE IR X pC O, Y5
M, EEL 4 MRS EEOL 5. 6. 7 A 8)IEFTIREK
RIS, BAKI S, ¥ GF/F BB IE 5 K%
FEEFE, Hh A 1 mL AR WA
X IREL, 53— A AT AT AL S, SEIRTE MRS SR i
17 48 h, BRAHBE 3 APAT, MR E A R K )
SR Bk 2 23.5+0.5 CHILZE: 19.5+0.5 C), 4%
BIFESCIGRYEE 0, 12, 24, 48 h IE R I3 R G hilEK
(1Y) DIC 1 TA VKJE . THAE PRI %EE K DIC Fil TA (7
M (Rpic A1 Rra) AT LRGN T A 3RS
Roic = (ko — k) X 24, Rra = (ko — k) x 24
K ko A1k 43 B AL REE S 4 b DIC 5%
TA(pmol/kg) X} B[] (h) i £ 1 [l 1 A %
1.3.2 WAL
51300 Rk, o b S ()i K
pHr Fl TA Wk EE (72 Ak, FRFTIIIFCI XTI K pCO, (1)
S o S50 I A A AU 5 DL SR I (FE RE £
WY v RIS . R TE RE AR M . RO SR |
PR T it 0 SRR ) o 4 0] 2 Ak 2 R 2% 2 e 0 (R SR A o
WA T 53540 Th SRR R I K), IFFE 2 h N
iz s . R, SR4E 80 L /K, 4 GF/F JEfkid
P L0 = TR SR R R SR
FTRSLIG ST, B AN [RIF0 2S00 S L 8 1) 2he
A 5 L it ik iy B G R 48 h(12 hOBRRY
12 h 1) 340, BN ik g K 3 5 R AR by kit
PR S0 I B RO B S5 A5 Sk i) e 0 T ) -S40 L
(FkZE: 23.5+0.5 ‘CHILZE: 19.5£0.5 C)HIFR0 MR
B2 (FkZ=: 130 umol/(m?-s)FlI4ZE: 115 pmol/(m?-s)). M
BIREXTEE K DIC F TA FI52 M (Con AT Cra) AT AR
W AR
Coir = (DICy — DICo) x V % p/(S % ) x 24,
Cra = (TA, — TAo) X V % p/(S % f) x 24,
A DIC(TAo) 1 DIC\(TA )53 i)k S 50 9) b A e ¢
DIC(TA)MAAE, o, DIC ¥ JEMRHE pHr. TA. /K
RN BE L R A AR R A S A A 0 4R At Y
CO2SYS #AiFHBAR1E, V REEFR KAL),

'M@Ammw

p(kg/m?) R G/K B, ¢ Jy LB H R (h), S R RHIsmy
R (em?), RIAB L ERAH,

1.4 ZKFELAE

14.1 B-SF®E COBEITHE

TSI CO, 38 1t 2 T B A P f B i A L
WSz —, HitH AT

FCO; =k x Ko X (pCO2sca — pCO2air)
Forp Ko & CO» BHE A JEE BB, k(AL em/h) /& CO,
AT AL A R B TERXIUFFE D, k J2l i SWEENEY
A 24251f) Wanninkhof(1992)f& 11 J5 B 11473545
J=0.27 % u10® % (Sc/660)03,

Hop: Sc J& M K H ) Schmidt %, AR 4
WANNINKHOFZ Wi #) I B THEAT o wno TR
PLE 10 m @R . AWFIE w52 I E KK R R
2F 80 0 (http: //ocean.geodata.cn)95R 45
142 k. &ZF pCO ¥ MM — 4T HHAY

FIIH XUE 882728048t i) — 4 i e e R
B HE-SAcH . IRG T BRAEY S ROCEIEN .
WP 2 A FE R A Q) X 7K pC O, 25745 A8 Ak 1Y) BTHIK o
BARWF, BRREVIEBIEY o, KR E
(T). TREE(S)FI TA | DIC F1 pCOL 4354 Ty Sy TA;
DICy Fl pCOa1o SPGB 1, 0], XKLL Ry
Ty, Sy, TA;. DIC, #1 pCOz20 M 1 B i FE, TA
DIC Fll pCO, W AE AL AT 7R A

ANTA=TA»-TAI=ATA o+ ATA 1w,

ADIC=DIC>~-DIC,=/ADIC s+ ADIC s+ /\DIC s,
ApCO; = pCO2—pCO21=ApCOxmiyt ApCOxiyt A
PCOayt ApCOxam),
A REET. RET. R M AR ik
N IREG R RS YRR
Wi o YR EEXT pCO, M EEMIRY, fR4F DIC #l TA
fE5E, U CO2SYS #ME ARG il R R/, 3t
=N pCO, AR AL:

ApCOsm = f(DICy, TAy, Si, T2)~(pCOx),

PRI, ok B Rk 88 A% 02 98 A ) 27 00 (1 i
). W Tz BRI AT T Ak, BRIEET
KA EHE R ARG AE A Y B I B, 7
TESFRARIE P TR, Fln, XFTIRAG R

ATA we= TA1x(S2—51)/S1,
ADIC 4= DIC1x (S:-S1) / Sh,

ApCOuprsry = f (DICiH+ADIC ws), (TA+ATA we), So, T1)—
PCO)16
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CO, M3 A8 M 1 FE AR S MU G /K T DIC BMRBE,
X TA ARP=Asem, % B Xt pCO, iy BTk T 38 ik 4
TR

ADIC #+x=-FCOyx(t2-t1) / (pxH) ,

ApCOxisy = f(DIC; +ADIC i), TA1, S1, T1) ~(pCO1
Ko p RGKE R, H R KIRE)ZRE . e FAR
(3 A2 AT RS AR it AR R, H TR A E
F L PR AE A R . At B AT pCO, (1Y
A IR GBUND N /N W I
ADIC 15=/ADIC~(ADIC s+ ADIC -+ /ADIC ) ,
ATA 4 =-17/106x ADIC 14,
ApCOsein=f (DIC\+ADIC ws), (TA\+/ATA w1, S1, Th)

.MmAmmf

2 #X
2.1 FRFEAK

PRIAT ], KIS . $hEE . Chla Fil DO {AAYYEIH
I35k 18.7~25.1 °C.31.0~33.2,0.11~7.05 pg/L £ 203.4~
237.8 pmol/L. WKl 2 iz, k. A&ZREKIREEFIERREFE
FRERISEIEALRBY ], TIRKZRHEK DO & R R
G EREARE 2), AW kR, £, RZEKIR
JETERK G R I R i LR oA i AR )2
FREBAR T PURA AR, RJZIR BRI i s a]
225(K 3a~3d), XTUKEREE, HAMRBOIS), Bk
BT 32~33, AAERKTAAHHR 1 Ab R — MR/ IME(31.0),

~(pCO)1- RIAREIRA AT N
HE/C i DO/(umol/L)
18 20 22 24 26 32 3 34 150 200 250 300 350
0r S T OO * ok ottt
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Fig. 2 Concentration characteristics of temperature, salinity and DO intheseawater
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K3 £, JKEWKEE @), thE (D). Chla(c)fl DO(D) K57

Fig. 3 The horizontal distribution characteristics of temperature (a), salinity (b), Chla (c¢) and DO (d) in surface and bottom

seawater

Al 3i~3p s, TEARIZET, . JIRJEIEK Chla
1 DO W& R B w2 5. Horh, fkZRifgEK
Chla By &HEFEZ: 3.28+1.70 pg/L, i§/Z: 3.20+1.30 pg/L)
BEFTAZ0.4550.22 1 0.46+0.23 pg/L). 2550
KA, BKZE Chla BEiA S IUPUHS = TAREBAY /3 AAFAE, 1M
42 Chla AR ZHW 1 125 A28k

5j Chla 2 {625, BKZEIF/K DO & i i 2w T4
Z=. AW b, BRERIZEK DO RHE R . AR5
ATRAE, T2 2T T R i o Ak, AL
BME, 422K DO %5 M 25 58 i 3 (] 3m~3p).

2.2 EE2RAIBKAEHK
2.2.1 TA. DIC #l pHr

BEFR. RIZMWK TA BARRIERR 1 976.7~
2221.6 pmol/kg, “FIE K 2 167.3+49.6 umol/kg(F£)Z)
12 181.3£12.5 umol/kg(iK)2). ML, 42K TA
HIAR RN, e FEJER A 2 190.7~2 233.1 umol/kg,
F | RJZEME N 2 214.0+8.4 F1 2 220.4+9.7 pmol/kg.
KRR, BER. IRZERKMELEIR)ZEK TA
AR R PR R LR R R AR RE, X 54 FEREE
IKEAHR B AR 4a~4d).

2280

i . 1 @E 2214

R o ol 2 um \ 2148

. 3 2w G Q) 2082

O e . - X 2016

Z)ZTA/(umol/kg) 2 A | IEZTA/(umol/kg) 2 ZFJZTA/(umol/kg) JI$JZTA/(umol/kg) ~ 1050
(@) (b) () (d)

0 D

@
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2055
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Fig. 4 The horizontal distribution characteristics of TA(a~d), DIC(e~h)and pHr in surface and bottom seawater

187K DIC ¥k FEARALYE M 1 655.3~2 020.2 pmol/kg,
Tk AZZRIZ(RZ)DIC BFEIES 5 1 847.9+55.4
(1 887.2+18.4)F1 1 999.1+12.4(2 008.1£9.6)umol/kg. 5
TA I AARRL, Bk | RJR KA Z R )R K
DIC ARSI AR L1 i Y 73 A RPALE

WA I K pHr AR LI FE A 8.074~8.200.
FKZ3R)ZHEIK pHy 5 B0V 5 1] 2R 73 0o 1) 70 A1 i 4,
X5 DO W4 AH— B0 3m R 4i), Th7E G T
gk pHr 1Y 23 (8] 28 A0 B . (181 4f~4h) .
2.2.2 pCO:#1 FCO:

gk pCOy WIMH ™ T RAMEMS (2022 4EZY
417.06ppm/patm, ftp://aftp.cmdl.noaa.gov/products/tre
nds/co2/co2_annmean_gl.txt), K AR ROBE
COs. ABFFERR T HE K pCO (H AL IE I g 233.6~

355.6 patm, V-8 294.2+30.1 patm(FJZ) M 323.3+
20.0 patm(JiK)2). Bk, 7EIZZ=T, A EUR AR
PR KR CO ML, H FCO,fH }y—2.52~—1.17 mmol
C/(m?-d)(CF44: —1.66£0.40 mmol C/(m?-d)). M =[]
I HKTE, FIE pCO, 5 FCO, # A 5L B G 3 7] 4<%
B A, X5 pHr WIS (& de
FIE 5a 1 Se).

B 7AZE, K pCO, WEFE, HLHIY 404.2~
4653 patm, FIJN 442.6+13.4 patm(FT)E)F1 433.4+
10.3 patm(JiK)z=) . SRR, L AR
KRR COx BIFHIREENL 17 BRAE), H FCO, {EM-0.14~
0.65 mmol C/(m?-d)(*F-#4: 0.3620.17 mmol C/(m?-d)).
WES B3 AT KT, )2 pCO,2 5 FCO, BT A [t /3
TR Y S A REAE (] 4e FHIEL S5b Al 56)

< wE >||

&% >|

#JZpCO, /uatm

#JZpCO, /natm P

(a)

(b)

JiK)ZpCO, /patm
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-

©
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FCO,/(mmol C(m*-d))

[FCO,/(mmol C(m’-d))

(©)

®

5 3. JEZE pCOxa~d) & il FCO(e, NAIIK 5310 FRHE
Fig. 5 The horizontal distribution characteristics of surface and bottom pCO2(a~d)andFCO:z (e, f)in seawater

50 HEEERL /2023 45 /55 47 % /55 11 )



BRI -

23 ZEARFZBRLER

IH A AT G R SR W ) K TA R DIC WY
Ak, BRI D IS T RO A L PRI
FESAE)NTIE K pCO, B BTRR, BARGE IR AN 6 FroR
o, Bk R A R I K IR I I K RT REEAIR VE 7K
TA B JE 4 0.66+0.16 1 0.73+0.21 pmol/kg; F2 i i
7K DIC HYH& K 4.09+1.02 Fil 4.34+3.27 pmol/kg.

AN, BRER(A )T MM . 5P A . A
5 it A R e e S BB A v T 0 A Ao
Xt TA (W IGE R 2.60+0.80(0.17+£0.01), 3.12£1.03
(1.90+0.54) , 3.30£0.98(0.50£0.21), 1.81£0.26 (0.14+0.07)

12r
TR
09+

0.6

0.3}

TAGE R/ (umol/(kg-d))

0.0

(a)

607 st —

[ ==
454

3.0F

1L5F

TAW S/ (umol/(ecm? d))

0.0
@ A
4«\5& %gf%%\ R V\@‘\ %5@&%‘ P

(©)

Hl“@mA RTICLE

F1 0.31£0.12(0.35+0.20)umol/(cm¥d), DIC JF¢ ik iE i+
9 4.73+2.60(9.68+0.97) . 10.31+ 3.12(10.01+£1.00) . 2.67+
3.30(6.67+0.67) . 2.86+0.32 (2.99+0.30)Fl 26.71+1.81
(18.51+1.85)L/ (cm¥/d).

3 it

3.1 MK AFHKpCO, B Hrh B &5
TR K pCO, B W Z B . EhE O

WRKIRE) . EYEhEZ R ILRE R 20,

FixX e R 2 [ WAFEE HEAER, B A (6] 77 35

FZEAT K pCO, () 2 R E 1l BeA T AT .

[GZNT G YILR
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e
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Fig. 6 The uptake/release fluxes of TA (a and ¢) / DIC (b and d ) by microorganisms and coral metabolism in autumn and winter
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sion mechanism of CO; in a subtropical coral reef water dur-
ing the dry season: A case study of the Yangmeikeng Sea area
in Shenzhen, China

ZHANG Zhuo', YANG Bo? 3, CUI Zhou-ping?, LIN Zi-yi?, XIE Zi-giang?,
ZHENG Hui-na% 4, LIAO Bao-lin?, XIAO Bao-hua?, ZHU Chun-hua '

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China; 2. Shenzhen Institute of
Guangdong Ocean University, Shenzhen 518108, China; 3. Shenzhen International Graduate School, Tsinghua
University, Shenzhen 518055, China; 4. College of Food Science and Technology, Guangdong Ocean
University, Zhanjiang, 524088, China)

Received: Apr. 26, 2023
Key words: Coral reefs; CO:z partial pressure; Air-sea CO:z flux; source-sink characteristics; Yangmeikeng sea area

Abstract: Due to the extremely high primary production and efficient carbon metabolism rate, the sink/source
properties of carbon dioxide (CO) in coral reef waters are still controversial. This study aims to explore the distri-
bution characteristics of the seawater partial pressure of carbon dioxide (pCO,) and its main control mechanisms in
a typical subtropical coral reef during the dry season based on field surveys conducted in the Yangmeikeng Sea area
of Shenzhen, China in November 2022 (autumn) and February 2023 (winter) and the data obtained from indoor
culture experiments. The investigation reveals a significant pCO, variation that ranges from 233.3 to 465.3 patm. In
autumn, the study area acts as a sink for atmospheric CO,, yielding an absorption flux of 1.66+0.41 mmol C/m?/day.
Conversely, in winter, it is a weak source of atmospheric CO,, depicting an emission flux of 0.65+0.14 mmol
C/m?/day. The Yangmeikeng Sea area notably experiences minimal influence from the freshwater input. The bio-
logical process under the seasonal temperature influence is the key factor driving the seasonal variation of pCO»,
which contributes 73.6% (surface) and 66.5% (bottom) of the total variation. The seasonal difference of the phyto-
plankton photosynthesis is the main cause of the seawater CO, transformation from sink to source, while the effect
of the microbial respiration is weak. In comparison, physical processes, such as the sea—air exchange of CO; and the
temperature and salinity changes, have a weaker effect on the pCO, dynamic than that of biological processes. The
metabolic activity of corals also has a noteworthy impact on the pCO, distribution in the local sea area of
Yangmeikeng, resulting in a higher pCO, value in the reef area than in the non-reef area. Thus, the influence of the
coral metabolism in the local sea area cannot be ignored when estimating the air—sea CO, flux.
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