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Diurnal Variations of Greenhouse Gas Fluxes at the Water-Air Interface of

Aquaculture Ponds in the Min River Estuary

YANG Ping, TONG Chuan, HE Qing-hua, HUANG Jia-fang

(Research Centre of Wetlands in Subtropical Region, Key Laboratory of Humid Sub-tropical Eco-geographical Process of Ministry of
Education, School of Geographical Sciences, Fujian Normal Universities, Fuzhou 350007, China)

Abstract: Wetland reclamation and aquaculture is one of the main disturbance types in coastal wetlands. Diurnal variations of CO,,
CH, and N, O fluxes at the water-air interface were determined using a floating chambers + gas chromatography method in a shrimp
pond, and a mixed culture pond of fish and shrimp in October in the Shanyutan Wetland of the Min River estuary, southeast China.
Meanwhile, the meteorological indicators in ground surface and physical, chemical and biological indicators of surface water were also
measured. CO,, CH, and N,O fluxes at the water-air interface all demonstrated distinct diurnal variations. Both shrimp pond and
mixed culture pond of fish and shrimp functioned as a sink of CO, [ the diurnal averaged CO, fluxes were —48.79 and - 105.25
mg-(m’-h) ™', respectively ], and a source of CH, [ the diurnal averaged CH, fluxes were 1.00 and 5.74 mg-(m*>-h) ',
respectively | ; the diurnal averaged CO, and CH, fluxes at the water-air interface of the mixed culture of fish and shrimp pond were
higher than that of the shrimp pond. Greenhouse gas fluxes at the water-air interface from the aquaculture ponds were influenced by
many factors. Multiple stepwise regression analysis showed that the concentration of Chlorophyll was the major factor affecting the CO,
fluxes, and the concentrations of SO}~ and PO]~ were the major factors affecting the CH, fluxes at the water-air interface of the shrimp
pond; whereas water temperature and Chlorophyll were the major factors affecting the CO, fluxes, and dissolved oxygen, PO} and pH
were the major factors affecting the CH, fluxes at the water-air interface of the mixed culture pond of fish and shrimp.

Key words:CH, ; CO,; N,O; aquaculture ponds; water-air interface; diurnal variations; Min River estuary
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Fig. 1 Diurnal variations of greenhouse gases fluxes
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Fig. 3 Diurnal variations of the water environmental factors in the two aquaculture ponds
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5.82 mg-L ™' ( HAEFLIEH 2 2. 73 ~8.80 mg-L™"), £ %
ey ; N -1 =10 S S IS 250 £
n-[‘é%%% a Eﬁ‘i mrg E/\qu‘iqﬁﬁﬁu j‘j 28.54 pg- L = 07:00 10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00 =

(HZAEALTER h 21. 84 ~35.49 pg-L7") Fl 545.22
pg L™ ( HASALTE BBl 363.77 ~607.43 pg-L7").
H AR AU A 1], 57 AR 3 5 R VR 55 3 3R 2 K Ak
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Fig. 5 Diurnal variations in the concentrations of dissolved

oxygen and Chla in the two aquaculture ponds
Wi B 3 = T R R (F =38.18,P <0.05) , [

B, MR SR IEXT T CH, HEBGHE & 9 2 5 T FRAF
W (F =480.34,P<0.01) , WL 1.

£1 24 FHEMEK-ASEE CO,. CH, & N,0 BEMLLE"

Table 1  Comparison of CO,, CH, and N, O fluxes at the water-air interface of the two types of aquaculture ponds
TR ik i FNIE] R/ME S brife 22 AR B

/mg+(m?+h) 7! /mg+(m?+h) ! /mg- (m?-h) ! /mg+ (m?-h) ! /%

Co, 67.05 -113.01 -48.48 63.58 131. 16

FRUFIE CH, 1.63 0.44 1. 00 0.38 38.52
N,O — — — — —

CO, 65. 67 -218.85 -105.25 78.07 74.18

EEIREE 2 CH, 9.62 2.44 5.74 2.78 30.30

N,O 8.58 2.24 4.58 1.41 30. 81

1) FRURIE N, O W5 B 4 R 2B EmUA R A R <0.9, Bk, TEFRIFSEAYK-UH N, O Sl ; SR AR R SR R A 43 52 L CO, |

CH, & N,0 it

2.4 REESMKEESFEERERNFRER
2.4.1 HRE KNHEMCR

IR K5 O, . CH, A1 N,O i & 1+ 43
Mra il FRIRH K-SR co, Al CH, 2 5R .
RKEKBEBLERNEE LXK (n =9, P>
0.05). fIMEFRIF/K-SIAME CO, i# & 5K IRAFTE
W RERIHE(n=9, P<0.01; B 6), 5. K
HERFEHLELR(n=9, P>0.05); K5
CH, 38 & 5 XUk 2 IR 2 1 HE EOE A X C R (n
=9, P<0.01; B 7), 5, KRB TCH LR
(n=9, P>0.05). WAk, o lRIE 5% P K-S A M
N,O il 5500 2K DL B RGE A Y TEAH K 56
Z(n=9, P>0.05).

2.4.2 HMERa HMAENKLR

FRMRI AN £ R R K -] CO, 38 = 5K
R ER a SR E B EXN AL LR [0 =
9, P<0.05; K 8(a)f8(h)],CH, il 5K
Bt E S ESNERE [ n=9, P<0.01; K9
(a) ], Bt B [ n=9, P<0.01; K 9(b) A%
R B G OC R,

2.4.3 HEWERNT

FRUFIE A0 R T 77 8 K-S IR = A
57Kk pH ., Eh H B IREE 1 B A S S B 4
w2 Frow, 6 B EFE R E & 37 R 3 KRR
CO, # 5 Eh Al NH, 75390 2 35 1EAH G A 17
& (n=9, P<0.05); CH, &5 SO~ 1 PO;~
SR R E A CRIEA X (n =9, P<0.05). fi
IMRFRYEK - CH, HEBGE 5 pH |, NH, #2
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%2 FEPEOK-SEE CO,. CH,H N,0 B8 5HEETHERIEL R

Table 2 Pearson’s correlation coefficient between CO,, CH,, N, O fluxes and environment factors

PR v pH Eh NH; -N NO; -N S02- P03 -
co 0. 641 709 * -0.829* -0.598 -0.148 0.043
?%HIFiE ] 2 0.709 0. 829
CH, -0.543 0.472 -0.211 -0.306 -0.671* 0.725*
CO, -0.351 0.268 -0.298 -0.020 —0.083 —
LTINS S CH, -0.717" 0.484 -0.705* -0.542 0. 002 —
N,0 -0.470 0.425 -0.315 -0.319 —0.048 —

1) = AAFARRMEILE] 0. 05 BEVEAKF, + o« LFANMILE] 0. 01 BB FENMIKAE ;" FIRIOHBA H B

SEM Y TTER Y 0N, R 22 56 1A A 328 25 [ 1H 43
MRk BIE ST 2 FhaRsa s Cco, M CH, & (Y) 5
BKEER 7 (KR, pH, EC, Eh | i#Fff45, M4
Z a, NH;-N, NO; -N, SO;~ ., PO ) ] fryf i [l )
T
Yoo, = 65.784 —4.807 Xypus, (FRUFHE)
Yoo, =6 355.556 —315. 846 X ;. (IR FRIE)
Yeu, =0.871 +3.193 Xy —0.011 Xgo- (FRUFIE)
Yoy, = —41.068 — 1. 430 X0 —
16. 576 X3~ +6. 642X, (MR SRTE)
Z oA rh B 2 A Hr 45 R R W DL B A&
IKRIREE A - FRAR K AR S 3R a UiV 252
M CO, A FEZKIAEEEF; PO}~ Fil SO;~ Jiif
WSR2 CH,, 38 1 A F 2OK IR E I+, e A2 [
(452 AH G R BN A3 8 E MK P (CO, . R = 0.929,
P<0.01; CH,: R* = 0.879,P <0.05). fuiFiEFF
KR SZSZ M CO, i E BRI 5 1M
%, PO~ 1 pH &5 CH, 38 &t (1) 3 2K 5%
R 7-, EATTZ TRI A A2 A0 OC 22 Bt 4 S B i I 35 MoK
F(CO,:R* = 0.741,P <0.01; CH,: R* = 0.985; P
<0.05). XFaUARREIEYE N,O i, %A 28 5
CAUNGE iy

3 g

3.1 2 FRAE K-SR = RUAE i H 2R RHE

[ VT IRV 5 IR E R 2R (1 R K-SRI €O, A
CH, # & F ¥ {H 55 5 F - 56.42 F1 0.94
mg+(m’+h) "', B ] 4y B & - 38.55 Fl 1.06
mg+ (m*-h) ™', CO, i [ W I (E A0 HE e {43
SIHELT 4 10,00 YK H 0700, CH, 3 & A9 HE
TEAE H T T 4F 1000 AR [E] 22,00 B, fadFIR
FRYE A RK-SA I 2 AR E A RE R R COo, Al
CH, i & F ¥ E %~ - 88.19 Hl 571
mg+(m’+h) "', B ] 4 )R -126.56 Fl5.76
mg- (m’+h) ' JE H SRR IE A£G R R IR AR

FHRAH CO, MM, CH, MIHERCIR, X 5 L
ARBFFIA KR A S R G R KA o, Ik
LNV R CH, BYHERCIR S gk ie—E

KB LR R a JE5 KR CO, & H ARk
B 3 BERA A PR L1222 KO S 3 B M K AR T ik
A= W T X A ML A A i A AR A K P
file " R K-S P CO, A1 CH, 34 B B
BB, Rantakari 25 BF5E48 Y, K IR B8 fin wT
DA 1 {1 PR AR AR P R4 4 A 7 5 ELN R A ML o fe
TR AAR HEAKARXT KA A CO, Bl Abtor,
FIFIR 2 K-S T CO, A Hii & H 28 b 5 9
TR AT R AT, 33 5 78 [ A XU 0 el
ZIA 7K (TR B3 7K R 20, 6°C) W E R FH R
KR 20.4°C) A E B EMCER (K 4 FE
6). ZRUH RIS = SR F K R AR K A
WG SR AE AL e i, SRR a W
SRR PG i AR R AR X
TS KA E CO, 28 #ril 1 1) B R AR bt 2 A
FE, HEITEP R & . O A FRRE
T, K R AR A A M AT G 7R R T IR
THAE  BRBEFE S, FBUKIR CO, 43 FEREAR, M fili 15
IR RS P Y o, , ek g 71 Sk ht s &
HEIIEMME; QS FRE T, K5 KA g
YRR AT FHASSR , CO, f43 FRIE N , 45 2 58 hin /K 14
TR CO, FEA RS . AR, FRERYE K-S A 1
CO, 2483 T2t 52 30 ) 1 R IR ISC(EL R 7 () 7l 7 A
TRAFAE , 5 E RIKIR TR a R B CF(E N
29.35 pg- L") R TR (CFHME A 27. 66 pg-L~")
HEWEAHCKCR[EI5(b)F8(a)].

IR A v A R T R B R R R K R KT
CH, 35 H AR fb i FEEIREE N 12 KA b i i
SRR B 1 e AECAS A2 i 28] 7 FR e B T Al T ) FH 1) 7
EANONERZS A TEIVI N R 7S4S A TEIP/EN
F ek fE. Schrier-Uijl 52 B 5848 Y, KR 3R
Bivh CH, HERCR AR b S K R & AR A & W
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(DGR 38 I 0 485 b I A A 7K A HE i 1
CH, R TS & = M. ARAF5Eh, 37 4R I% A
IR IR K-SR T CH, T8 2 52 30 1 ) HE ik
R T A RAERZEAFE, X 5 2 S FRFE K 4K
rH A SRR B A R) (P 2B 43 51 2. 78 mg- LA
4.85 mg-L™") ¥E/NF R CEE S5 R 5.38
mg-L ™M 6.59 mg-L™") A& WFE MR Kl 5
(a)FNE9].
3.2 2 UK IR EE E K-S T IR SR = 22
Sk

TN 2 Tl B A K-SR TR E AR H 28 4
i 5K BT B WA DG o BT, F 2 R R I
IKIABE R T A7 22 S A 06, 45 R 3R B SR iR gE S
MREFREZ MR- AR E Skl s H AL 22 5
PES 2 FhFRFEIE KA pH | AL A Eh | H]
A7) (MERER a) KOEFRER M2 SRR % )
KA.

FRAR T KA W sk HE I CO, 2 PR R
R B ZE R KR RIS R Co, BIYEEE-
DL KoK AR i AR R A AL 34T 1 77 A CO, 11
IRV R 7K S BT CO, A8 H8i ke F LR
5T KIN8R8 3 3R BUK AR X CO, TR
IR 1 B TR P TR AR AR AR
A= S KA BT DL Ak A 2R W 6 A VR TR
FETZ 1 CO,, Bl b /K-S A HHE R Co, , B
SR KA KA o, INAITERTY . AREFse
FRMR I 5 R IR SR K-S CO, H A Hil 11
SEYE ST N - 48. 48 Fl —105.26 mg-(m’+h) ™',
Jo R R T 0 2. 17 45, I 2 Fh IR
KR4 2% a R W AT CO, A8 i 1 k4743
Br. 25530 . D77 IR 8 0 fa dF IR 37 S K< 5
CO, Al it SR T4 2 a T W B A7 7E 18
FHERTNICCR (K 8) ; QUM IR IR Z K4
2R 2R a W TE AR LI AR 20 24 A (0 2 A v T
HRE[F(1, 52) =1968.734,P <0.01] 1680 2 3
PG Z (B4 2 a o0 Vi B Y 25 S 02 5 [ SR FE 0 )
K-S B CO, R Z N EERE. Kb pH i
) i AR 1 % R 0 5 £ MY 3R 31 2 1] CO, 38 ik
WA —AEERE. KT pH ER
TR A B 52 M 2] K R T B R 46 1) P BR 5, 24 pH
(A, AR R B Y CO, 25 IR T K hIE Jlims
gk 7K CO, 4r ol AR, S BUK hid it ny Co,
SE T AL AR S T 23 42 #E R o, #E A K
& RZ,pH [ERALE , A R T CO, HKM K

Ty ARBRSE T, SRR IR St MR IR SR AR R
H 725 Ak LI 30 16 3 A4 34 26 B0 A RS0 €O, Y I i
i, HaEMESRIE KR F COo, MUk EE ) 2o T
FRURSE X 5 f R TR A 9% FE K AR pH {E (¥(E N
8. 88) i THURYE (FMH K 8. 76) HH IR A KA.

CH, JZLE™ M PRAAIAEE T 7 B Be b /=
BESEST A = K R AR A TR AT S B R K A
CH, HFuE B EEMH R Z —. AR CH,
I I 2 %) [T ST - Xof 75 A 0 0 0 A 9 5 00 6 22 UK
K 10 em EALIE JFHL AL Eh #E4T 7 005E. 05 45
T, MR IR 5 R Z KR AR R L Eh (F3Y
fHR - 110.57 mV) B F AL T FRAFHE CF¥1E N
-103.09 mV)[E3(b) ], T H k=5 %81k
WEEL; Eh g Y AR R A A7 Eh @I
WA R T e = A T 2 e F R BEHE R, X 5
St iR R S K AR ) AP HERRY CH, HL R AR B
ZREZEA. B T EAR R AL Eh b K S SR
W o B 1 e R R 0 7= S R/ 8 2 Fh g
FEEIR] CH, HE R & A7 22 5 1) 8 252 H &
Huttunen 25"/ %} Lokka #/1 Porttipahta 7K % RO RIF5 46
H A T8 AR R Bt R P s R R A SR W ORI R A
Yo 7= S0 F 3 Lokka K FEHHA W5 CH, HEcE
() FBLOR B PH F-. WEHh PRE  FE e 1) 7 A el R
T HILITT 0 B8 AR T 7 B BT A 3 2 DA B
ZARBAT BRI B, DRI PR e s 7 A e DA R
RS ALY R IEARSE . AR g, fa
MR ) 3% A AR 550 0t o PR 357 S R 3
(3 —f% , AW £ A AL HEI R, S S BoK
P H B A 0078 R ) SRR A 7= T, AT 366 1
i RYR SR T ot 7 A s AR B B T R IR .
3.3 KPPIRBEIEK RS R ARG B Y
M P
3.3.1 REEAUE

WHAEOLT , K-S €O, . CH, AT N,0 HEK
R A ROEE (A5 484k | ARBRAR RS ) B
AR SR SR . KOsfF AR R R (BAE
JEIFTAL R b (an H 22 4k ) 5 3 B U AR A7 G
RECNE R IFH 3 RS ST TR AR
Ry R A AN R AR ). A AFSE R, K- TR =S
P e AR Ak 5 B AZ K R X 4 ), LS KR N
IRGH AT AT A S 35 Y B0 R Y AR G e R
M 55— LR M 2 B, K A 5 RS =2 [ = A HE
G R A T AR, B SRR B A IR A
S A AT R B, KA T i A M
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5 90 R R R 2 G W 3 AR OGO AR g 4 SR
Y, FRAFIE K-S AL R AY CO, A CH, 3 B il 4 4R IR
FRIEARK-AFHHI N, 0 i 550R . #)ZKE D&
W TC R EAH KR (n =9, P >0.05); 1 LR
TRIRHEK I CO, 38 5 /KR 2 2% 7k ¢
(n=9, P<0.01; K 6),CH, i &5 X LI 5
EFEEOEAE LR (n =9, P<0.01; B 7) 05
H—2PAESE T AR K AR - R = AR E R S IR
BE R RE N E S, 0 H 3 Bl F 2R %= AR
6T Y AR X AR A Py 7 AN R — 3
3.3.2 MERER a MIERA

KA A B T RS K A A (LR TR
TERED ) B E AR PR AR Hh s fie 16 T LR 5% Ak
A WL LA SGE i P IR AR FH RS i CO, SR 5% Kk i
KAZIE ) CO, 43 HARBL, #E1i %F /K- 1 CO,
WA, KA Th 4t ER a( Chla) SEAEY) AT
HEVERM R Z — 2 KR V7 AT ) 5 1Y
T ELRAE LT B Y S I ] o — R L Rk
SeAAERIZKE . FRlF It MR35 % 3% 2 K dk
GRFR a PRI 2 AR R 2R . O T iR
I R AR AR I R T A B T T K, FR A
P (— MR 7 d) AT R K AR B T 4, 7E A
RIS T R AT — K, FRUF S AR IE 47 4t 1 kg
K5 QFMRIR R B AL it in i RL, 1R 3R 0 AR
LTI AR Y 1A%, LAk, fa TR SR 3 T oK 4
R GEHE b 15 d) , Wi S BOK R & 8 374k
BONE b EOKEE R MY R 2. AR TR 2
M FRIAIIK-SF CO, i i 5 Chla Z [A] 317
e ERAHE (K 8) , 5 Xing R E - O
WA 7K JZE O AIE 58 25 R AH— 2L

TR i AR RS R K P SR B E CH, HEK
() — N H BB R . Vi S o 5 e FE e 7 A TR
77 R i i 2 ) DR AU P 35 R B ke 52 i HE e 7™ A
AT 5 A FF e i (28 k. Schrier-Uijl 450 75
XFFf 22 1 5 AMERAKIRACGHIIA R 14 A HEAKIE B IFSE
ORI, AR FEKIRRREE CH, HEBCR 5K R w28
A E RENCR 8 HH T & & B KRR
B H CH, BB 2R TS m s KR, A5
o, B Ah SRR K-SR CH,, HERGE & S KR
it S S AL A C R BLAF (B 9) , 430 &2 1B 3 4
R R X B DG R (SRS R =
0.727,n=9,P =0.019; fAIMEFI.R* =0.769,n
=9,P =0.004) , Wt T 7K FA v i fife S5 B X VR
R A K-SR T CH, HEfGE & H Ak B oA &

BRI,
3.3.3 HEeHEEH XK AR E SR e
Al

pH X 7K A 5 R AR 2 () i 3 o 22 ¥ A5 45 N A 22
RS2, pH AR L AN 23 52 i ) K T A BLAY) BT Y
B A, T ELIE 25 5 2 KR DL ST AR ) R B
AR P AT 5 K AR Hh i = M HE T e 2
F5Zm. AR D B P E P I B pH fH—
M 6 ~ 8, H 3 AN IS, ol A 0 e 2 S B
SNt SR N £ 37N =15 N S (E DO}
FIORRASE AL, o T ot 1 A SR AR V7 i A= )
EAEYITEYE S pH Z R 56 R R 2%, il &
K AR5 KA ) 2 AR HE GE 6 pH i
N A — R I 22, A 5 P 22 (R
IEAR S e A 56 o B ST A A I A A G
PEP. Inubushi 2 BFSE 45, 7E KRB CO,
Al CH, fEfGE 75 pH AA7EFAE X R {HY pH <
7 BhEE P IR AR e, AR AR R, B
FIMRIRYE A CH, HEGE & pH 2 BEH LR
(#£2).

NH," F1 PO; ™ 2 52 i ¥ b Y 2 AR HE R 5
FIREE . Conrad 25" 7 3647 #5 H CH, HE 5
NH,” CEZMBFFEh & B, BT NH, #T DO H e 4
AEBE = A AR A PRI (A5 Y o S Ak sl L g i
2R UERS HH F e R, Schrier-Uijl 2520 8 X oy 22
(RIS A HE K Y8 F 52 b A & B, P R OK AR R BT R
CH, . CO, HEilcR ¥Rl # NH, F1 PO~ (934 i
Ko, 5+ H cH, HEGE RS POy R B B IEM
K. ASHIEFE H RV IR YT A R A KRS T
CH, HEHCH &£ F1 PO~ Z A XK RS Schrier-
Uijl % B g2 45 R A — 30 2 co, Fl CH, i &
5 NH, Z MRS B AR SIE MR, IF A
FEARIE CO, M FfaMESR IS CH, w5 NH, Z
[] ) B AF DG G ZR 4 B 3k g 2 MK, SEBR L, FE K
RHIBR T NH, R PO, R RUEE B AR fb 45 B2 i
SR AR = A ARGE RS, B I NO, i SO;
748 Ak 25 5 e 38 K A v I 2 SR B IR AT s HE T
AMFFE K IR, F 5 K - R = AARGE i H AR L
e K2 BE BT 5 NO; F1 SO2- By H i) ) B
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