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Abstract: The main pathways of CH, exchange between air and water are molecular diffusion and ebullition. However, the relative
contribution of these two pathways to total methane emissions and their environmental controls are far from clear. In this paper, by
1), diffusion flux (F ) and ebulli-

tive flux (F,, ) in three types of habitats ( mudflat, Carex meadow and reed land) in Lake Dongting wetlands during flooding pe-

using float static chamber and diffusion model, we measured the CH, total emission flux ( F,,
riod. Further, the environmental controls on CH, flux were analyzed through stepwise regression and linear regression model. The
results showed that total CH, emission flux was the highest in Carex meadow (6.49+3.12 mg (C)/(m?+h)) among three habitat
types. The CH, diffusion fluxes accounts for 1.34% to 3.91% to total CH, emissions in the three sites, while the ebullitive flux con-

tributed 96.09% to 98.66% to total CH, emissions. The stepwise regression analysis between CH, emission and environmental fac-
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tors showed that CH, diffusion flux was affected by water pH, conductivity and water temperature, while the total CH, emission flux
and CH, ebullitive flux were mainly affected by water temperature. Furthermore, we found that water temperature determines the
dominant emission pathway: when the water temperature was below 11.7°C , diffusion was the main way for CH, emission otherwise
ebullition pathway dominant the CH, emission. However, whether this temperature threshold is equally applicable to other types of
wetlands still requires more experimental verification. This study is important for revealing the mechanism of CH, emissions in tropi-
cal and subtropical lakes.

Keywords: CH, flux; ebullition; diffusion; water temperature; Lake Dongting wetlands
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Fig.1 Schematic diagram of sampling sites in Lake Dongting wetlands
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1.3.1 CH, B &3 & 07 % JKIAR CH, B0 i (F .0 RATESFAENE. T8 Ak R IR I il
ORI AR CH, 8032 AT TR IR CH il BN . 7E B DT B | A EHF A (R R PVC &I,
JETET 4% 40 em, 85 30 em, {AFR 0.038 m”) K HHA FESH R h A HAS R A K T L. 7EAR IR R /K RABEZ AT,
SRR RS R A BR A SRR R B0 IR L, i A v SR X R I 80, LA A 2 e )
SR SUACRAR IR AR B BDIRAS R T I8 0 T e et — 3 A7 A K 30 ml AR A B35 U
(Labco, UK) N, EFE]FR 5 min SRAE— TN TARRE S, B EIRRIRAE 5 U0, SRAETIARE A B4 1] 00 72 46 79
AR, SRR A SRR 0] S 38 WE 2 A KR S 1 ARG 5 (FID) R AR 1 il 2R A I 2% (ECD) 19 AR 34X
(Agilent 7890A , USA) il i , A it ph =it
Fou=k-V/A(AC/dt)p[ T,/ (Ty+ T,) 1p/py (1)

A CHURBE (g/L) VR RAER A AR (m’ ) A RS 5 K TR B e T AR (m® ), dC/de D BER AR S
2N CH AR AR BEAS (LA (Wl (Lemin) ) 5 T, RAEF RN BGIELEE (°C) 5p 0 REEI I R E )
(hPa) s Ty Al po 3 B ARAEIRGL B Yl (273 K) SRS F7 (1013 hPa) sk BT R 5

dC/de HRPERAER S A TRRE S B9 CHIREERITE, P ek AR LA G D ik OO 5 T k.
R JHARLAME S A S CHL T I, AR BE 5 TR I i LR 260 (1) S Wik BE LI B A AT &L (n=5) 5
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(2) AELMAE R (R ) KT 0.87;5(3) Ry MMM REL(R,) Z 25 (Ry — R.) KT 0.0015 (4) dEL k40l
B 2 IR SRR 5 P Y B e M v 2 i ] 25 A S DK T M 065 265 1 100 SR R 2% A 7 BED e SR VR B Bsf
AR, YL SR BIRRF A I R AU i i CH sE i FLTRAR e Ny o 5 ORI v F 4 AT
M (n=5)8F,R > 0.87; LA 4 WORMEA R (n=4) B, R, > 0.95; A 3 WILIMEA R (n=3)Bf,R, >
0.996"".

1.3.2 CH, ¥ #@ B 2 07 3% /KM CH 4 HCHERIGE 2 (F ) B RO R0 I00 22 . 9 B0 R % 2R K AR
IS A e, h PR HIOHE SR B I RV 9 DR <7 8 e I T KA S 2l X
T 2 R R . R B AL LM86' ™ \W92a WO2b' ! Al RCO1'™ 45 K [RIBERISY H Yy CH, il A
TRKH 22522 i A P R 6 T3 SOR HE R 1K 7K, RCOT W92a i1 WO2b A5 7 ) - ¥4 B AE 42 1 b
R CH I G &, H I 78 A4S SCrP g £ W92a, WO2b I RCOT #5 78Y f) 5F- 147 {f 3k 48 ¢ 31 Jg2 i Kk 1 CH, 3 ik
.

KR CH e BEIN A2 . HeHe Casper 457 )75 4k MEAS TV T4+ 100 ml 35 55 PR 40HE, RAERT JCAR 4 30 ¢
FACENREAFRAH R, B 5 35 1 2% B98I R U B2 (A B2y A -88 kPa) . 7EELFAH LI CH, 38 i 1)
[ s, 76 SRR S M TR AR R R Z /K EE , T 60 ml fy [ FH #R AR 5] 28 A IRO/K 28 FR B 50 ml 7K RE i A EL
23 A, SEENER AT AR K b CHL B 2 5RO b 3B 25 6] R 5 S PROoRe 2 /K Az 4 [ S 36 8. K
RO 23 A A SO AR, S T 30 mil f9 B 1 SR AR S 28 M ER O B 32 1l 15
ml S BEFE A S A (Labeo, UK) Bl S (iU H CHLHR . S ZOK IR R CHL M (C,,,)
AR

Cp.=Co-Vy/V, (2)
3, Co RO 23 8] CHL ¥R (wmol/L) |V S A28 MABL(L) , V, A RAE MK RERBL(L) .
CH, 3™ HGE it (F ) BT AZN
Fop = ¢ K, (C,, - CPq) (3)
2 ¢ RN R B K N SR K — S T30 3 B B TR (em/s) 5 BURBRERL Y K A2 SCR R
AT Schmide(fR7FK S, ) B9 pR%L, Forr SRR I 30 41 36 -5 1 A2 T3 H0d 2R 22 L, Wanninkhof ™! 25
H T /KR CHL Y S, 45 0~30°CTERRIK IR (T) 15 R
S.(CH,) = 2309.2 — 120.31T + 3.4209 T*> - 0.040437 T° (4)
R RGH ST KBS, AR A A 20N 26 1, AR IRGE A8 St TR 52 56 R 4 308 e 35 4008

15 R RS A 2 5

Tab.1 Gas transfer velocity formulas depend on wind speed

K, i Vag:s EHXGE U,/ (m/s)
W92a (22 K, =0.39U3,(S,/660) "2 K U,
w92b [ K, =0.31U3,(S,./660) 2 Uy,
RCO1 [20] K,=1.91 exp(0.35U,y) (S,/600) "2 113 U,

U10§‘77J<EJ:75 10 m /=5 fY KUK

K (3) i, €. R B KR TPAT I 7K i S A BE (umol/ L) |, SEBR/K I 4544 F CH, /Y C,, fH FH Henry
FERLTTE, B
Ceq =Ky - P, (5)
K1, P,y CH RS Ky AR AR K SCA 4 T SR Henry #%1(umol/ (L-atm) ) , HAB KA Henry &
40 Sander( 1999 , http ; //www.mpch-mainz.mpg.de/ ~ sander/res. henty. [ 1999-04-08]) , 2§z 52 by /K fi 1154
WAE :
K, = K% - R ) (6)
A, 77=298 K, F/RH i ; K =1308 wmol/ (L-atm) , 2k 298 K Fll 1 atm £514F f) Henry %4 ; K, = 2675, K
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FAE Henry 5 HBEIR BN S T R PRAE R (K) .
133 CH, R E AR ITE AEHABGEE (F,.0) AR

Fou= Foa=Fan (7)
1.4 KRB ISFRINE 3%

BUK AR RAE BB 53 7K RE FH KA CH MR 4347, 53 ZREX 500 ml 7K R 258 A TR DU 6L £ 4 R B R HY [ 2 36 2
FAT /R BALAEBR 95347 [RIF YST Z2 280K B (6600V2, USA ) BLi7 M & /K iR (T) \pH & 46 (DO) |
KA L G AR I D AN T I ALY (CDOM) S48 45, SR IR 3 i3 4 AA3 (SEAL, Germany)
D2 KA B (NH-N) A2 (NOS-N) LB P Bt 3 8 00 VRV A i 79 S 260 (TN s ( TP ) i
£ ; 1 TOC 43H74X ( Shimadzu, Japan ) il 7 7K 44 54 Bl ( TOC ) AT A Lok ( DOC) He .

1.5 RN M A%

A HE R ] Microsoft Excel 2016 BT SEIEETAL B, F T SPSS 16.0 #EATHE1H43#47. R FIAH
E 5 22581 (Two-way ANOVA) K 58 7K PRI A 1 LA Kok Ak CH, & B8 78R [R) A 355 LA BOR R AR AR JZ o ) 22 572
K2 L35 LSD LA 5648 [R] 7K 2 PN 8] AR 45 i A MR PR 58 TR 194 25 57 5 0080 40 BT i, R BCs A7 IR S M A
I (P-P plot) Al 2255 AR (Levene’s test ). 18 3338 25 [0 13 43 M7 ( Stepwise Regression Analysis ) ffi i€ 52 i
CH, SHEMGE & 5 SeHEHGE 5 A HEEGE & 1) KRR B F (pH T DO A AR 5L L {32, TOC . DOC |
TN TP \NH}-N NO;-N %) ; 5% 12 ¥4 ] )5 570 ( Linear Regression Model ) Z24iF CH, JaHEMGE & A i HEE
7 Y RCHEOE AR AOCHERR B R ) (0C &R B SRR At L4842k ] Origin 8.0 244 ( OriginLab Lid,
USA) 52 1%

2 HR

2.1 KIFIRET

XA ) A 458 R (R JZ K ARSI EE R 09 5 2250 BT I SR, RZ KR g 4URN pH i 35 5 TR 2
(P<0.05,% 2) ,CDOM FilH, G5 B F K THEJZ (P<0.05,3 2) , Hfh FREE N ¥ 2 5 R B 3 (P>0.05,% 2).
MIERESN P25 B2 R B N , FRJZ /K AV i 4 pH 2T AR, 1T Pl 32 238 (TNRT TP ik 8 I 2 7155 (P <0.05,
2 2) 5 M Z KA TOC #e B AR EME AN & A 5 , 505018 4.79+0.16 1 4.58+0.13 mg/L,{H TN 1 TP ¥ 4%
P MR, A A 1.41£0.08 F10.13+0.01 mg/L( P<0.05,322).
2.2 Kk CH,iREZK

ARSI I KR CH MR E AT 0~4.17 pmol/L 22 [8]  ZEBKIASE 1 YORFE(T A 12 H) e &5 A
P FR KR CH, YR BE43 51147 0.09+0.008 ,0.12+0.021 F1 0.11+0.013 pwmol/L, Ji& JZ KA CH, 1k BE 4351 K
4.17+2.10,2.57+1.60 F1 0.52£0.14 pmol/L,3 AN AEBE K JE KM CH, ¥k i 34 1 35 % F R B Kk CH MR (P<
0.01, %] 2) , i W K I E] 384 00, 26 2 FJRE 2 B9 /K AR CH, 7 8 22 Sl /b, B3 K 5 122 B8 B3 (P>0.05,
K 2).
2.3 FE&EE CH HMEE T

FIHEF ARG B A5 3 AR @ CH, F,, 200l AT 0.28 ~ 12.88 ,0.28 ~ 22.68 I
0.080~16.24 mg (C)/(m*-h) Zfu), itk & F g CH, F, 3915 6.49£3.12 mg (C)/(m*+-h) , & T
FEME(2.83£1.67 mg (C)/(m’+h) ) FN 35 Hb (3.82+2.50 mg (C)/(m”-h)) f) CH, SAHERL. FIFH 10 % v
TESERE BRI 2 3 N AR CH, Fu 53 B F 0.04~0.31.,0.07~0.33 F10.07~0.15 mg (C)/(m’-h) =
8], 4350 i CH, B HERLY 3.91% \2.55% F1 1.34% ; M GRE B R A 35 3 AR F o, 5054 F 0.07~12.77
0.07~22.50 1 0.01~16.09 mg (C)/(m*-h) Z[il, 58515 CH, M 96.09% 97.45% Fl1 98.66% . CH, M HE
HOE R ER K7 H 12 H—8 A 3 H) &, AL S MHERL, & CH, BHERRY E i35 98.86% ~
99.18% ; B VE/K BT [E] 3G N (8 A 3 H— 11 4 H) , CH, g HI i 5252 W B A, 173 2ok 47 B s i) i o ¥ 44
L AEREKEWI(10 J 17 H—11 7 4 H) 9 #CHEBGE & 5 CH, SCHERBR L ik 63.47% ~81.97% (I 3).
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Tab.3 The stepwise regression analysis between CH, emission and environmental factors
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Fig.4 Relationships between CH, fluxes and key environmental factors
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