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Methane Fluxes and Controlling Factors in the Intertidal Zone of the Yellow

River Estuary in Autumn

JIANG Huan-huan'?, SUN Zhi-gao', WANG Ling-ling'*, MOU Xiao-jie">”, SUN Wan-long'*, SONG Hong-
li'?, SUN Wen-guang'
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Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China; 2. Graduate University of Chinese
Academy of Sciences, Beijing 100049, China; 3. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences,
Changchun 130012, China)

Abstract: The characteristics of methane (CH, ) fluxes from tidal wetlands of the Yellow River estuary were observed in situ with
static-chamber and GC methods in September and October 2009, and the key factors affecting CH, fluxes were discussed. From the
aspect of space, the CH, flux ranges in high tidal wetland, middle tidal wetland, low tidal wetland, bare flat are —0.206-1.264,
-0.197-0.431, -0.125-0.659 and —0.742-1.767 mg-(m’+h) ~', the day average fluxes are 0. 089, 0.038, 0. 197 and 0. 169
mg-(m’-h) ™', respectively, indicating that the tidal wetlands are the sources of CH, and the source function of CH, differed among
the four study sites, in the order of low tidal wetland > bare flat > high tidal wetland > middle tidal wetland. From the aspect of time,
the ranges of CH, fluxes from the tidal wetland ecosystems are —0.444-1.767 and - 0.742-1.264 mg:(m’-h) *', and the day
average fluxes are 0. 218 and 0. 028 mg-(m’+h) ~' in September and October, respectively. The CH, fluxes in each tidal wetland in
September are higher than those in October except that the high tidal wetland acts as weak sink in September. Further studies indicate
that the changes of environmental factors in the Yellow River estuary are complicated, and the CH, fluxes are affected by multiple
factors. The differences of CH, fluxes characteristics among different tidal wetlands in autumn are probably related to temperature
(‘especially atmospheric temperature) and vegetation growth status, while the effects of water or salinity condition and tide status on the
CH, flux characteristics might not be ignored.

Key words :tidal wetland; methane; flux characteristic; controlling factor; Yellow River estuary; autumn
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Table 1 ~ Comparison of environmental conditions of soils at different sampling sites

. N TR HORE KA S TC TN NO; -N NH, -N
i W il %1 THEREE  EKIETUNEL . 3 4

/WS+em /C /% /% /mg-kg /mg-kg ™! /mg-kg ™!
e 3171;’303,36'64};;’ 15.45+1.44  21.22+3.82  35.28 +0.68 1.22£0.02  385.89+8.19  1.31 £0.39 3.05+0.71
e 3171:060;38 87,];15’ 13.84 +0.81  21.23 £4.31  34.26 £0.52 1.29£0.01 391.36 £22.94  1.21 £0.27 3.87 +1.06

. 37°46'73. 1"N,

e 1199097, 9"F 10.38 +2.08  20.74 +£7.28  34.67 £2.22 1.27 £0.02  362.53+6.29  1.10 +£0.57 2.92 +0.80
Fei 317194063,92'00,1,\]11:’ 10.85+0.44  20.30+6.01 35.76 £1.71 1.56 £0.02 453.15+31.41 1.19£0.42 3.74 £0.75
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Fig.3 Spatial variation of CH, fluxes among different

tidal wetlands in Autumn
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3.1 A

B T EE A e CH, TR B 4R CH, /Y
AL SR LS 3] CH, FOHERL, JaRE a9 A8tk T
oA W DR BIRCER 2 B T Ak Ry 1 AR A, M T 4
RS AR o 7 e 2SI 2 R 3 PN AR A A ok B
BABEA T X 9, 10 H CH, & 550 44
T VLKA [ B b ik 4 AH DG o3 B 2 B, Bk 9 ) rh il
MERDEMER 2R E S CH, a2 IEMHEX, 10 A
fREWER £ S CH, B 2 A OCAHh, e
B BIAHOCHEIEAS — B (BE s ) . ST =12 9
HhEiEny CH, 5 10 em, 15 em MR B3 1E

A (r 20504 0.845 F10.779, P <0.05) , M HE
I AR (F2). RE 1(b) fE 2(b) thn]
Filh,9 H e CH, i oK & e et 215 10
em L AE S BLAY I 220 1E 4 ) 45

CAWTIER 7 CH, T A EAE T Y il B
R 25 ~30°C 0 ARWEGE R, 9 10 H AR RS
S HB IR R S4B 43 ) R 24, 6°C F1 17.1°C ,9 J 1% 1 3¢
TR T CH, W EaE R, ik il ag 2 9 H
() CH, HEBGHE & SR KF 10 A S HE. 3k
M5, @l 254 9, 10 HAY CH, i 55 AR5 br
BT HT T 1 Bk CH, 88 5 IR AR IR 14
W B FEFFHEKER(P<0.01), 115 H 00 E M 5
em MRS B E IEAHOCOC R (P <0.05) , Ui B I B2 XoF
TRKEEMER b A CH, HEREA — 2 A2 S .

*x2 REL5 CH, BEH Pearson HX R R EEMEST

Table 2 Pearson correlation coefficients and significant analysis between CH, fluxes and the temperatures

T Ay i b VR 5 cm My 10 cm HuE 15 em HujE 20 cm Hu7R R
S 9% 0.255 0. 290 -0.269 -0.503 -0. 607 -0.692 -0.056
10 0.310 -0.117 -0.591 -0. 657 -0.657 -0.582 0. 049
i 9% 0. 520 0. 467 0. 562 0.845*V 0.779 1 0.732 0. 639
10 -0.227 -0. 061 0.354 0.578 0.556 0.532 -0.320
e 9% 0.201 -0.031 -0.316 -0.311 -0.200 -0.725 -0. 141
10 -0.081 -0.329 -0.108 -0.256 -0.355 -0.320 -0.360
el 9% 0.788 0.877 0.527 0.326 0. 049 0.036 0.706
109 0. 582 0. 601 0. 568 0.516 -0.041 0.308 0. 602

1) * R P<0.05 BEKTF; 2)n=7;3)n=5;4)n=6

3.2 k4

T CH, J& - 3BA L IR A o ik B b= 4k
(7 R K o i 220 e Bl CH, 72 AR B IR
AR REE N 1, B HESE W 0, AT AR Ak
PEOE R AR YL IR S CH, Rk
KRR L3 pH i Eh R FE, & mE] CH, 1Y
FEAE 5P AR AP ,9 HBROCHMERY CH, HERGE
5 KE (G LERZE TS5 em, 10 em
Pk ) B R IEACAN, e MR M A CH, i &
RS /KR RO T 10 2% 01N e 7Y
CH, HEGE R 5E)Z . 5 em HIEE /KR IFMHL,
M5 10 em H3E & /K& 2 HAHSC, B A MR
BE(P>0.05) AT THES U8, 30 cH, 1Y~
A — M Bl K A3 B 3G T, A CH, 77 AR B
T IR AR TEAR KL B e T 850K R0,
FRATHEINGE HE T DA REE T WL, BLAh, BB AT (g
AU XA e i B AR A R T £ B AR B A
Kb AT B S. AW, CH, #8511
S P S o N T = =5 B e o Y ] R

THMENR T 5, 5 K AR A K, i I 5 BOH X
CH, 38 & Y2 I A I 8, x5 E4e 4 i iFsE
ZESA— B BARAIMERY CH, HEluE B LS £
HEK AT IR B 35 A G OC R (A 255 &0
Bk CH, s A8 AT 0, G MERDEME R & F
R i = oS 9 O & I B =1 e
i R, Lt SR 5 e B AR B A A A 0
CH, FEAHEANME > e > PR v %) 3 T A8 Ak 3 —
TS EMEE LT P T A AR 2S5
JIe LR REHED K 43 7] e B A FE RN, (B I A BERf
FE CH, i85 19 25 52 15 K o 22 7 .

AN, CH, HERGHE 4 7T 5852 211 %7 5 1 /Y b
FOKRARCR . 58 9 H R, RAE Y Kb r i 3t
T IR E  ARERELE 13 .30 B b T 3k 5 1 Al 7K %
K114 em, TYEMERE 12:00 BFKERRNGE 4.0 cm. 3K
a3 a2 R D WY R AR A (1R 2) . A
METT S, CH, 8B ERAEf 1200 AYHERE: 1330
AT I, 22 I A G o, Ji PR AT g S5 AIK
T R I T K B T R bR EL RS R B A
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HerpyE A K CH, T LUBSRHE Sk, SR B0 3 K
(HEBGE . 340, i T Ik g DR A R R 2R
M 1200 14 29. 0°C HVHFE % 13,30 A9 24. 1°C, X
Al AR 5 1 A CH, HER D 1 18] 422 J A
HZ AR, CHEAE BRI R (12.00) 19 CH, HEj#E
S I FEAIR, (H Y /K B R M 3 i /K 3L BR A, CH, 38
HAE 13:30 ~15.00 — FLFR AW, 7 K AT g2 i
T OGMERE TR 30 0 147 ke Vs B Ak LA 2 1 BRIV b 3
K ETHIT B2 HLM2 RSk B ] KA 56, ] A s
TR s K ™ B REAS T CH, [ RS HETL.
3.3 4

B TR BEFK A3 A0, R AR s CH, Rk iy
HEH T, ENIMU A R A ORI, 5 T o 5
Wi 7 CH, 20T B TG PR R ] 4252 . CH, 38 5 (19 284k
TR 9, 10 H AN [R]1 0E 0 L Y CH, 38 24X
55 em T)2BYEREE (DL EC FRAF) R AT 5 10
em, 15 em )2 BYERFE 2 IEAR G, (HARSCHE SR B
F(P>0.05), Ut LR BB = —
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TR KR, Bl R 50 TS VR B2 B3 hn, CH, 7= AR 0
FIB AR, B R % CH, P2 AR i A% 32 2 A
FET FR e & T 3 i T2 AR R, (15
CH, P WfE SRR Y LR MAR T8 1A
M F 2RI R R B A S CH, 774 [R5
it ZA AT BEBR I CH, S EMRYTE T . (HALAT B
FEINN BRI T 8500 BTS2 AKX CH, 7= AR TR
AT EMEHEIE CH, 7= A A FEHLH . A5
AR CH, HEBCGE 522 8] A SRR 3
ULEHER 2 T B I AN J2 52 AN [m] ) o 1 M Bk 2% CH,,
HemoE S EE R R,
3.4 fHH

SRR TN A R AN 8 | B R AL 4R R
WY, R LGB CH, = A B AL A% A HE
HORFE M CH, (38 228k, 46585 SAEYDOE A ER
PR CH, 77 AR 1Y F2 B m R, A AR 2R 1% J) A T

Yy o b R CH, A R IR 4, 445 SR A P AR
Pré|fbE CH, E ki EE AR A 8 cH, &
NS B - L7 N N i R 1 R (K= 7))
FERERL Y A K X I8 CH, A% 5 i) 32 B8 28 ( n:
50% ~90% L3 P A () CH, &4 5 kR B
Sebacher %5 B 5E Fe W, HE IR ML Y Thphalatifolia
B, M 50% ik A RS CH, 2 Y
XL 2% 1. T UL, A 9 Rl A Z2 T TR B2 CH,,
W A [FAE Y 7= A 3O WA rAS 6] AR 5%
o RKZRRY CH, HERGE R AR 2 B R AR > D6
> e > TP ME(2.2.5 ). T 9. 10 A
T EREE 19 A ORI ARl o L oA 22 (RG]
IV ) 32 I ) 1 D RS | AR AR OR LU, DA
A AT CH, HER, 11X 0] 58 2 T 2% i v
(015 P GiR == &2 N O ER - U oS W | N i 3228 2N W R
o (HE AR, BB R AT BB FE T CH, 745 7]
L i A S s AARHE R AR 2.
3.5 CH, HEfGHE &358 H 115

T H R m CH, & T RE R H R, A4
FEXT I O 4 ANV LA = G 13 IR R R
7T EB T (n =53). IR E R ZQIER
i ASFGRE R (0, 5, 10, 15,20 em) FH i AN
FEHAKE0,5,10 em) AR LZEHFH(5, 10,
15 em) . ARKYE Ao BB, BEHR TRREME > 1 19

T 89.62% , B Uy M S5 W T Rk 2 YT 11 9 e 3 N Ui
Y PR AR
%3 BEBERERSEHE

Table 3  Eigenvalues and principal component contribution rates

E o FAIE(E TR % BT %
C1 7.027 54. 054 54. 054
C2 2.832 21.787 75.841
Cc3 1.792 13.783 89. 624
C4 0. 603 4. 640 94.264
C5 0.251 1.935 96. 199
C6 0. 165 1.267 97. 466
Cc7 0. 115 0. 882 98. 348
C8 0.091 0. 697 99. 045
(0% 0. 049 0.378 99. 424
C10 0. 045 0. 347 99. 771
Cl1 0.019 0. 144 99.915
C12 0. 007 0. 055 99. 969
C13 0. 004 0. 031 100. 00

MR T T AR (R 4) R — T €, 5
X, ~ X, % T AR EBERIEM S, Mk e R 5
ARG IR DA ¢, IR n] DL 1R R A%
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PRI, BT C, 5 X, ~ X, R KRIEAM,
X BB R R 1 54828 R G A K Fdh o R A 5%,
AT DAE RS ARER. 3 =10 ¢ WiRE
B,5 X X BERIEME,MS X, X, 2 KM
FHSE, X 26 R AT LB VRS K Eh A AR 2. Xt
AV . BB A 2 B 0 R R O R B e X (B R
VERARER A A 5 | A -G BR k  37 3 B IR [H 3
Y5 CH, HEGE A9 Z o0 ml 35 f2 .
Y =-0.552 +0.031X,
(R =0.360, n =53, P =0.039)

ALYl CH, R X, W

x4 ERSHE
Table 4  Load of principal components
ES%ix

WA T q C c,

X, 0.921 -0.209 0.126
HIERIRE X, 0. 902 -0.180 0. 087
5 cm HBiR X, 0.975 -0. 167 0. 036
10 cm B3 X, 0. 980 -0. 056 0.038
15 cm IR X, 0.952 -0.125 0. 007
20 cm HiiE X, 0.958 -0.050 -0.020
A X, 0.952 -0.151 0.117
R KE X 0. 429 0. 426 0. 645
5 em FKE Xy 0. 068 0.787 0.501
10 em H/KE X -0.264 0. 632 0.614
5 em HLRE X 0.263 0. 669 -0. 581
10 em S X, 0.395 0.703 -0.518
15 cm HLF 3 X 0. 488 0.737 -0.320

PRIE AR o FOA SRR A DR 5 R Tl x
FRZE BT 11 0] MERR L 2R 58 CH, HRBCHAT B3E 520
M5 3. 1 P+ RkEE CH, & 52 3E IE
RSG50 A — 2, 15 73 ik 4 B, Hee IR
CH, HE7sis B B A —E N H BRI S B2 K

4 Hig

(1) FEZS [a] b, Bk 2 v 0 W vl ¥ 0 3 e A
JCMER) CH, 38 2 H{E 4 514 0. 089, 0.038, 0. 197
F10.169 mg-(m*+h) -, ¥FIM N CH, HEBIE, (2
US T RE 2% A 2 BN AR M > O > S >
THTE.

(2) ZERFR] 1,9, 10 H AR e 1) CH, HEX
WO 9 - 0.444 ~ 1.767 mg-(m*-h) ',
-0.742 ~ 1.264 mg-(m’-h) ", % {H K 0.218
mg+(m>-h) ™', 0.028 mg-(m’-h) ", Bx 9 H &
FIH CH, 5546, B MR CH, 8 &8 &
T 10 A.

(3) B 12 52 ) O VI L 1 PR 8E AR b e R R

Z¢, CH, HEliE 52 22 8 R 32 ). Bk A 1) 3 R 14
M CH, HERCHE 5 (9 22 5 7] 5g 2 5 1R B2 DL A 9t
AROIRBLAY 22 5 56, b Uil 5 CHL, i 52 1 3%
IEAHKIR (Y = —0.552 +0.031X,, R=0.360, n
=53, P =0.039), 1 /K& & A8 R B X CH,
HEFHGE (14 52 N 75 20
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