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 E AUREEERREERBERH I EEAAGIX . R F R G (CH)HE O . AT B SR R SR R AR
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EAFE BB IR ERIECR(R® = 0.919, p < 0.01), FHH/KALIRE 4% B8 H i3 X CH A BCE & 25 R 28K ) B 7
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Characteristics of methane emission fluxes in the Zoigé Plateau wetland on microtopography
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Abstract

Aims The Zoigé Plateau, as a very important wetland distribution region of China, was the major methane (CHy)
emission center of the Qinghai-Xizang Plateau. The objective of this study is to study the effects of microtopog-
raphic changes on CH,4 emission fluxes from five plots across three marshes in the littoral zone of the Zoigé Pla-
teau wetland.

Methods CH,4emission fluxes were measured in five plots across three marshes in Zoigé Plateau wetland using
the closed chamber method and Fast Greenhouse Gas Analyzer from May to October in 2014.

Important findings During the growing season, mean CH, emission fluxes from the permanently flooded hol-
low (P-hollow) and hummock (P-hummock) in the Zoigé Plateau wetland were 68.48 and 40.32 mg-m2-h™,
while mean CH,4 emission fluxes from the seasonally flooded hollow (S-hollow) and hummock (S-hummock)
were 2.38 and 0.63 mg-m™2-h™. CH, emission fluxes from non-flooded lawn was 3.68 mg-m2-h™". Mean CH,
emission fluxes from five plots across three sites was 23.10 mg-m2h™, with a standard deviation of 30.28
mg-m~2-h~ and the coefficient of variation was 131%. We also found that there was a significant and positive cor-
relation between mean CH,emission fluxes and mean water table depth in the five plots across three sites (R?=
0.919, p < 0.01), indicating that water table depth was controlling the spatial variability of CH, emission fluxes
from the Zoigé Plateau wetland on microtopography. CH, emission fluxes in the P-hollow, P-hummock, and
S-hummock showed an obvious seasonal pattern, which was not observed in the lawn and S-hollow. However,
CH, emission peaks were observed in all the plots during summer and/or autumn, which could be closely related
to the water table depth, soil temperature, and the magnitude of litter mass. In addition, we found that the CH,
emission flux in the P-hollow was much higher than the other four plots in the Zoigé Plateau wetland, suggesting
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that CH,4 in the P-hollow could be often transported to the surface by ebullition and CH4 emission from the Zoigé

Plateau wetland may be under estimated in the past.

Key words CH,4 emission flux; hummock; hollow; lawn; Zoigé Plateau wetland
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5t (CHa) & — Fl B L (130 2= S04k, & HLCOLE
BR, HH 4 o 1 3 R 0B D CO, 1 28 £ (IPCC,
2013). HT AFKEIRFEW, RTHHCH A &S
MA7504E#10.722 pmol-mol™ F FF %2011 4% 111.803
pmol-mol™, FH& T 42,565 (IPCC, 2013). HIRTE
1999-2006 4 KX H I CH, & Bifa TR, HMN
20074 4h, KA CH, & & F ik F+ =i (Rigby et al.,
2008; Kirschke et al., 2013), iX EZ & il Figih. 73
FH 1 AE 9 5 8% 4% HE T80 ) CHo 3% i1 (Chen & Prinn,
2006; Kirschke et al., 2013). [Fl1t, CH4 Y5/ 7] 5
32 H RTRIF TS A3, s CH IR AL 1n) R AT 786
F AR AT CH, 7E 4= BRAS A% AR IR 3k 72 rp 14
AHERER N

H ARIE 2 K CH, I B EEHEOE, A
N177-284 Tg (1 Tg = 10" @), £ 54ERCH HER &
[1)26%-42% (IPCC, 2013), HEEMAHIE, —r&
i T AN [F) 98 Hh 1) CH, HE 3 A7 78 B 25 A% R
(Whalen & Reeburgh, 1992; Huttunen et al., 2003;
Inubushi et al., 2005; Chen et al., 2008; Glagolev et
al., 2011; #EEERSE, 2011; McEwing et al., 2015;
Song et al., 2015), — &K ASxZ(IPCC, 2013;
Munir & Strack, 2014). ¥EHWCHHEE th R A&
= CH4 T A2 BUCH, A 75 S 5 1 R B CH, B AL
CH R A2, D k. BIFEY LR
i FEHECH, (Le Mer & Roger, 2001; F 4%,
2003; Lai, 2009; McEwing et al., 2015).ix 3/ id #4252
VFZIREEIR T (R KALIRFE « TG MR A2
A1) S (Mikkela et al., 1995; T 4 37 Al 22 4H 1
2002; Inubushi et al., 2005; McEwing et al., 2015;
Wei et al., 2015) . B T-IBHb(ande sk Hh) L R 1 2 Ak
BRI RGN 7S (Lai, 2009; Glagolev
et al., 2011; Munir & Strack, 2014; Song et al., 2015;
Wei et al., 2015), ANEIKAGIEREEZRAET, R+
R ERA Z= S, HES BCH HE o & A7 7RI 2
A7 4k, (Dise, 1993; £ % 1-%%, 2003; Hirota et al.,
2004; Wei et al., 2015). H i, E4MG I %y

55 X CH,HEBU I 5 4% % (Dise, 1993; Mikkel4 et al.,
1995; Waddington & Roulet, 1996; Glagolev &
Shnyrev, 2008; Kalyuzhnyi et al., 2009; Munir &
Strack, 2014), i Bl A 51X J7 T 18 72 i A i
(Wei et al., 2015). [, #—BHF 505 BT AL
20| B i AN [7) 7% 18] 358 1y CH 4 FF O PR 5584844 1y o S AL
R B T X R CH HE S B

#7 /K 75 71 J51(101.60°-103.50° E, 32.33°-34.00°
N, ~F3¥#48 N3 400 m)ie & i 5 TH A1 29 4 038
km?, i 5 ] TR A K ) v D08 ¢ Y 936 A [X (4
A, 2002), 72 T 5 AR AL S 1) CH HE O
(Jinetal., 1999). T 104EK, B P & FF 545 /K 56 =
JER e IR T PRI H CH, FIF IBURFAE (48 & 55, 2002;
Ding et al., 2004; Hirota et al., 2004; Chen et al.,
2008; T ff7E, 2010; Z5Wi%%, 2011; Song et al.,
2015), HUAS T —E MIECR, SR i T G 20
MICH AL R AL 7 — e BR i fl . SR, /K
i e JE e R VPRI N X (B e A b)) CH,HFTBUR
I} 25 A5 A A% R A 48 - Wei % (2015) 4138 T 58
JE P FRE IR 1R (4 758114 320 m) )7 b A i 3 [X
(B ANERL) CH HREURRE, 45 SRR BH 5 m (R 1
W%, AEAERS[AVFI 22 0R) b i) 2 5, XS CH,HE I =
PIAEAE BRI E T, X AR T FA 1R 2 B A
T Jir 0 b C H g TBOR A 355 A8 A R 38 A 1) i S AT
], DA RORS B TR ] vy i CH HE T

1 MREBRMARTE

1.1 #AREXER

AT 5T 5 (33.92° N, 102.82° E, #3ik A3 441
m)Ar T4 R 35 IR AR RS X o 45 /K 55 1 1 20084
BHIN GRILALZ) 1EPRE R A R, ZH)E
FIEEATRIESA%, 110 2IRFA4H Z P HF WA 5
A A FE], 52 10H Z VR ZEXEES], P
i1 °C, wIEHTHEARIR 107 C, &A
H1HF¥51E-10.3 C (E&F4, 2003; Ding et
al., 2004). £E[%/KE650 mm, [F/KEFE-9H, M

doi: 10.17521/cjpe.2016.0029

O+ #5244 Chinese Journal of Plant Ecology



904 WA Chinese Journal of Plant Ecology 2016, 40 (9): 902-911

XTIEET78% (4 -F4&, 2003).

A FEHh SR T AR IR A 2, A 3P K AL IR FE
PIPe it R K . 2= PR KN R o
Ko LEX PR MBI, M 7K e e i H A7 T80
THIAZ, ZE5 PR K Ve sIR AL T a A [, 3R
/SR 7 NS Ve ) VA I 1 e g = o 21 OB G 4
P A 7RI 22715 1 7K Ve R I 3 350 T BT A 35
B Fr(hummock) FlE b (hollow), 3 4 Ff il h 351 i AR
JiIT i A9 29 A55%/145% . JLAa SRt SR, HAEY)
KR (1)H MW K 5 (P-hummock) 3= ZLE
W) AR B # 5 (Carex muliensis); (2) % 411 v 7Kk 4 4l
(P-hollow) == 1 4 i /K K 4 /)N IR ¥ 2 (Potam-
ogeton pusillus)F1f8  (Utricularia vulgaris), {4 %
BRI BB R (3) 25 MR M /K % (S-hummock) =
B Y N T % 4 (Kobresia tibetica), 4 B NIE
%2 3% (Eleocharis valleculosa). % Jik (Potentilla an-
serina) FI{¢ 22 0 [ i (Caltha scaposa); (4)Z= 5
7K Hb (S-hollow) 3= ZEHE 1 AR HLEE R, (5) 1 i iy
~F-3H b (lawn) 3 B )y VA 3R 5 A 752 O B
T HERACAR R EE L, IR KL,

12 MRFE*
121 HHgE

20144F4 FJ Ay, AEACIT I 1 H 5 Fh fuicth 35 X
F ST IAMRHEREHL(20 m x 20 m), 7ESFHRHLSE X
B F SRR E3IN(n = 3), L1654, JRAEH AL
BRI VE (BEA% 950 cm x 50 cm x 20 cm), JEJE
VUEAS5 emE fE7KAE, T H4E AN 315 cm, ik
JHE K AR BEAE S B b b [RII, AR AR R K
FeEdh, A E 15 em B SRS dFkiE, g 24T [H
JE, B LEBORE T AN ARt S 4k

L AR o e RS Rt 3+ AL T (T Y (b g 22)

122 CH,/SH%ME

JHILERASHH7E(Chen et al., 2008; McEwing et
al., 2015) RAECH . F#ASFH R . 146 (50 cm x 50
cm x 50 cm) T4 (50 cm x 50 cm x 50 cm)ZH ()
e s, 2009). HAEMEREKP-hollow R K
FEANTOURE W 2 CH A, Ho A Rl 35 [X SR FH R 82 A1
THFE I S CHy S M. AR RN TRURS ER 8 AR A ek ) ok,
A O EAS omm R OKAE, Bk S R
N TAEFE NI RS E, R AR ANTIAR S04 SR
w, AN EE215 cm x 5 cmf XU, THAH_E&6
L BAR N2 ecm 2N R FE/N R AL, &R
R SR HT A 2% (Model GGA-24EP, Los Gatos
Research, San Jose, USA)IK2HR B 1% i £ 1193% i1
S5% KE4 m (N2 N4 mm)(Mastepanov et al.,
2008; McEwing et al., 2015), {X#%iBi12 VE H i
fibd, dE REWE AL Hz (Mastepanov et al.,
2008). JHaXER I, WECHHBUB ER, Faf
HIREEKIEE G, %NS SENTX, I
1 I 247 W 3 U8 R B AE 23 A AXES Y TG B I b i
W HTCHAKREEARAL o B ISR 2 2 1, 7E )i R
IKAEARK, JEEES, SRR B B R T A
KA CH M FE AR E N 24 1L A B2 S AR CH IR
(8.04x107° mol- LYY HF, ot s 25 4 11 78 JB J36 s 46
b, B ES3-5 min, SAERITERSHE T IFBOR
A, 2982 min, 855 A& T — A A 56 K A,
TEIA A DL I A2 & 3] 25201447510 H Jb 5T
5} 18]9:00-11:30, WM AEE 20K CH4HEBIE
T2 DA PHAR PO TO08 O CH 4 3% P52 i P 1) A £ 1) B2
B 5 (Mastepanov et al., 2008; McEwing et al.,
2015), [m])975 & ki R HR*>0.90; 24R® < 0.90H,

Table 1 Soil physical and chemical properties from the Zoigé Plateau wetland on five microtopography (mean + SD)

FER Plot pH
(0-10 cm depth)

LIS R
Soil organic carbon content
(0-30 cm depth) (g-kg™)

P-hummock 76+0.1 210.38 + 47.29
P-hollow
Lawn 7503 143.21 £10.03
S-hummock 75+02 151.74 £ 74.15
S-hollow

TIEAE A A=
Bulk density Total nitrogen Aboveground biomass
(0-30 cm depth) (g-cm™)  (0-10 cm depth) (g-kg™)  (g-m™)
0.29 +£0.09 15.20 + 3.50 127.16 +8.11

279.34 +35.54
0.52+£0.08 18.05 + 0.00 142.28 + 95.61
0.40+0.16 8.91+3.85 189.74 + 72.79

194.01 +50.07

Lawn, 45 k7K 5 2255 P K A 22 8] (e 95 S 4 3, P-hollow, 5 4E R /K EEML; P-hummock, 4 /K 55 ; S-hollow, 2715 14 /K 3

S-hummock, ZEFTPEHEKE fr.

Lawn, transitional zones between permanently flooded and seasonally flooded sites; P-hollow, permanently flooded hollow; P-hummock, permanently flooded
hummock; S-hollow, seasonally flooded hollow; S-hummock, seasonally flooded hummock.
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Wi AAE N CH HEom &5, H LB ~3.8% (f
& P-hollow [ #5 A B I {8 3 K (592.44 #11 327.82
mg-m2h™), R4R?> 0.90). CHAAFGEE T E A
A (PMFEHTEE, 2009; McEwing et al., 2015)%1 K :

K FACHHERGE 8 (mg-m™>-h™); MAyss il &
(1 BE R B, VORAR NS SRR, AR S AR K TR
(0.25 m?); do/d {2 CHL U JE It I 1] A2 4 1 B 26 A
25 Vo ToFAPo /3 BAFRHEIRES T 1 CH, AR BE /R
BlU(22.4 L-mol™). AR 4E%0E(273.15 K)FIS &
(1013.25 hPa); PARAEHN SR, TR RFER 46
PN R 25 LS

W5 CH HFuE B, R I E- I v 260
RZ (5. 10, 15. 20. 304145 cm)ff) 4R . @il
TEF ST IZHEZ70 omil & 3K AR, T
SEMEE K O R B R K AR, 20144E8 A
A ER AR, REINEE R HAN50 cm
x 50 cmfJHh_FAEYE, IEf R SEG S EEAET0 C At
FREFRE, . 76, RS Re R E+
HX0-30 emi 7 gl & H 3B FR AL 14 T (R 1)
1.2.3 HiES

K FH O 56 L e 30 16 iy 5 R 4 4 35 [X 22 1) £
CH A UE &= 2 5, SR H #. K 2& £ EECX Duncan 7y
HTCH HEBGE B 2= ARk, R Pearson#fl < &
AN CH A BOE 2 5 H3E R . KALER FE AR
AP EIAH K R o T Hdf K F SPSS 18.0%1 144
HAT T, R R A P A AR HE (R 25 (mean
SD). W3 /KFp=0.05; & EKFp=0.01,

2 ZRMOH
2.1 ERESERHAHIRX CH,HERUE = BT

=T

Fi /R 5 v JEUVE H S Bl 55 X CH o HE J5CE = 4
EI1F7~ . 201447510 H CH.HF i 00l e, 18
3R 5 X (P-hummock. P-hollow#1S-hum-
mock) CH, S EAFER B T (p <
0.01), Tfii¥EHhLawnFIS-hollow i F fth 35 X CH,HE
JHGE B R E ARk (p > 0.05). P-hummock ]
CH . HEim & i 26 4 50, 5 7 ] HE 08 &2 5K
(14.44 mg-m~-h™"), BJ5 KiEFF 5 (32.73-56.52
mg-m>-h™), 7E9H ¥Iik F|i% (¥ (76.86 mg-m~2-h™),

EAE: R RN R ot 3 X e HESGE B RHE 905

|—=— P-hummock
—C— P-hollow '[

16 ~—A— Lawn

i N |
st

1A :
N]T

—— S-hummock
6 thollow‘|’

HHE il B Methane emission fluxes (mg-m-2-h1)

1 1 1 1
D Or g2 2 = o= s oo £ <= 75 B
) () = £ = = = S 8 o
=3 533232z 3z2588%§2¢8¢
" g = 8 T3 84 29 -«
H i Date

EL R 55 JE 0t SR (i 35 (X 20144F CH, HE 508 &= 2
AR BME LR HE M ZE) . Lawn, H MK S ZFEA
7K R VB B 3o i S 3H 3 P-hollow, 5 4 4 7K i 3
P-hummock, ‘& FPEHE /K H E; S-hollow, 254 8 /K i Ml
S-hummock, Z=5 /K T,

Fig. 1 Seasonal variations of CH, emission fluxes from Zoigé
Plateau wetland on five microtopography in 2014 (mean + SD).
Lawn, transitional zones between permanently flooded and
seasonally flooded sites; P-hollow, permanently flooded hol-
low; P-hummock, permanently flooded hummock; S-hollow,
seasonally flooded hollow; S-hummock, seasonally flooded
hummock.

10 H i B AIRAA ; P-hollow ) CH HEBGHE & i 28y
3, 5 M ARAE 45.78 mg-m™2-h™, i J t KR 1
hn, 6 H11H A7 H24H B2 /NE(E, 9H IRIA 2
e KU A (144.43 mg-m2h™), 10 7 J& [8 B A% K
*F. S-hummock ¥ CH,HE U & it 28 9 X2, 5
WIHERGE B % (0.17 mg-m2-h™), ELH|7HEKAF]
RIEAE (1.24 mg-m2-h™Y), Bl G FRAR, 107tk
5 KU4E (1.48 mg-m~2-h™); LawnH1S-hollow’E (-7
CH, AR08 5 0 W W 1 2= 15 48 4k, il 42y X Y,
WEAE R ILAE6 H W) 8 HWIERAKCR, HEmuE =3t Fl 4
W1-50.23-8.45F10.48-4.91 mg-m2-h%,
A /K i e i 1 5 4R 3 (X P-hummock

P-hollow. Lawn. S-hummock. S-hollow4::-Z=CH,
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HEJBGE B2 51 5 (40.32 + 19.78). (68.48 + 36.23).
(3.68 +2.73). (0.63 + 0.41). (2.38 + 1.45) mg-m2-h™*
CPIEEbR#ER ZE), TEIKIX940.81. 67.51, 2.74,
0.46H12.44 mg-m>-h™", "B 12 18] I CH,HEHGE &1
YIEAEAE 225 7 5 (p < 0.05) . P-hollow ) CHFEi5GE
B, &S-hummock(f11084%, LawnFlS-hollow .
T {19 CH, [ HEJOE &5 50k 22 J /s, (HAHIA 1665,
N T WERA TR (X A CH FE SRR, % 48 1 v /K TR
Az K ZECH HE B0 2 (5 b A AR L 45155 45)°h4
(52.99 + 19.57) mg-m2h™ CEEERHERZ); 2=
T VA 7 A K 2 CH H G i (5 e R L T
FAEL1]55:45)9(1.42 + 0.82) mg-m 2-h™ (CEI{E +hx
%) o
22 ERESREMHMRXCHANEBEES
BB B RIK AR E HORE A M

PearsonfH < 43 #7% B P-hummock 55-30 cm
IR E B E A (n =12, p < 0.05)8iH% B E A K (n
=12, p<0.01), HAb4F ISR X CHHER 5 3R
JEAREZ MK (p > 0.05), {HS-hummock%Fr10H 17
Bl 5, CH HEBUE & 510-30 om- 3985 i 2 25 4
FK(n =10, p < 0.05)(%2). SM i Z X 4 KZ=CH,
HEROE 5 KA R FEAF AR 5 35 26 M IE A SRR R (n
=5,p<0.01) (#2).

3 ITRFLER

31 EREBEEHBBRECHANERNE
BT
B T ARSI B AEEHEKP-hollow CHAHER

2 CH, HACE & 5 3 AN K LR AR SR

iR (5.78-144.3 mg-m 2h Y)Y K F H AL 5T
(L2351 HH 11 2 2 SCHR) 1 75 5L 0 1 CH 8 & ¥
(-0.81-86.78 mg-m2-hY) LAk, H: A 4R {55 X
CH,HE i & 75 [ (0.17-76.86 mg-m™>-h ™) 7E HoAh
HIF 52 1) e JER 14 . C H 38 B Y el PN (323) o

AT TR 1 5 A b 35 X CH 508 & 0
PI7EE 75 (6-8 H ) sk 2= (9-10 H ) (1), 5 LMERTF
45 5. (Dise, 1993; Chen et al., 2008; FMBEH%E, 2009;
TEEEARSE, 2011; Wei et al., 2015)—5 . E ZCH,HEK
JE R 1 DR T e R R (1K2), (R
HEYIAK . 0 BE, NCH 7 AR 78 2 A HUE
IR 33 I8 (R K345, 2006; FABEHTSE, 2009;
BEARSE, 2011); [AIEF, LIS MG R, bk
A AR, FEAC T AR IR A, AR T
CH, B [ K (FMHIAE, 2009; B BEFRSE, 2011). Ak
7= CH, HEUE & = 1) 5 B8 ) B2 K &2 A ML BTN
AR AR AR K AR T 46 23 A SR V& P N 2 00 (P
e 4, 2009; XSHAHTSE, 2015), {3 m] F i A AL
JEADEEIN, (EREF=CHa R 7= 4 CHy; 3 4h, BKZEAKAL
REERIN(E2), Wi LIRPAK M 2, AR T~
CHa B 7= A= CH4 F ik /b 8 4k CH, 1R A f.CH4 (Moore
etal., 1994; FHEEFHSE, 2011; Wei et al., 2015).

SR, IEHECH HEBUR E3E CH IR . &
T A% 5 R HOS FEAH BAE H 145 R (Whalen &
Reeburgh, 1992; Le Mer & Roger, 2001; #MBs#4E,
2009), =ZF|— RHIH (B E RO IR Y
AR ) R, 154 K ZECH A = 5 +
R AR IR B A LG RBEINSE Ao AR TR

Table 2 Correlation between CH, emission fluxes and soil temperature or water table depth

FEA ENEpy A A Bt R? p n

Plot Regression equation Variable Variable range

CHHFHGE & #){H Mean CH4emission fluxes y=1.07x +32.79 WTD -39.7-29.5cm 0.919 0.006 5

P-hummock y =5.07x - 10.38 Ts 5.6-17.9 C 0.747 0.000 12
y =4.60x - 5.00 Tio 4.0-14.6 C 0.694 0.012 12
y=4.21x-2.08 Tis 3.2-145 C 0.698 0.012 12
y=4.12x-1.49 Ta 3.0-15.0 C 0.737 0.006 12
y =3.63x +5.93 Tao 1.7-15.1 C 0.670 0.017 12

S-hummock y=0.07x-0.27 Tio 4.0-146 C 0.407 0.028 10
y=0.07x-0.23 Tis 3.2-145 C 0.448 0.020 10
y =0.06x - 0.19 T 3.0-15.0 C 0.429 0.024 10
y =0.05x - 0.07 Tao 1.7-151 C 0.346 0.043 10

Ts, 5 cmE3RIEE; Tio, 10 cm 3R Tis, 15 cm 3R Too, 20 em -3 FE; Tao, 30 cm B3R . WTD, JKALIREE .
Ts, soil temperature at 5 cm depth; T1o, soil temperature at 10 cm depth; Tys, soil temperature at 15 cm depth; T, Soil temperature at 20 cm depth; Tso, soil tem-

perature at 30 cm depth. WTD, water table depth.
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Table 3 Comparison of CH4emission fluxes in various plateau peatlands during the growing season

(A T IR CH o &-F11E Yo TFFE I (] S5 30k
Location Main vegetation water table Mean CH,4 emission  Range Study period Reference
depth cm)  fluxes (mg-m™>h™?)  (mg-m>-h™)
ER e E R R 23.10 £ 30.28 0.17-144.43 May to Oct. 2014  ZHF 5T
Zoigé County of Zoigé Plateau This study
P-hollow INIR TSR RN 29.5 68.48 5.78-144.43 AWFFT
Potamogeton pusillus and This study
Utricularia vulgaris
P-hummock A H R 75 40.32 12.93-76.86 PN
Carex muliensis This study
Lawn P s EAE A P R 216 3.68 0.23-8.45 VNI
Kobresia tibetica and This study
Caltha scaposa
S-hollow AREHE -21.1 2.38 0.48-4.91 A5
Carex muliensis This study
S-hummock [l = -39.7 0.63 0.17-1.48 FNGIS
Kobresia tibetica This study
REEE HE 9y ND 451 0.36-10.04 May to Sept. 2001 Wang et al., 2002
Hongyuan County of Zoigé Plateau Carex meyeriana
EOR e R A PN A ND 2.87 0.51-8.21  May to Sept. 2001 Wang et al., 2002
Hongyuan County of Zoigé Plateau Carex muliensis
PR R AT IR A1 ND 3.24 0.86-8.93  May to Oct. 2002 Ding et al., 2004
Hongyuan County of Zoigé Plateau Carex meyeriana
ER e R A N A ND 1.24 0.16-5.75  May to Oct. 2002 Ding et al., 2004
Hongyuan County of Zoigé Plateau Carex muliensis
EiR A R o )5 B K H B B Ry B ND 243 0.02-12.01 May to Oct. 2003 Wang, 2010
Hongyuan County of Zoigé Plateau Carex muliensis and Carex
meyeriana
HIR S B RL R U R 5 BRI A HL B -18.36-10.66 14.45 0.17-86.78 June to Sept. 2005 Chen et al., 2008
Zoigé County of Zoigé Plateau Kobresia tibetica and Carex
muliensis
TR e R A R i L AREEE -53.94--4.74 9.83 0.06-39.5  June to Sept. 2009 Lietal., 2011
Zoigé County of Zoigé Plateau Carex muliensis
e SR FEAL i AN 2R ND 2.80 +0.80 ND July to Aug. 1996 Wei et al., 2015
Qinghai-Xizang Plateau Kobresia littledalei and
Carex doniana
T A EN ) €Y= ND 0.27 -0.81-2.64  April to Sept. 1997 Jin et al., 1999
Qinghai-Xizang Plateau Batrachium trichophyllum
T VAur:3 10-120 1.46 -0.24-7.85  April to Sept. 1997 Jin et al., 1999
Qinghai-Xizang Plateau Hippuris vulgaris
T e 5 WER 12 8.19 1.91-10.58 July to Sept. 2002 Hirota et al., 2004
Qinghai-Xizang Plateau Carex allivescers
T MK IR A 0.2 5 2.88-6.91 May to Sept. 2012 Song et al., 2015
Qinghai-Xizang Plateau Carex pamirensis
R MoK IR B B 0.6 6.11 4.61-13.25 May to Sept. 2013 Song et al., 2015
Qinghai-Xizang Plateau Carex pamirensis
ZE[E RS P M 3022 45 ik A ND 0.35 0.05-1.10  Juneto Sept. 1992 West et al., 1999
Colorado Front Range, USA Carex scopulorum
b5 L L ik L ND 11.45 0.04-20.41 May to Oct.1996 Wickland et al.,

Rocky Mountains, North America  Carex aquatilis

1999

ND, A BHEHE. Lawn, HETEREK 523 MK S 2 18] (O S 5 F 1 3, P-hollow, F 4EMEWE /K 4, P-hummock, 5 4E1EHE/K B T; S-hollow, Z=75

PEHEK HEHE; S-hummock, 2545 1t /K B I

ND, no data available. Lawn, transitional zones between permanently flooded and seasonally flooded sites; P-hollow, permanently flooded hollow; P-hummock,
permanently flooded hummock; S-hollow, seasonally flooded hollow; S-hummock, seasonally flooded hummock.

P H o 57 X (P-hummock . P-hollow#1S-hum-
mock) CH,HEBUHE & 2515 PR AR AF IE AR 2 35 22 573 (p
< 0.01), Lawn#lS-hollow CH HEBGE & ZEFARLA
i3 (p > 0.05). PearsonAH &4 43 b B HEAN 4= K F
AR B8 4 K P-hummock 5 - 35 7 (5-30
CMFAAE R E LM IEAH G R (p < 0.05)(K2), 1XFE
AH - 438 I B 2 S A S 3 X CH , HE U B A7 AE B
EENRMNEBER T, 5HARE R IR
CH HF 5 iR Y2 38 A DRI =) BT AP P e /K

Hi(Whalen & Reeburgh, 1992; fMEEHI%%E, 2009)Y)
& o ABH VR K P-hollowi% A R BLIX — LR, 15RH
AT HoAth PR 7 SR M CH R, 1 i K A7 I P A
TR AP K P-hollow s AN E KR /K TR
i T IIFR20 cm (1&12); b, HEPEER LT
I/ IR TSR Ay £ 2R, EATAR
Y M IE S AL PSR AL et 1
CH M 358 ) KA Hnas, 2 170 39 I CH . HE ik
(McEwing et al., 2015), W1P-hummock#¥f ri Ay5 L}
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T

15 em b HEi

Soil temperature at 15 cm depth ('C)

=
T

AKALIFIE Water table depth (cm)
e
=
T

1 L L L L 1 1 1
= = o o > = =0 b o - < =
£ %55 535 2 2 5 5 828
m e = e = = o &2 w oa

~ - =1 ~ = 1 = =i

13 Date

—&—P-hummock —C=P-hollow —h—{ awn
——5-hummock = =S8-hollow

B2 2014435 /R 5 = IR SR 3R X 15 em+ 38 iE A0
IRBLIREE o Lawn, F SRR 7K 5 225 M 7K il 8] sty
S P-hollow, # 4EVEWE /K EEE; P-hummock, ¥ 4E 1
JK¥EFr; S-hollow, ZEFTTHEKEH; S-hummock, Z&-15PEHE
K.

Fig. 2 Soil temperature at 15 cm depth and water table depth
from the Zoigé Plateau wetland on five microtopography in
2104. Lawn, transitional zones between permanently flooded
and seasonally flooded sites; P-hollow, permanently flooded
hollow; P-hummock, permanently flooded hummaock; S-hollow,
seasonally flooded hollow; S-hummock, seasonally flooded
hummock.

TYIA B ECR A ARh . X Fh KA I FE R 4 25 Y
K7 AR 4L, AT Re (vl 3-SR CHAS 3 5 Uk
AR o V22 I SR BV T B i T R 7K )N
W 7K - KGR CHa 22 #2677 20 LA E i 2 (ebullition)
N E(>95%)(Keller & Stallard, 1994; Casper et al.,
2000), H:CH HFjiiE & = (Keller & Stallard, 1994;
Mikkela et al., 1995), ki 5 [X 5 CH, HE 7
(Walter et al., 2006; Tokida et al., 2007), XA g G5
CH,HFTB0E & 5 il B2 BRI B2 (1 5k Fofa T 5%

Bilhn, 7E9H JEAI10 H ML #IP-hollow CH,HFBGE &
) 8% 5 18 9592.44.F1327.82 mg-m2-h ™, 7E 1k % &l i

www.plant-ecology.com

UL B L 7K A b CH, 1l 808 & ) & 4 559
mg-m~2-h™* (van Huissteden et al., 2005). 1t P&l i1
fR v e, B i U CH, HE SR B % 300 mg-m~?h
(Walter et al., 2006). S-hummock4: KZ=CH,HEjiGE
i il RS Tz hn, 7 7 R i (1R1L), K
Ze K AL IR FE T v (B 2) FI P T s N, HE B K 0
H, "TRe s VIREXCH A TIME . SIBR10H
P38 fa, S-hummock CH,HERHE & 5 +31%(10-30
om)ifi B 2 3 2 VR IE AR SR (3R 2), WS /R KK AR B
T+ BRE AL T @ HCH R
LawnA1S-hollow CH ,HEE & 75 B 8 2548
b, X B 5 A S X KA R FE (G 351 9-21.6
cmAl-21.1 cm)Z& A 172 CH4 B AT AL CH, 1R 1Y 58
445 < (Hirota et al., 2004; Sun et al., 2011). il %
i35 R CHAAUIE 1R (KRS, 2004; Lai,
2009), KALIREE FFEJE, CH ARG, CH HERE
=K, SR L S CH AR &, 7] BB M
T3 8] CH,HEBGE & B B 2454840 (Sun et al.,
2011). JKALIRFE N R 30N 2 L RIR L g n, g
AR CHa R A BiCH,, 27 T CH . EIX P
b A5k b 30 X000 3 TR] CH, HE AR 7 R U K
(7.2%-149.3%, &5 ZH>40%1H LLA] 5 75%) (1&11),
TR DU AR A4 Al 22 0 K AT BE S 15 CH IR 20
BB 2 AR 4k, X 5 MikkelaZ5(1995) ) 5T & i
()16 77 Ve 20 i kb 35 DX /N b 385 CH , HF T80 #2776 B it
HARR R B 5 R (H2, XA bR X 7E
H Rk 2 B A B e CH HE O & (B11), 3R
FE KL IR A V& 40 0 N 1 b CH g FIF T35 Wi ¢

N
32 BRESEERHMMIBEXCHIARBERNS
R

A /R 5 v Ji I b 5 P Akt 35 (X CH, 808 &K
/N R P-hollow > P-hummock > Lawn>
S-hollow > S-hummock, X5 HARHF 7¢ FIEHBAS [H]
TS X CHHE 08 SRR ) &, B KA 3R FE
()3 55 X CH, R 808 & %2 =i (Clymo et al., 1995;
Kutzbach et al., 2004; Glagolev et al., 2011; Wei et
al., 2015). VFZHFARIAFBIMAES RGN, ¥
Il Y A Hh AR I B [X 1) CH o FE T30 & 47 7 2 35 1 23
] 4% 1k, (Moore et al., 1994; Clymo et al., 1995;
Mikkela et al., 1995; Waddington & Roulet, 1996;
Glagolev & Shnyrev, 2008; Kalyuzhnyi et al., 2009;
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Glagolev et al., 2011; Munir & Strack, 2014). A5
THIES 8 b P S it 35 [X 2 18] CH, R T80 5 1)~ 35
{EARAE B I ) 22 e ME(GR3), A REUN131%.
PearsonAH 5 14 73 Bt 2% B SR i b 35 X CH, HE 80 &
()~ 548 55 7K A IR B2~ S A7 AE A 3 IR B 1 IE
FHIR K FR(FR2), R WIFEIIZIHIVE IR M 35 X CH,
HE T E A7 AE 2 (8] 22 7 () £ 4 R 1 R K ALIR B2, X
5 Ho At 4138 ) A6 77 T R B AL 45 SR (Moore et al.,
1994; Ding et al., 2003; Huttunen et al., 2003) — (.
FUHJEP . —J7 10 0] B A2 B (hummock) i 7K A7
FERAK, 77 CH4 18 A 5 1K CH, K 38 73 #% %4k (Moore
et al., 1994; Clymo et al., 1995; Lai, 2009; Wei et al.,
2015), i 7 CH ARG 55— J5 T, HHICH,
o8 & T T, TR TR s K ALIREE,
CHy B A 8 CHa AR FE T v, R 1 CHa HE TR
(Waddington & Roulet, 1996; Lai, 2009; Wei et al.,
2015), X 3K B 7K 7R FE A 72 18 Hh CH HE 5 s &
RIFEWMHELEREN . WRAFEX ISR, 7]
AE 2 I Al Bl Al XS CH, ISR - 1, P-hollow
CH HEBGE S B i, "B & S-hummock CH, B M HEL
IHEAY1084%, LawnA1S-hollow CH,HEHGHE & 1% Kk
Zfe/N, Wik1.6f5. Ktk W FRH A S RGN
TS5 X CHAHETBCRAE B B 2 X, AU,
Bk — Al I 5 kG By MR ) RE R A R R
GRS G, A B TR B 0 A R 5 e R
HICH AR -

sl ASTRAFE P EAF R RS AN HT A
(2012076) A= ¥ H kb A 52 5F R [ Ak b A7 B AR R
BT 3 K AL Ak 4 % £ 0 (CAFINT2014K06) 89 7 8 .
EREPEEBRAEAS FRCALA LobFo e RAE R
RE A RRY RE LRG3 AT LT K LA
W, AR Bt

SR
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