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Abstract. Boreal peatlands are significant natural sources ofing temperature in future climate patterns, increasing active
methane and especially vulnerable to abrupt climate changdayer depth and shifting plant functional groups in this region
However, the controlling factors of GHemission in boreal may have a significant effect on Glémission.
peatlands are still unclear. In this study, we investigated CH
fluxes and abiotic factors (temperature, water table depth, ac-
tive layer depth, and dissolved GHoncentrations in pore
water) during the growing seasons in 2010 and 2011 in bothL  Introduction
shrub-sphagnum- and sedge-dominated plant communities in
the continuous permafrost zone of Northeast China. The obMethane (CH), as one of the most important greenhouse
jective of our study was to examine the effects of vegeta-gases, is 25 times more effective in absorbing heat in the
tion types and abiotic factors on GHluxes from a boreal —atmosphere than carbon dioxide (§Cn a 100-yr time
peatland. In arEriophorumdominated community, mean horizon (IPCC, 2007). The atmospheric £&bundance in-
CH, emissions were 1.02 and 0.80mgfin—1 in 2010 and  creased from 715 ppb in pre-industrial age to 1774 ppb in
2011, respectively. CHfluxes (0.38mgm2h~1) released  2005. Increases in atmospheric £ebncentrations (148 %)
from the shrub-mosses-dominated community were lowerare greater than the other two greenhouse gases 86@b
than that fromEriophorumdominated community. More- and NO 18 %) over the same time period. In order to reduce
over, in theEriophorumdominated community, CiHfluxes ~ uncertainties in future projections of Earth’s climate change,
showed a significant temporal pattern with a peak value inthe current global Ckibudget should be better known. Den-
late August in both 2010 and 2011. However, no distinct seaiman et al. (2007) estimated that more than 580 Tg yof
sonal variation was observed in the £Rux in the shrub- CH4 are emitted to the atmosphere, with 33 % originating
mosses-dominated community. Interestingly, in bBtfo- from natural ecosystem sources. However, the contribution
phorum and shrub-sphagnum-dominated communities; CH of different CH; sources and sinks is still highly uncertain
fluxes did not show close correlation with air or soil tempera- due to the sparseness of in situ observations.
ture and water table depth, whereas&hissions correlated Among all the natural ecosystem @Hsources, natural
well to active layer depth and GHtoncentration in soil pore  wetlands are regarded as the single largest methane source,
water, especially in th&riophorumdominated community. accounting for 20 % of the global GHudget (Fung et al.,
Our results suggest that Glseleased from the thawed GH  1987). While covering nearly 3% of Earth’s land surface,
rich permafrost layer may be a key factor controlling ZH northern peatlands store a carbon pool of 455 Pg (Gorham,
emissions in boreal peatlands, and highlight tha @tixes ~ 1991), approximately accounting for one-third of the global
vary with vegetation type in boreal peatlands. With increas-soil carbon (Rydin and Jeglum, 2006), and could potentially
release carbon in the form of GHo the atmosphere. The
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magnitude of CH emission from peatland ecosystems is get. The goal of this study was to provide a first dataset of
a comprehensive result of several processes including CHCH, fluxes from a permafrost peatland in Northeast China,
production and oxidation in the peat profile and abiogenicand to investigate the factors controlling the seasonaj CH
mechanisms such as gas bubbles, diffusion, and gas transpditixes from a permafrost peatland.

through vascular plant aerenchyma (Whalen, 2005).

Previous studies demonstrated that wetland methane emis- )

sions depend on a large amount of abiotic and biotic fac-2 Materials and methods
tors, among the most important of which are temperaturez_1 Study site and experiment installation

water table depth, vegetation type, substrate quality and sup-

ply (Bellisario et al., 1999; Whalen, 2005). Temperature the measurement was conducted in a minerotrophic peat-
controls methanogenesis and £ldxidation by affecting anq jocated in the north of Great Hing’an Mountains, North-
methanogenic and methanotrophic bacteria. The wide ranggast china (52.94N, 122.86 E). The study site is situated
of Qyo (reaction rate Increase for a 10 tem.per.ature N> in the continuous permafrost zone. The climate of this area
crease) for methanogenesis and methane oxidation suggestgdcqo| continental, with a 30-yr (1980-2009) mean annual
a highly significant effect of temperature on €idroduc-  (emperature of-3.9°C and mean annual precipitation of
tion and oxidation rates (Whalen, 2005). Substrate availabil-455 mm 203 mm of which falls in rainy season (July and
ity and supply originating from wetland plant litter and/or August). The coldest monthly mean temperature28.7°C

root exudates determine Gigroduction and oxidation. Oth- ;. January, and the warmest is 18@in July. The surface
erwise, species composition Qf plants can affec @hhis- _of the peatland site is a mosaic of microforms, which are
sions and substrate availability for methanog_ens. Previougiided into hummock, tussock and hollow. Plants usually
evidence showed that the vascular plants sudriaphorum grow from early May to late September and the dominant

species (Stm et al., 2011) an€Carexspecies (Ding et al.,  gyergreen shrubs ahamaedaphne calyculandLedum
2005) have a very strong effecton geimissioninthe north- 5 stre Deciduous shrubs contaivaccinium vitis-idaea

ern wetlands, by supply of available substrate and/or gas,q Betula fruticosa Hummocks were covered byphag-

transportation of aerenchyma. In addition, peatland soll 2€hummosses$. capillifolium S. magellanicui Polytrichum

obic (anaerobic) conditions resulting from a drop (increase).ommuneand previously mentioned shrubs. Tussocks sup-

of the water table can influence Gldxidation (production) port sedgesHriophorum vaginatuinas the dominant vas-

and then affect Cdifluxes (Whalen, 2005). cular plant species, as well as sparse shrvasdinium vitis-
Boreal regions are of close concern since they are expecte@aea, Ledum palustjeA scatter of bryophytesplytrichum

to undergo large changes in temperature and precipitatiorjhnipermum were present in hollows. The soil type in our

(Turetsky et al., 2007). Large amounts of labile soil organicstudy site is classified as peat soil.

matter that is currently preserved by permafrost will be vul- A ‘set of twelve plots for gas sampling were selected, and

nerable to climate change and could result in changing CH gight of them were chosen so as to be representative of the

emissions through changing peatland hydrology and theryominant vegetation in the three microforms and to cap-

mal conditions. For example, permafrost degradation causeg,e the variability for each of these situations. The intervals

by warming will lower the water table following increased among these plots ranged from 5 to 20 m. Four plots were es-
drainage in the discontinuous permafrost zone (Riordan ef,p|ished on the tussock and hollow places where the domi-
al., 2006) and increase thermokarst lake areas in the Coryant plant species wa&iophorum vaginatuniEriophorum
tinuous permafrost zone (Smith et al., 2005). In addition, yominated plots: EPs), and four plots on hummocks where
boreal peatland soil moisture varied in different permafrost,arf shrubs and mosses were the dominant species (shrub—

zones owing to increasing difference between potential SUMp, osses-dominated plots: SPs). In order to determine the in-

mer evapotranspiration and precipitation that has been req ance of peatland vascular vegetatidriéphorum vagi-
ported (Klein et al., 2005). Under ongoing climate changes,, a1, on methane emission, four other plots were estab-
jche uncertaint!es of_ Clfluxes from boreal peatlands have |ished on the bare peat where the above-ground parts of dom-
mcrgased, which might confuse the knowledge of the effect§, 5 nt vascular plant&fiophorum vaginatunnwere carefully

of climate change on the boreal peatland carbon cycle. cut and removed before each measurement (bare-peat plots:

Many studies on peatland Gremissions have been con- pgpq) |n order to make a comparison among these types, flux
ducted in Siberia (Nilsson et al., 2001; Bohn et al., 2007)observations were conducted on the same date.

and subarctic or arctic regions (Zona et al., 2009; Jackowicz-

Korczynski et al., 2010). However, to our knowledge, there 2 2 Biomass determination and chemical analysis of

is no study reporting Ciiemissions from boreal peatland soils

in the continuous permafrost zone in China. Understanding

CHz emission from peatland in the continuous permafrostAbove-ground biomass (ABG) was measured by clip-
zone can make us better understands@hission patterns ping three 1x 1 m quadrats for a shrub-mosses-dominated
and increase the accuracy of estimating a peatlanglistid- community and three 0.5 0.5 m quadrats for Briophorum
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dominated community in mid-August and sorting materials 4890D, Agilent Co., Santa Clara, CA, USA). The gas chro-
by species. We also collected mosses by clipping at the basmatograph was equipped with a flame ionization detector
of the capitulum following Moore et al. (2002). Plant tissues (FID) for CHs analysis. The air bags with known standard
were oven-dried to a constant mass af@5nd then were concentration of Cilwere delivered with the collected sam-
weighted. ples to the laboratory to evaluate the leakage of trace gases
To determine pH, total carbon and nitrogen contents of soilduring transport and analysis. No significant changes in the
from two varied-vegetation-dominated communities, threeconcentration of the standards were found during one week
soil cores were collected from a depth of 0—20 cm on eaclhof transfer. The fluxes were calculated as the change in cham-
community. Soil pH was determined by a glass electrode inber concentration over time. The fluxes were rejected unless
a 1: 5 soil: 10mM CaC} solutions of fresh samples accord- they yielded a linear regression with coefficigtft > 0.8 for
ing to ISO 10390 standard. The soil samples used for carCHy. More details of the flux calculation can be found in
bon and nitrogen analysis were dried at room temperaturé&ong et al. (2009).
and then milled and sieved using a 2 mm screen. Soil organic
carbon and total nitrogen concentrations were analyzed by-4 Dissolved methane concentration

the Multi N/C 2100 Analyzer (containing an HT 1300 Solid . )
Module, Analytik Jena AG, Germany) and the Kjeldahl di- S_0|I pore water was sampleq at several depths to determine
gestion method using a Behr analyzer (Germany), r(_}Sp(__,cc_jlssolved _Clzl concentratlo_n if there was enough_ pore water
tively. for extracting. A set of stainless-steel tubes varied in length
were installed before measuring at 10 cm intervals from peat-
land surface to 40cm below the surface. Immediately af-

ter gas flux measurements, pore water samples (20 ml) were

Gas fluxes were measured by the closed chamber and g&4@wn from tubes using a syringe and then injected into evac-
chromatography techniques (Wang and Wang, 2003: Soné‘ated vials (60 ml). Prior to determining Gloncentration

et al., 2009). The closed chamber was made by stainles® POre water, vials were shaken for a few minutes to extract
steel and consisted of two parts: a square base collar (lengt/liSsolved CH. Subsequently, 40ml of the headspace was

50 cm, width: 50 cm and height: 20 cm) and a top chamberS@mpled by a syringe and stored in a Tefilair sample bag.
(length: 50 cm, width: 50 cm and height: 50 or 70 cm) 0penedCH4 concentration was analyzed as described above. The

YOS € )
at the bottom. The collar was inserted directly into the peatMethods for calculating dissolved pore waterkmol I77)

layer to a depth of 15cm, and kept in the soil during the N@ve been described by Ding et al. (2003).
entire observation period. The top chamber was put on the2 5 Abiotic variables
collar during gas sampling, and immediately removed after

gas samples were collected. Two fans were fixed on the in, temperature, soil temperature, depth of active layer and

side symmetrical corners of each chamber to keep the aif.ongwater level were measured at the same time as gas
mixed in the chamber closure during sampling. The cham-sampiing. Air temperature inside the chambers was mea-

bers were wrapped with Styrofoam to prevent an increase iny ;.o with a thermometer inserted into the chambers, and
headspace air temperature due to heating when sampling. We,;, temperature was measured 0, 5, 10, 15 and 20cm be-
built boardwalks to minimize disturbance on the plant and g the peat surface next to the chambers using a portable
soil microenvironments around collars after the collars Weredigital thermometer (JM 624, Jinming Instrument CO., Ltd,

installed. Tianjin, China). Active layer depth was simultaneously mea-

Gas sampling started in June 2010 and continued untilreq by a steel rod. Groundwater level was monitored by
September 2011 at weekly interval during the two growing gigging a small well adjacent to the collar over the frost-free

seasons. Gas samples were only collected in the morningeas4n. paily precipitation data were manually recorded near
(09:00-11:00a.m.) because the flux during this period is aly,o sampling site.

most equal to the daily mean flux (Tang et al., 2006). During

the flux measurements, headspace samples (50 ml each) wepes  Data analysis

drawn from the chamber every 10 min (including zero time)

over half an hour period after enclosure using 60 ml syringesCorrelation analysis (Spearman’s rank correlation test) was

and stored in TedI&r air sample bags (100 ml, Delin Ltd, used for identifying the relationships between LHlxes

Liaoning, China), which had been pre-evacuated to close tand environmental factors (i.e. temperature, water table

0 Pa. A total of four samples were taken during a flux mea-depth, active layer depth and soil pore water,Giéncen-

surement. tration). In all analyses wherg < 0.05, the factor tested
The collected gas samples were delivered to Sanjiang Exand the relationships were considered statistically significant.

perimental Station of Wetland Ecology, Chinese AcademyThe one-way analysis of variance (ANOVA) was conducted

of Sciences, and analyzed within a week. Gas concentrationt® test the differences in soil chemical characters for both

were measured by a modified gas chromatograph (Agilentommunities. All the statistical analyses were conducted

2.3 Gas flux determination
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Table 1. Above-ground biomass and the main chemical characteristics of the soils (0—20 cm depth) from the shrub—moss-dominated com-
munity andEriophorumdominated community. Values represent the mean and the standard deviati@).(

Above-ground biomags(g DW m—2)

Community SOC (gkgl) TN (gkg™) pH

Shrubs Sedges Mosses Total

Shrub—-mosses-dominated 424.85.1 15.748.2 342.7455.4 782.5£97.7 4244405 17.2+2.1 5.0+£0.4
Eriophorumédominated 104.%0.8 79.2+-25.3 119.5:£28.7 302.8:30.1 403. 4 20.6 19.1+15 4.7+0.1

* Above-ground biomass was measured in mid-August when plants reached their maximum biomass.

by Software packages SPSS 13.0 (SPSS Inc., Chicago, IL, 2

USA) and figures were prepared by Origin 8.0 (Origin Lab A
Corporation, USA) for Windows XP. S
E L N
3 Results and discussion § 61 W% %
'_
3.1 Environment variables, biomass, soil chemical 200 ' ' ' ' '
characteristics, CH; concentration in pore water _ 250 { [/ 30-year mean N B
s V742010
and CH4 fluxes £ 200 =< 2011
S 150
During the sampling period, monthly mean air temperature g ,, |
(MMAT) varied from 5.3°C (September 2011) to 2028 § 5. T7
(July 2011; Fig. 1a). There was no marked discrepancy be- & 0 !_177/@ Fl?/@ . : %
tween the MMAT and the 30-yr mean value in the two mea- May Jun Jul Aug Sep

surement years. However, we observed extreme daily tem- Date (month)
peratures in the last few days of June, and the maximum
daily temperature reached 39@ on 27 June 2010. Accu- Fig. 1. Climatic characteristics of the study site during the growing
mulative precipitations from May to September were 325.9Season in 2010 and 2011 onthe bac_kground ofthe I_ong-tern_1 r_10rma|
and 493.7 mm in 2010 and 2011, which were 11 % lower andc_)enod (1980-2009) recorded by China Meteorological Admlr_ustra-
34.8 % greater than the 30-yr mean value during the same pet'-on'.(A) Monthly average temperatur() monthly accumulative
riod, respectively (Fig. 1b). A heavy rain occurred on 23 Au- precipitation.
gust 2011 and the accumulative rainfall was 129.1 mm (data
not shown). The seasonality of ground temperature and soll
temperature were consistent with the seasonal patterns afecreasing air and soil temperatures. This might be on ac-
air temperature during the sampling period in 2011. The in-count of heat in deep soil transferring slower than that in
chamber soil temperatures observed in different vegetatiompper soil layers and the atmosphere. The maximum active
plots showed that soil temperatures at the SP site were a littayer depth reached 72.4cm and 80.7 cm by the end of the
tle higher than that at the EP site (Fig. 2). The presence obbservation period in 2010 and 2011, respectively.
Sphagnurrat the SP site preserved soil heat diffusion. The The above-ground biomass of shrubs, sedges and mosses
water table depth throughout the measurement period rangefiiom both communities in the peatland is given in Ta-
from —10.7 to—24 cm (minus value means below the sur- ble 1. The total ABG from the SP site was two times
face) at the SP site and froml0.5 to—36 cm at the EP site  higher than that from the EP site, whereas the ABG of
(Fig. 3). The water table depth was consistently higher at thesedges was much lower at the SP site. There was no sig-
SP site than at the EP site during the two growing seasonsificant difference in soil chemical characteristics between
(Fig. 3), and the average difference in water table betweernhe SP and EP siteg (= 0.260 for SOC and 0.236 for TN;
the two sites was 4 cm. A similar seasonal variation of wa-Table 1). Soil organic carbon content was a little higher
ter table depth at the SP and EP sites was observed, and tta¢ the SP site (424F#40.5gkg?!) than at the EP site
lowest value occurred in late June or early July due to highe(403.7+20.6 g kg'1). The inverse pattern was observed in
temperature and less precipitation. the total nitrogen content. pH was slightly lower at the EP
At the beginning of the measurement, peatland surface soiite compared to the SP site.
was frozen. The active layer depth continuously increased The details and seasonal fluctuations in pore water concen-
with air and soil temperatures at the initial stage. In the latetration of CH; measured in the peatland soil profile can be
sampling period, the active layer depth still increased withseen in Fig. 4. Pore water Gloncentration at 20 cm below

Biogeosciences, 9, 4458464 2012 www.biogeosciences.net/9/4455/2012/



Y. Miao et al.: Growing season methane emission from a boreal peatland 4459

35
354

2] [ SP A: Tair B: TO

-O-EP 304

254
254

20
201

15+
15+

10
10

54

ép M'ay Jl'm .]l'.ll Aijg Sép

—~
O
N—r 5
qd Apr May Jun Jul Aug S Oct  Apr Oct
2 25 20
[
> C:T5 D: T10
2 20 : :
e 151
&
154
10
10
54
54
0 T T T 0 T T T
Jun Jul Aug Sep Oct  Jun Jul Aug Sep Oct

Date (month)

Fig. 2. Temperatures recorded by digital thermometer at SP (shrub—mosses plot) aaddpRdrumplot) sites during sampling in 2011.
(A) Air temperature inside the chambéB) peat surface temperaturi) soil temperature at 5cm depttD)) soil temperature at 10cm
depth.

Period | Period Il
. 0 |l Shrub-moss
g —@— Eriophorum
< -104
@
o
S 204
ko
S 30
e -40 T
£ et
2 751 ﬁ/ﬁﬁ‘»—fﬁﬁf—ﬁﬁ{’ﬁ’—’* 1 e e
< 604 Ho— 1 }/ﬁ/ﬁ/
& s . ﬁf
© 45 K Pl
g w T /
g 30 1 #
g
2 15 ] e
51 #
< o .
~ A +
=
¥ 34
£ §/ .
g /1T,
x 14 - /; / \*\
= P !/§§ % i/§><=/ \§§ %*
- 04 J sef=aj o 0 0e-®
Jun Jul Aug Sep Apr  May Jun Jul Aug Sep Oct
2010 2011

Date (month)

Fig. 3. The seasonal variation of net GHuxes and environmental variables (water table and active layer depth) observed at the study site
during the growing seasons of 2010 and 2011.
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Figure 3 shows that the seasonal variations of; GlkHx
exist for both sites. A similar seasonal trend of £LHixes
in disparate observation years was found at the SP and EP
sites. However, the variation in GHemissions at the SP
site is lower than that at the EP site. Except for the vascu-
lar plants regulating methane emissions, methane oxidation
in in situ conditions may play a more important role in hum-
mocks than in tussocks. GHemissions gradually increased
with the development of growing season and peaked in late
August in both years. Unlike other previous studies that re-
ported no seasonal variation of gHuxes from peatlands,
we found a distinct temporal variation in methane emissions
where CH fluxes peaked in late summer when the active
May o Jul Alg sep out layer reached the gas-contained layer, and which was con-

Date (month) sistent with peak pore water GHoncentration. Our results

were consistent with Moore and Knowles (1990), who found

Fig. 4. Seasonal variation of dissolved pore water{#dncentra-  CH, fluxes peaked in the later growing season from a sub-
tions at different soil depths was determined for the study site duringyctic fen in Quebec.

sampling in 2011.

300

250 4

200

150

100 4

CH, concentration (umol I”)

50

3.2 Controls on CH;, flux

the peatland surface showed no seasonal variation and t
mean CH concentration in pore water was 14.37 pmdl|
However, a significant seasonal variation of fatbncentra-
tion in 30 and 40 cm below peat surface was observed, CH o . :
concentrations at 30 and 48 cm depths increased followin hat controlled peatland Qlﬂem|35|ons. The relationships
the development of the growing season. Correlation analy- etween CH fluxes and enwronmer_ltal factors such as t_em-
sis showed that average gldoncentration between 20cm perature, water ta_ble depth and active _Iayer depth inan md_g-
and 40cm was related to soil temperature at 40cm dept endent observation year were examined. The site-specific

(= 0573, 005, Figure 4 alo shows that pore wate - fUres dd ot shw any et with so of ar_
CHg concentrations increased with depth. At the depth from P pn, 9 P

20 cm to 40 cm, the concentration of glihcreased sharply cc_mjunct_ effect of variables on GHiux. It was con&_stent
. . with Christensen et al. (1995), who found no correlations be-
by 2o 10 times magnitude. tween environmental factors and ¢ldmission in Siberian
Generally, the peatland emitted o the atmosphere

g he o groving seasons, alfough Cabsorpion 1 LIS S e ) GOV i ot coneatons
might occur occasionally. At the SP site, gfluxes were in P

the ranae 0f-0.02 to 0.51 mam2h-1. with a mean value soil temperature in an arctic wetland. In the present study, the
of 0 Zlgng 12 H‘l in tﬁe mgasuring, period from June to controls on seasonal variation of gHux were distinct at
September in 2010. In 2011, GHluxes ranged from 0.02 diffe_rent stages of p_Iant growth. In the early growing season
to 1.35 mg nr2 -1 during the entire growing season at the (Period 1), when moisture was adequate to support methano-
Sp .site and the mean seasonal flux was 0.56 gt genesis, temperature played a critical role in peatland CH
CHy fluxes measured from the EP site were significantlyemISSIcm (Table 2). However, there was a lag time between

higher than that from the SP site, which ranged fret01 rising temperatures and GHiux in the early season be-
to 2.28 mg 2 h~ with a mean ﬂl'JX of 1.02mg m?h~L in cause microbial communities and vegetation required time

2010 and—0.08 to 3.51mgm2h~1 with a mean flux of to become established. The following mechanisms might in-

0.80mgnT2h-L in 2011. In the present study, GHIuxes terpret temperature-dependenceQldxes during the early

obtained through static chambers during the growing Seagrowing season. Firstly, temperature was an important con-

sons —0.08-3.51mgm2h-1) are greatly higher than trol on methanogenesis. The widely reportegy values for

that from Alaskan upland tundra (Bartlett et al., 1992), and n\;\%g?gr?gzegoe; ISsran%Z?eg(:rrratlt:aon?5elrna?0r:aezclaﬁ§'Tk'itndo?(t)glz
they are similar in range to those from boreal raised bog( ' ) sugg peratu vty

(Pelletier et al., 2007) and subarctic/arctic fen (Christensenunderlyim}].micrObi"JII processes involved in the production of
1993). The CH emissions are much lower than those from CH, was high under appropriate substrate and moisture con-

the BOREAS peatlands (Bubier et al., 1995) and Xiaox_dltlons. The Iac'k.ofCIzll production capacity under low Fem—
. ; perature magnified the effect of temperature ony@his-
ing’an Mountain peatlands (Sun et al., 2011). . .
sion. Secondly, temperature controlled plant growth, which
could provide not only substrate for methanogenesis but also

r\grevious studies have shown that temperature (Bellisario et
al., 1999; Pelletier et al., 2007; Sun et al., 2011) and wa-
ter table depth (Moore et al., 2011) were primary factors

Biogeosciences, 9, 4458464 2012 www.biogeosciences.net/9/4455/2012/
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Table 2. Correlation coefficients between mean £ftuxes and abiotic factors during the sampling period of 2011.

Temperaturd (°C) Water table depth (cm) Active layer depth (cm)  Pore water GH
concentration
(umol 71
Period | Period Il  Entire| Period | Period Il  Entire | Entire Entire
Mean CHj flux 0.72F¥  —-40.491 0.033] —0.539 0.842* —-0.192 0.865* 0.759*
(mgm2h~1
Pore water Clp 0.139 0.607 0.51% 1
concentration (umoti1)

* Correlation is significant at 0.05 levels; correlation is significant at 0.01 levels. Period | and Il were arbitrarily defined at before and after 8 July 2011.
2 Average temperature between 5 and 10 cm below peatland surface.

an efficient pathway for methane to liberate from peat to theln our study, we found a positive correlation between thaw
atmosphere (Joabsson et al., 1999). In addition, as temperaepth and the gas fluxes of GHiTable 2), which was con-
ture increased, thaw depth of permafrost gradually increasedsistent with the above mentioned studies. However, Wille et
which can create appropriate soil circumstances such as satat. (2008) reported that Cfflux did not correlate with the
ration status and re-release of substrate previously preservatiaw depth in arctic tundra. The reasons they drew were that
in the frozen layer for methanogens and methanogenesithe majority of CH originated from the upper soil layers,
(Yavitt et al., 2006). Therefore, the magnitude of Odépen-  and the contribution of deep soil layers to methane emissions
dent on soil temperature was the important limiting factor for was small due to the temperature gradient in the thawed ac-
the CH; emission rate in the early growing season. The weaktive layers and temperature dependence of microbial activity.
statistical relationship between methane emission and temHowever, recent studies reported that layers nearest the top of
perature at the peatland site during the growing season prolthe permafrost (50-100 cm) in Alaska and Siberia contained
ably reflected the high spatial variability in emission rates athigher CH, concentrations, which suggest that the majority
the plots, fluctuations in water table position, and seasonabf CH, will release from the eroding permafrost (Michaelson
changes in vegetation cover. et al., 2011). Song et al. (2012) observed highy@dncen-

In general, water table position acted as a creation of aertration in the refrozen active layer and upper permafrost layer
obic and anaerobic conditions in the peat soil profile, whichin our study region, which could partly explain high ¢H
determined peatland GHemissions. Studies have revealed flux in the late growing season when the active layer reached
that CH; fluxes increased from soils under elevated watertens of centimeters. The high Gldontent in the permafrost
tables, or high soil moisture contents (Moore and Knowles,might be originated from modern methanogenesis by cold-
1989). In this study, soil moisture was large due to low evap-adapted methanogenic archaea in permafrost soil (Wagner et
otranspiration in the early growing season, but,Gkixes  al., 2007) and release of trapped £idrmed in the unfrozen
were very low. A possible reason was that Optoduction  active layer during previous winter. It is also possible that
in anaerobic conditions was constrained by low soil temper-CHy production took place in the freshly thawed permafrost
ature and limited substrate supply, and part of4@kight be  due to the recovery of the bacteria from the upper permafrost
consumed in the aerobic layer during the process of trans¢Coolen et al., 2011). In our study, we observed decreasing
mission to the atmosphere. As the growing season develope@Hjy flux with increasing thaw depth during the late growing
(Period 1), the positive correlation between g£Emission  season. This can be explained by decreasing air and surface
and water table depth was shown (Table 2). This suggests th&bil temperatures constraining gHroduction and little root
the effects of water table depth on methane emission will besurvival in deeper soil layers, which limits Gitansport and
enhanced under appropriate temperature conditions. It wasmission.
consistent with other studies that found similar relationships, The magnitude of Chiconcentration in soil pore water in-
conducted in boreal peatlands (Roulet et al., 1993). A highercreasing with depth indicated that gidroduction was high
water table depth caused by summer precipitation and perin the deep saturated soil layer. The seasonal variation in CH
mafrost thaw might result in a larger anoxic gproduction  emission was significantly correlated with mean soil pore
zone and stimulate emissions. water CH; (Table 2). It implied that the magnitude of soil

This study was performed in the mountain peatland lo-pore water Cl controlled CH emission rates in the peat-
cated in the southern margin of the Eurasian permafrost zontand. Our results are in agreement with Nouchi and Mariko
where the active layer depth has been increasing in recentl993), who reported that CHemission rate was propor-
decades (Jin et al., 2000). Some previous studies have showional to pore water Clklconcentration. Soil pore water con-
that CH; flux correlated well with active layer depth in peat- taining high CH concentrations was in correspondence with
lands underlain by permafrost (van Huissteden et al., 2005)the EP site CH flux rates recorded in late growing season.
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positions of vegetation in peatland can explain the spatial

12+ Elra'gfgﬁzum variation of CH, fluxes.
1.0 1
— 4 Conclusions
< 08
"E Seasonal methane fluxes were measured from a boreal peat-
g 0.6 land ecosystem in a continuous permafrost zone for two con-
X secutive years. Seasonal average,Qldxes ranged from
o 041 0.21 to 1.02mgm?h~1, with an apparent seasonal vari-
) ation. Our results showed that environmental factors such
0.2 - as temperature and water table level were not responsible
for regulating temporal variations of methane emissiongs CH
0.0- emission rates during the growing season were strongly con-

trolled by plant, active layer depth and ¢ldoncentrations
Date (Year) in soil pore water. It implies that permafrost peatland under
warming conditions can create a positive feedback to climate
change due to increased gEmission through altering plant
composition and increasing active layer depth.

As CH,4 emission from ecosystems depended on the bal-
ance of CH production and oxidation, the determination of
tpe seasonal potential Giroductions and oxidations in soil
Efayers might provide some evidence for explanation of the
seasonal and spatial variations of £Huxes from boreal
peatland ecosystems. In addition, future studies should fo-
cus on exploring the origination of plenty of GHh lower
permafrost layers and soil pore water at tens of centimeters
" depth in peatland, which might promote our understanding
Gof methane emission from peatlands in permafrost zones.

Fig. 5. Seasonal mean CGHlux from the EP and BP sites for both
years.

This suggests that plants at the EP site are more effective
transporting CH.

We found that CH emission from the EP site was sig-
nificantly higher than that from the SP site (Fig. 3). This
can be partly explained by the presence of sedgem
phorum vaginatumbetween the two sites. At the EP site
the dominant plant wakriophorum vaginatunclassified as
a vascular plant, while the SP site was dominantly covere
by Sphagnunspecies, dwarf shrubs, and spaEs®mphorum
vaginatum We observed that the above-ground biomass ofacknowledgementsThis work was funded by National Natural
Eriophorum vaginatunfrom the SP site was much lower science Foundation of China (No. 41125001, No. 40930527,
than that from the EP site (Table 1). The vascular plants ofNo. 41001051), Strategic Priority Research Program — Climate
peatland could play an important role in gas exchange bechange: Carbon Budget and Related Issue of the Chinese Academy
tween the land and the atmosphere (Joabsson et al., 1999)f Sciences (No. XDA05050508, No. XDA05020502), National
In addition, CH; transport througlEriophorumwas the ma-  Basic Research Program (973) of China (No. 2009CB421103),
jor pathway for CH fluxes (Frenzel and Rudolph, 1998). and the Key Project of CAS (No. KZCX2-YW-JC301). We
We also found that methane fluxes would decrease 77 9ghank two reviewers for their thoughtful comments, which helped
and 73% from the EP site in 2010 and 2011 after cutting'” 'MProving the manuscript. Authors thank Guisheng Yang,
the above-ground part dEriophorum vaginatun(Fig. 5). Yanyu Song, _Xlaoxm Sun and Jlaoyue Wang for enthusiastic

. . laboratory assistance. We also would like to thank Yue Sun for her
However, vascular p!ants might aqt as con.dwj[ for transfer-,o.k at the field site.
ring oxygen to the rhizosphere, which both inhibits archaeal
CHg production and enhances methanotrophy. Yet, Frenzekdited by: X. Wang
and Rudolph (1998) found that oxidation of ¢Mas neg-
ligible during its passage through angustifoliumIn addi-
tion, root exudates and fine root litter Bfiophorumcould
stimulate CH production. Stdm et al. (2011) reported that
Eriophorumsecreted more organic acids than other highly
bio-available organic matters that could be easily utilized by
methanogens in arctic wetland. Mosses contributed less sig-
nificantly to active gas transport since they did not develop
real root systems in peat (Sheppard et al., 2007). Otherwise,
CHg oxidation was reported from mosses originating from
high-latitude wetlands, which decreasedf&thissions from
anoxic conditions (Larmola et al., 2010). So, different com-
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