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1. INTRODUCTION 
 
Peatlands play an important role in carbon dynamics. By storing 1/3 of the carbon globally accumulated within the soils, 
northern peatlands represent  a large carbon  pool (Gorham, 1991). However, they also constitute a significant  methane 
source ; Moore and Dalva (1993) assessed that peatlands emit 110*109g CH4 d -1.  
 
Laforge region’s peatlands are characterized by an «aqualysis» phenomenon that consists in a rising water table which leads 
to disequilibrium of the aquatic compartments over the terrestrial surface. Considering that  many studies identify water 
table depth to be the main control on methane fluxes (Bubier and Moore, 1995 ; Bubier and Moore, 2005), the main 
objective of this research is to verify if the aqualysis process will influence the methane budget in the affected peatlands. 
 
Methane (CH4) fluxes were measured in terrestrial and aquatic compartments of a highly aqualysed poor fen in the 
northeastern part of the La Grande river watershed. The objectives of this study are (1) measure CH4 fluxes from spring to 
autumn over two years in order to determine inter-annual and intra-annual variability of the fluxes; (2)  identify the controls 
of methane fluxes  in terrestrial and aquatic compartments (3) develop a model to scale-up CH4 fluxes for the entire 
peatland. 

3. METHOD 
 
Seven campaigns of respectively 10 days 
each were realised over 2009 (4) and 
2010 (3) growing seasons. Fluxes were 
measured with static chambers covered 
with foil on two collars per microsite 
every 2 days. Level loggers (Odyssey 
Capacitance Water Level Logger) were 
installed to measure the water table 
fluctuations and (an) HOBO probes 
(TMC6-HD Air/Water/Soil Temp Sensor) 
were installed to measure the peat 
temperature are 4 depths (5, 10, 2, 40cm) 
for every terrestrial (7) and aquatic (2) 
microsites.  
 
Samples were analysed with a gas 
chromatograph (Shimadzu mini-2) to 
determine CH4 concentration. 291 
terrestrial fluxes and 92 aquatic fluxes 
were used for analysis.  

  mg CH4 m-2 d-1 Mean pool 
depth 
(cm) 

Mean pool 
temperature 

(center/surface) (°C) Microsites Mean Median Std. error N 
Shallow pool 192,9 148,1 21,9 25 39,8 13,5 
Deep pool 89,9 73,7 10,7 23 82,7 16,2 

   mg CH4 m-2 d-1 
Mean water table depth 

(cm) 

Mean peat 
temperature at 20cm 

depth (°C) Microsites Mean Median Std. error N 
Pool border  35,4 30,4 3,9 37 -1,2 11,9 
Forest border 18,9 15,3 2,6 33 -19,5 9,6 
Hummock 25,7 18,8 3,3 32 -24,6 11,7 
Wet depression 38,2 33,4 3,3 48 -4,5 13,9 
Cyperaceae string   14 11,7 1,4 45 -8,1 14,1 
Cyperaceae lawn  21,7 19,8 2,3 42 -6,7 13,2 
Sphagnum lawn 48,5 42,4 4,2 54 -5,8 11,8 
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4. RESULTS 
 
• Analysis of methane fluxes show an important intra-annual and inter-annual 
variability.  
 
• Greater fluxes were measured in July and August and lower fluxes at the 
beginning and the end of the growing season (Fig.3).  
 

•2009 presented greater fluxes than 2010 for almost all microsites (Fig.4 and 
5) and are related to warmer mean temperature in 2009. 
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• Fluxes varied also spatially and 
microforms play an important role in 
determining the fluxes. For both 
years, Sphagnum lawn showed greater 
fluxes while lower fluxes were 
measured in Cyperaceae string (Fig.4-
5, Table 1) 
 

• Sites with water table closest to peat 
surface were stronger emitters of CH4 
to the atmosphere (Table 1) 
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• Fluxes from aquatic compartments 
were much greater than fluxes from 
terrestrial sections with a mean flux  of 
142 mg CH4 m-2 d-1 (2009) compared 
to 30 mg CH4 m-2d-1 (2010).  
 

• Results showed that greater fluxes 
were measured in shallow pools, for 
both years (figure 6-7, table 2) and that  
mean fluxes were greater in 2009 
(table 2) 

1-5 : June       2-6 : July   
3 -7: August  4 : October 
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5. DISCUSSION 
 
• While we observed that the microsites with water table closer from peat 
surface are stronger CH4 emitters,  results show that water  table variation 
does not explain the CH4 fluxes variations in the terrestrial sites (Fig.8). These 
results concord with other studies conducted in sites at the end of the 
humidity gradient such as the aqualysed peatlands (Bellisario, Bubier et al. 
1999; Treat, Bubier et al. 2007). This can also be explained by the few 
variations of the water table depth in Abeille peatland. (Fig.2b) 
 
• Many studies found a strong  positive correlation between Cyperaceae 
biomass and methane fluxes (Bellisario, Bubier et al. 1999; Joabsson and 
Christensen 2001). It was not possible to observe this connection in Abeille 
peatland as our results show an inverse correlation (fig 9). Some studies 
attributed this phenomenon to the transport of oxygen  to the rhizosphere 
through the aerenchymous tissue of Cyperaceae.  Knowing that methanogen 
bacteria are strickly anaerobics, this should inhibit methanogenesis 
(Waddington, Roulet et al. 1996; Joabsson, Christensen et al. 1999). 
 

•  Our results show that the main control on methane fluxes at Abeille 
peatland  is peat temperature (Fig. 10). This is consistent with others studies 
that  found higher  methane fluxes with warmer peat (Christensen, Ekberg et 
al. 2003; Treat, Bubier et al. 2007). 
 
• In the the aquatic sites, a strong positive correlation was found between CH4 
and CO2 concentration (Fig.11). This is attributed to the fact that 
methanogenesis is the product of organic matter decomposition. The 
availability of labile OM will increase methane production. This, combined 
with warmer water temperature, explains that shallow pools show higher 
fluxes that deep  pool.. 
 

6. CONCLUSION 
 
Knowing that microsites play a major  role in determining methane fluxes, 
one model per microsite will be used to scale-up fluxes to the entire peatland. 
A stepwise regression lead to choose temperature at 20cm  and  40 cm depth 
as independent variables for this model (Table 3). For the aquatic microsites, 
CO2 concentration, combined with pool temperature at  the bottom of the 
center part of the pool  will be kept in the final model explaining 58% of 
fluxes variation. 
 
To conclude, it is possible to state that the recent aqualysis phenomena will 
influence the methane budget of Abeille peatland on the long term. If 
variations of the water table do not control the fluxes at the growing season 
level, we demonstrated that aqualysis has a differential impact depending on 
the microform. As the ongoing aqualysis processes seem to increase the 
proportion of the peatland surface covered by pools, it is anticipated that they 
can generate strong methane emissions combined with rising temperatures 
and precipitations projected by the climate scenarios (Plummer, 2006) 
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Microsites R 2  :  T°20cm + T°40cm 

Pool border 0,85 

Wet depression 0,83 

Sphagnum lawn 0,91 

Cyperaceae lawn 0,95 

Cyperaceae string 0,81 

Forest border 0,81 

Hummock 0,5 

Fig. 3  

Fig. 4  Fig. 5  

Fig. 6  
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Fig. 7  

 Fig. 3- 7 : Boxes represent 25th and 75th percentile and the bars, the 10th and 90th percentile. The 
green bars in the boxes represent microsite mean while black bar represent the year mean. Points 
represent extreme values.  

Fig. 8  

Fig. 9  

Fig. 10  

Fig. 11  
Table 1. 

Table 2. 

Table 3 

p > 0,1928    
r2 0,14  

p > 0,4975  
r2  0,10 

p > 0,0001  
r2 0,32 

p > 0,0001 
r2 0,5 

2. STUDY SITE 

The study site is a highly “aqualysed”  poor fen located in the northeastern 
section of the La Grande river watershed, near the Laforge-1 (54, 06.8ºN, 
72, 30.0ºW). The Abeille peatland was chosen mainly because of its 
aqualysis level visible in the alternation of long, deep, parallel pools 
separated by peat strings. Dominant vegetation is Cyperaceae and 
Sphagnum and water compartment represent a 30% of the peatland. 
Finally, for terrestrial measurements, 7 microsites (identified with white 
dots on the satelite image) were chosen because of their representativeness 
of vegetation assemblages and and water table depths. For aquatic 
measurements, 2 pools with different depths were selected (identified with 
red dots on the satelite image) . 

Microsite Dominant 
vegetation N 

Mean water 
table depth 

(cm) 

Mean peat 
temperature 

at 20cm depth 
(°C) 

Pool border  

Sphagnum 
cuspidatum, 
Menyanthes 
trifoliata 

42 -1,2 11,9 

Forest border 

Ericaceaous 
shrubs, 
spahgnum 
fuscum 

34 -19,5 9,6 

Hummock 

Ericaceaous 
shrubs, 
spahgnum 
fuscum 

31 -24,6 11,7 

Wet depression 

Sphagnum 
cuspidatum, 
Menyanthes 
trifoliata 

49 -4,5 13,9 

Cyperaceae string   Cyperaceae 43 -8,1 14,1 

Cyperaceae lawn  Cyperaceae 42 -6,68 13,1829 

Sphagnum lawn 
Cyperaceae, 
Sphagnum 
cuspidatum 

52 -5,833 11,7781 
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Fig. 1a, 1b mean temperature dans precipitations 
between june and august 2009 and 2010  

Figure 2a, 2b variations of peat temperature and water 
table depth in Spagnum lawn 
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