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Methane fluxes were measured using a static chamber technique on a
minerotrophic fen and an ombrotrophic peat bog site located on the Lak-
kasuo mire complex in central Finland. Both sites consisted of a virgin
area and an area drained in 1961 by ditching. The measurements in 1991
were made biweekly from spring thaw to winter freezing. During this
perlod the mean CH4 emission from the virgin minerotrophic site and
virgin ombrotrophic site was 98 mg m~ 2d=1 and 40 mg m— 24-1,

respectively. The mean emission of CH4 from the drained ombrotrophlc
site was 18 mg m~2d~1. The drained minerotrophic site consumed methane
during most of the measuring period, the average uptake was 0.13 mg
m—2d-1. Draining had lowered the average water table by 4 cm at the
ombrotrophic site and by 20 cm at minerotrophic site. The possible reasons
for the different development of the water table and methane fluxes at

ombrotrophic and minerotrophic sites after draining are discussed.
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INTRODUCTION

The concentration of methane in the atmosphere
is increasing by 1% yr— (Cicerone & Oremland
1988, Khalil et al. 1989). Wetlands of northern
hemisphere produce 6—16% of all methane pro-
duced in the world (Matthews & Fung 1987, An-
selman & Crutzen 1989). Increasing air and soil
temperatures favours methane emissions (Crill et
al. 1988, Khalil & Rasmussen 1989, Pulliam &
Meyer 1992). However, it has been suggested that
the climatic change will lower water tables in
northern latitudes (Roulet et al. 1992a), which
would be expected to affect methane fluxes
(Oremland & Culbertson 1992). We studied the
changes in methane fluxes after artificial draining
at two Finnish mires. The conditions in drainages

may reflect the future conditions with respect to
water table and vegetation development.

MATERIJAL AND METHODS

The two sites examined were located on the
Lakkasuo mire complex in Finland (61°47°N,
24°18°E). The sites differ in their nutrient status.
The first site is a minerotrophic sedge fen and
the second an ombrotrophic cottongrass pine bog.
The sites consist of both a virgin area and an
area drained for forestry by ditching in 1961. The
drained minerotrophic site was fertilized with
phosphorus (53 kg ha— Iy and potassium
(63 kg ha— ) in 1984. The ombrotrophic site has
never been treated with fertilizers. At the minero-
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trophic site, the ditching has resulted in a succes-
sion towards a very different system from the
original one. Typical fen species (Sphagnum fal-
lax, S. papillosum, Carex lasiocarpa, C. rostrata)
on the virgin area have been replaced by spruce
swamp and forest species (e.g. Polytrichum com-
mune). While on the virgin area there are only
a few and small scattered Scots pines, the stand
volume on the drained area was about 115 m3
ha—! (Pinus sylvestris, 99%, and Betula pendula
and B. pubescens, 1%). At the ombrotrophic site,
the effect of ditching has been only small. How-
ever, slight changes from typical lawn species
(Sphagnum angustifolium, Eriophorum vagina-
tum) has taken place towards hummock species
(Sphagnum fuscum, Pleurozium shreberi). No
effect of ditching can been seen in the growth
of trees; the tree stand (Pinus sylvestris) was
50 m3ha—! both in the virgin and drained area.
Depth of the peat layer was 1.5 m at the minero-
trophic site and 2.6 m at the ombrotrophic site
(Laine et al. 1986, 1992).

Gas fluxes were measured every second week
from spring thaw (April 24) to winter freeze (De-
cember 12) in 1991. A closed chamber method
was used for the flux measurements (Crill et al.
1988). The chamber covered an area of 0.36 m
and the volume of chamber was 60 L. Two cham-
ber collars were inserted into peat at all areas
in September 1990 and one additional collar in
October 1991. The study sites were equipped with
broadwalks to prevent disturbance of peat during
sample collection.

Gas samples for flux measurements were col-
lected using 50-ml polypropylene syringes
equipped with 3-way stopcocks. Four gas samples
were collected during the measuring period of
30 min. At the time of gas sampling chamber
temperature, temperature in peat profiles (0-
30 cm), and water table near the chambers were
measured. Gas concentrations in syringes were
analyzed within 24 hours of collection. The leak-
age of methane (about 2.5%) from the syringes
during the storage was taken into account when
calculating the fluxes. This diffusion correction
was made by a regression model constructed ex-
perimentally (results not shown).

In the laboratory, methane concentrations
were analyzed with a HP 5890 Series II gas
chromatograph with a flame ionization detector.
The column was Haysep-Q (80/100 mesh 4 m
by 3 mm) which was kept at 40°C. Helium was
used as a carrier gas at flow rate of 40 mL min—1,
Detector temperature was 200°C. Injection of gas
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samples was made by a 0.5 ml loop in a 10-
port valve. Compressed air, calibrated with 9.71
+ 0.29 ppm CH4 in nitrogen (AGA, Germany),
was used to calibrate the gas chromatograph. The
coefficient of variation for the methane standard
measurements was below 0.6%. Fluxes were de-
termined by calculating the linear increase or de-
crease in the methane concentration during the
measuring period of 30 minutes.

RESULTS

During the measurements, air temperature ranged
from —2.5°C to 24.7°C at the minerotrophic site
and from 0°C to 26.7°C at the ombrotrophic site.
The average water table at the virgin and drained
area of the minerotrophic site was 2.7 and 22.5 cm
below the peat surface, respectively. At the
ombrotrophic site the average water table at the
virgin area was 6.4 cm and 10.5 cm at the drained
site.

The rate of methane emission at the virgin
areas at the both mires was favored by high soil
temperatures (Fig la—d). The average flux at the
virgin area of the minerotrophic site in 1991 was
98 mg CH4 m—2d-! and 40 mg m—2d-1 at the
virgin area of the ombrotrophic site. There was
some CH4 emission at the drained area of the
minerotrophic site only when the soil temperature
was low and the water table was high. During
the summer this peat consumed CH4 (Fig. le).
The average uptake for the whole study period
was 0.13 mg CH4 m—2d=1. Also at the drained
area of the ombrotrophic site, the methane emis-
sions (average 18 mg m~2d—1) were lower than
those at virgin area (average 40 mg m—2d-1),
However, there was always some methane emis-
sion at the drained area (Fig. 1g).

DISCUSSION

The decrease in the water table after draining has
been higher at the minerotrophic site than at the
ombrotrophic site, although the depth of the
ditching has been the same at both sites. This
difference in the water table obviously explains
the differences in the methane fluxes at the drained
sites. There might be several reasons for the dif-
ferent development of water table at the drained
ombrotrophic and minerotrophic sites. Firstly, the
hydraulic conductivity for the drained Sphagnum
peat of the ombrotrophic site is lower than that
for the drained sedge and woody peat of the
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minerotrophic site (Pdivinen 1973). Secondly, the
drained minerotrophic site had higher tree stand
growth because of better nutrient status (Laine
& Vanha—Majamaa 1992). Therefore, the evapo-
transpiration from the drained minerotrophic site
could be higher than that from the drained ombro-
trophic site where the stand development was
poor. Thirdly, the peat of the drained minero-
trophic site had higher humification degree and
lower pore volume than those in the peat of the
drained ombrotrophic site. At a certain evapo-
transpiration level the water table could lower
more in the minerotrophic peat than in the ombro-
trophic peat.

Methane emissions from virgin minerotrophic
site (fen) range in previous measurements from
3 to 360 mg m~2d~! and emissions from ombro-
trophic sites (bogs) have been reported to be from
6 to 93 mg m—2d-! (Crill et al. 1991, Roulet
et al. 1992b). Also in the present work methane
emissions at the more fertile virgin site exceeded
that at the nutrient poor virgin site. A small addi-
tional decrease (average 4 cm, range from 1 to
9 cm) in water table because of the ditching re-
duced the methane emission at the ombrotrophic
site. However, there never was net methane uptake
at the drained ombrotrophic site as there was at
the drained minerotrophic site. The lower water
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table at the drained minerotrophic site could favor
methane oxidation which would be a reason for
the difference in methane fluxes between these
two sites. Lien et al. (1992) studied the methane
oxidation potential of peat samples taken from
the peat profiles of the present sites. They found
that the methane oxidation potential was higher
in the samples of the drained ombrotrophic site
than that in the samples of the minerotrophic site.
On the other hand, the aerated profile was much
deeper at the drained minerotrophic site than that
at the drained ombrotrophic site. The integrated
methane oxidation in the aerobic peat profile of
the drained minerotrophic site could thus be high
enough to oxidize all the methane diffused from
the anaerobic zone. However, when the soil
temperature was low in early spring and late
autumn methane oxidation in the upper profile
could not eliminate all the methane evolved from
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the lower anaerobic zone.

The climatic change may lower water tables
in northern peatlands (Roulet et al. 1992a). The
hydrological conditions at the drained mires may
have similar characteristics as found in the future
at virgin mires. The development of the water
table will greatly affect the methane emissions
from northern mires. The changes of the vegeta-
tion associated with nutrient status of mires may
further regulate the fluxes by influencing the water
table via evapotranspiration.

ACKNOWLEDGEMENTS

We thank Jukka Alm for botanical data and Tapani Sallan-
taus for useful suggestions about the manuscript. This work
was supported by the Academy of Finland, National Public
Health Institute and University of Joensuu.

REFERENCES

Anselmann, 1. & Crutzen, P.J. 1989: Global distribution
of natural freshwater wetland and rice paddies, their
net primary productivity, seasonality and possible
methane emissions. — J. Atmos. Chem. 8:307-358.

Cicerone, R.L. & Oremland, R.S 1988: Biogeochemical
aspects of atmospheric methane. — Global Biogeo-
chem. Cycles 2:299-327

Crill, P.M., Bartlett, K.B., Harriss, R.C., Gorham, E., Verry,
E.S., Sebacher, D.l., Madzar, L. & Sanner, W. 1988:
Methane flux from Minnesota peatlands. — Global Bio-
geochem. Cycles 2:371-384.

Crill. P.M., Harriss, R.C. & Bartlett, K.B. 1991: Methane
fluxes from terrestrial wetland environments. — In:
Rogers, J.E. & Whitman, W.B. (eds.), Microbial prod-
uction and consumption of greenhouse gases: Methane,
nitrogen oxides, and halomethanes: 91-109. American
Society for Microbiology. Washington, D.C.

Khalil, M.A.K., Rasmussen. R.A. & Sherer, M.J. 1989:
Trends of atmospheric methane during the 1960s and
1970s. — J. Geophys. Res. 94 (d15) 18:279-318, 288

Laine, J., Pdivinen, J., Schneider, H. & Vasander, H. 1986:
Site types at Lakkasuo mire complex. Field guide —
Publ. Dept. Peatland For.. Univ. Helsinki 8:1-35.

Laine, J. & Vanha-Majamaa, 1. 1992: Vegetation ecology
along a trophic gradient on drained pine mires in south-
ern Finland. — Ann. Bot. Fennici 29:213-233

Laine, J., Vasander, H. & Puhalainen, A. 1992: Effect of

forest drainage on the carbon balance of mire ecosys-
tems. — Proc. 9th Int. Peat Congress, Uppsala, Sweden,
June 22-26, 1992. Vol. 2: 170-181.

Lien, T., Martikainen, P., Nykinen, H. & Bakken, L. 1992:
Methane oxidation and methane fluxes in two drained
peat soils. — Suo 43:231-236.

Mathews, E. & Fung, I. 1987: Methane emission from
natural wetlands: global disribution, area, and environ-
mental characteristics of sources. — Global Biogeo-
chem. Cycles 1:61-86

Oremland, R.S. & Culbertson, C.W. 1992: Importance of
methane-oxidizing bacteria in the methane budget as
revealed by the use of a specific inhibitor. — Nature
356:421-423.

Piiviinen, J. 1973. Hydraulic conductivity and water reten-
tion in peat soils. — Acta For. Fennica 129:1-70.

Pulliam, W.M. & Meyer, J.L. 1992: Methane emissions
from floodplain of Ogeechee River: long term patterns
and effects of climate change. — Biogeochemistry
15:151-174.

Roulet, N., Ash, R. & Moore, T.R. 1992a: Low Boreal
Wetlands as a Source of Atmospheric Methane. — J.
Geophys. Res. 97, D4: 3739-3749

Roulet, N., Moore, T., Bubier, J. & Lafleur, P. 1992b:
Northern fens: methane flux and climatic change. —
Tellus 44B: 100-105.



