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Abstract. A static, dark chamber technique was used weekly from mid-July to mid-
November in 1995 and biweekly from mid-May to late November in 1996, to measure
methane (CH,) flux and soil and plant community resFiration of CO, from 36 sites in two
wetlands in Kejimkujik National Park in south-central Nova Scotia, Canada. Overall mean
fluxes of CH, were 43 mg m™? d"' in 1995 and 20 mg m? d' in 1996. Respiration rates were
5.1gCO, m*d"in 1995 and 3.2 g CO, m?*d"' in 1996. Fluxes of CH, and CO, were
related to microtopography and ecological grouping, depth to water table, and air and peat
temperatures. Edge and hummock sites showed the lowest CH, flux and the highest
respiration rate, while pools showed the highest CH, and lowest respiration rate. Gas
emissions displayed a strong seasonal pattern with highest values occurring during the
summer (June to August) and with a marked reduction in late fall. Depth to water table and
air temperature explained 34 to 43% of the variance in CH, flux and respiration from the
sites over the 2 years (n = 666 to 824). We developed algorithms relating the daily mean
flux of CH, and respiration from the wetlands to an aspatial soil moisture, water table, and
temperature model (ForHyM?2) applied to the wetland basins. We then applied this model
to calculated May to October fluxes of CH, and CO, from 1966 to 1998. We estimated that
CH, fluxes ranged from 2.8 to 7.4 g m?, with a mean of 3.7 g m? and a standard deviation

of 1.2 g m™ over the 1966-1998 period. Respiration estimates ranged from 0.60 to 1.16 kg

CO,m

, with a mean of 0.74 kg CO, m? and a standard deviation of 0.11 kg CO, m™.

Application of a 2xCO, General Circulation Model scenario to temperature and
precipitation for this part of eastern Canada resulted in increases of growing season CH,
emissions from 4.7 to 11.4 g m? and respiration from 0.77 to 1.32 kg CO,m?>.

1. Introduction

Wetlands occupy 1.3 x 10° km? of the Canadian landmass
and play an important role in the global carbon cycle as a
source of methane (CH,) and a sink of carbon dioxide (CO,)
[Funget al., 1991; Gorham, 1991]. In general, there is a large
degree of spatial, temporal interseasonal and intraseasonal
variability in the flux of these gases between wetlands and the
atmosphere. These fluxes are also sensitive to temperature and
precipitation and should therefore change with changing
climate [Cao et al., 1998; Moore et al., 1998].

CH, emission rates from northern peatlands can vary from
0to over 50 gm™?yr'. The primary controls on these rates are
water table position, thermal regime, substrate, and vegetation
cover [e.g., Bubier and Moore, 1994]. Rates of CH, emission
have been established in many regions of Canada, often with
an overall similarity between rates in relation to depth of water
table [see Moore et al., 1998]. Thus far however, no rates have

Copyright 2001 by the American Geophysical Union.

Paper number 2000JD900500.
0148-0227/01/2000JD900500$09.00

been reported from the wet northeastern re%ion of North
America, where peatlands cover almost 7 x 10° km? .

Large year-to-year variations in CH, emissions have been
measured from wetlands [e.g., Alm et al., 1999; Waddington
and Roulet, 1996]. For example, Roulet et al. [1992] estab-
lished relationships between CH, emissions, peat temperature
and depth to water table, and used predicted changes in
precipitation and temperature from a 2xCO, General
Circulation Model (GCM) scenario for Canada to calculate
expected changes in CH, emissions for northern peatlands.
Cao et al. [1998] estimated changes in CH, emissions from
wetlands in relation to climate change at the global scale.

Less attention has been paid to CO, respiration rates from
northern peatland soils and plant communities, which gener-
ally range from 0.2 to 2 kg CO, m? yr'! [e.g. Raich and Potter,
1995; Silvola et al., 1996]. In principle, the same environmen-
tal controls affect both respiration and CH, emission rates,
namely, peat temperature, peat type, and vegetation cover, and
depth to water table, [e.g., Moore and Dalva, 1993; Silvola et
al., 1996].

We st&died CH, flux and soil and plant community respira-
tion from soils in two wetlands in the Pine Marten Brook
watershed, in Kejimkujik National Park, located in southwest-
ern Nova Scotia, Canada. We related these emissions to local
microtopography and plant communities, variations in depth
to water table, and air and peat thermal regimes in order to
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Figure 1. Location of study area.

derive an understanding of the main controlling factors of gas
fluxes in these wet, temperate peatlands. We also linked
wetland fluxes to aregional, climate-driven, aspatial forest soil
temperature and moisture model to produce a model linking
climate variables to gas fluxes over the whole wetland. We
applied climate data from the past 33 years (1966-1998) to this
model to predict the interannual variation in gas emissions.
We then used temperature and precipitation inputs predicted
by the Canadian Climate Centre GCMII 2xCO, model for the
specific climate change conditions of Nova Scotia [Boer et al.,
1992] and applied these to the climatic record from 1992 to
1998. Using these data in the gas emission model allowed us
to assess potential CH, and soil and plant community respira-
tion fluxes from the wetlands under a new climate regime.

2. Study Site

Kejimkujik National Park is located approximately 60 km
from both the Atlantic Ocean and the Bay of Fundy in eastern
Canada (Figure 1). Mean annual precipitation (1967-1993) is
1403 mm, of which approximately 57% occurs from Novem-
ber to May (Table 1). Annual average temperature is 6.3°C,
while the May to November average is 12.2°C.

Two wetlands in the Park's Pine Marten Brook watershed
were selected for this work. The upper wetland, 1.4 ha in size
drains into the lower which is 2.1 ha [Allen et al., 1992]. Most
plant communities in the wetlands were dominated by Sphag-
num spp. which accounted for approximately 50% of total
ground cover. Major species were Sphagnum centrale, S.

Table 1. Monthly Mean Precipitation and Air Temperatures
for Kejimkujik National Park, Nova Scotia; from May to
November 1995 and 1996, along with the 26 Year Average

Precipitation, mm Temperature, "C

1995 1996 26 1995 1996 26
yr yr
av av

May 67 131 98 9.6 9.4 10.8
June 79 84 90 16.7 15.9 15.6
July 71 161 102 20.1 18.2 18.4
August 47 38 94 18.1 18.6 17.6
September 53 309 97 13.9 14.3 12.8
October 119 103 116 11.1 9.9 7.6
November 187 80 154 32 24 2.4
May- 623 906 751 13.2 12.7 12.2
November

imbricatum, S. fallax, S. flexuosum, S. magellanicum, and S.
torreyanum. The remainder of the groundcover comprised of
Calamogrostis canadensis, Dulichium arndinaceum and
Juncus etzﬁﬁ:sus. The overstory consisted of alder (4/nus spp.),
balsam fir (4bies balsamea), and white spruce (Picea glauca).
Sampling sites were not selected to provide an estimate of
average conditions but to take into account the various types
of wetland plant communities found. These also usually
reflected differences in average depth to water table. Peat
depths in the upper bog were >1 m, while those in the lower
one were between 30 and 100 cm. Both bogs have a few
isolated hummocks or mounds along the edges.

3. Materials and Methods

Thirty six sampling sites with permanently installed 25 cm
diameter collars were established along eight transects
containing variations in microtopography and h{drological
conditions. Most replicate sampling sites were placed along
stream bank and pool areas as these generally showed the
highest and most variable gas fluxes, particularly for CH,. A
system of boardwalks was constructed in the second year of
the study to all sampling sites to allow access without disturb-
ing the peat surface. Fluxes were measured by determining
changes in headspace concentration of the gases within an 18
L polycarbonate chamber placed on the collar. The chamber
was covered with aluminum foil to minimize heating. CO,
emission rates therefore reflected total heterotrophic and
autotrophic emissions from soil and plants.

Midmorning CO, and CH, measurements were made weekly
from mid-July to mid-November 1995 and biweekly from
early May to mid-November 1996. Chamber gas samples
were collected every 5 min. for a period of 20 min. in 1995,
and six samples over 25 min. in 1996. Air samples were
transferred to evacuated, 10 mL aluminum-seal head space
vials and shipped to McGill University forimmediate CO, and
CH, analyses.

Water table depth relative to the peat surface was measured
in 3.8 cm diameter PVC tubes located within 1 m of the
collars. Peat temperature was determined in 1996 by installing
four temperature probes containing thermistors at 5, 10, 15,
20, and 50 cm depths. Resistance readings were converted to
temperature from calibrations supplied by the manufacturer
and verified in the lab. Two probes were installed in each bog,
with one in a dry or edge area and the other in a pool or bank
area. In data analyses, temperatures obtained from the probes
in the dry areas were used for hummock and edge collars and
those in the wet areas for stream banks or pools.

CO, and CH, concentrations were determined using a
Shimadzu Mini-2 flame ionization detector and a Shimadzu






