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Summary. Nitrogen mineralization, nitrification, deni-
trification, and microbial biomass were evaluated in four
representative ecosystems in east-central Minnesota. The
study ecosystems included: old field, swamp forest, sa-
vanna, and upland pin oak forest. Due to a high regional
water table and permeable soils, the upland and wetland
ecosystems were separated by relatively short distances
(2 to 5 m). Two randomly selected sites within each
ecosystem were sampled for an entire growing season.
Soil samples were collected at 5-week intervals to deter-
mine rates of N cycling processes and changes in micro-
bial biomass. Mean daily N mineralization rates during
five-week in situ soil incubations were significantly dif-
ferent among sampling dates and ecosystems. The high-
est annual rates were measured in the upland pin oak
ecosystem (8.6 g N m~? yr~!), and the lowest rates in the
swamp forest (1.5 g N m~2 yr~!); nitrification followed
an identical pattern. Denitrification was relatively high
in the swamp forest during early spring (8040 pg
N,O-N m~2 d~!) and late autumn (2525 pg N,O-N
m~2 d~'); nitrification occurred at rates sufficient to
sustain these losses. In the well-drained uplands, rates of
denitrification were generally lower and equivalent to
rates of atmospheric N inputs. Microbial C and N were
consistently higher in the swamp forest than in the other
ecosystems; both were positively correlated with average
daily rates of N mineralization. In the subtle landscape
of east-central Minnesota, rates of N cycling can differ

by an order of magnitude across relatively short dis-
tances.
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Landscapes consist of numerous ecosystems differing in
plant species composition and in the fundamental
processes that regulate nitrogen (N) availability and loss
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(Vitousek et al. 1982; Nadelhoffer et al. 1983; Pastor et
al. 1984; Schimel et al. 1985; Davidson and Swank 1987).
While differing in many respects, some terrestrial ecosys-
tems are linked to one another through the transfer of
energy and nutrients. For example, ecosystems in up-
slope positions typically contribute water, nutrients, and
organic matter to those downslope. Determining the
origin of this material in lower slope positions is often
difficult because both carbon (C) and N can be either
fixed in situ or transported from upslope positions
(Schimel et al. 1985). Differences in N cycling along
topographic gradients can also arise through the in-
fluence of temperature; moisture, and substrate availabil-
ity on microbial activity (Schimel et al. 1985; Davidson
and Swank 1987; Burke 1989; Groffiman and Tiedje
1989).

Swamp and riparian forests occur in topographic
positions where material can enter through both hor-
izontal (down-slope transport) and vertical (atmospher-
ic) vectors. Most early and mid-successional wetland
forests are thought to function as nutrient sinks within
the landscape (Engler and Patrick 1974; Kitchens et al.
1975; Verry and Timmons 1982; Lowrance et al. 1984a;
1984b). In some watersheds, uplands under agricultural
management can yield relatively large quantities of NO3
that eventually enter riparian forests through subsurface
flow (Jackson et al. 1973; Lowrance et al. 1984a; Peter-
john and Correll 1984). Because plant uptake and deni-
trification are important processes within-these ecosys-
tems, subsequent losses of NOj3 to streamflow are often.
small (Lowrance 1984a). In the Lake States region,
forests on poorly-drained soils exhibit relatively high,
rates of denitrification compared to those on well-
drained upslope sites (Groffman and Tiedje 1989).

In the subtle topography of east-central Minnesota
(USA), the regional water table lies at a shallow depth
below the soil surface and provides a physical link be-
tween upland and wetland ecosystems. Relatively small
differences in elevation, and hence in depth to the water
table, give rise to marked changes in plant species com-
position and edaphic conditions; these changes often
occur across distances of only a few meters. The spatial
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