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Biogeochemical processes in peatland environments, such as carbon sequestration and
decomposition, are affected by variation in water supply. Across the boreal forest biome,
climate change threatens to either alter rates of annual precipitation or skew the timing and
ratio of rainfall and snowfall events. To simulate moisture variability during the ice-free
season, cylindrical mesocosms (diameter 1.5 m) were installed in a southern boreal pat-
terned fen in central Saskatchewan, Canada, to enable manipulations of antecedent snow
conditions. The objectives of the study were to assess the utility of in situ mesocosms for
peatland ecohydrology research and to test for effects of snow manipulations on fen plant
communities. After spring thaw, initial water depths were greatest and dates of surface
water disappearance were latest in the snow addition mesocosms, followed by the control
and snow removal mesocosms. In contrast, maximum frost levels and frost disappearance
dates in the snow addition mesocosms were intermediate to those of the control and snow
removal mesocosms. Densification of snow during snow manipulation events is suggested
to account for this confounding outcome. Of the nine plant taxa identified in the harvests
of aboveground biomass from all mesocosms, buckbean (Menyanthes trifoliata) biomass
was most strongly related to variation in surface water conditions. Climate conditions that
favour persistence of either herbaceous- or graminoid-dominated communities will likely
affect the carbon storage function of southern boreal fens.

Introduction to precipitation regimes and watershed hydrol-

ogy (Vitousek 1994, Tilman 1998). The carbon
For many ecosystems, general increases in mean  dynamics of boreal peatlands are tightly cou-
annual temperatures due to climate warming are  pled to variation in water supply (Bubier 1995,
of secondary importance compared with changes =~ Weltzin et al. 2003) and seasonal frost depth
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and duration (Woo and Winter 1993). For mil-
lennia, peatlands have functioned as reservoirs
of sequestered carbon derived from atmospheric
carbon dioxide (Gorham 1991). With the advent
of climate warming, this ecosystem function is
threatened (Carroll and Crill 1997, Price et al.
1999).

Peatlands that occur within transition zones
between major ecoregions are forecast to be
particularly vulnerable to climate warming
(Gignac et al. 1998). The southern boreal forest
(or “boreal fringe”) of western Canada exists
between the boreal forest and prairie aspen park-
land ecoregions, where the southern extent of
the forest-grassland boundary is determined by
chronic moisture deficits (Hogg 1997). Among
the most common peatland forms that occur
within this zone are fens and bogs. The hydro-
logic dynamics of fens, in particular, are strongly
affected by surface and groundwater flow. Pat-
terned (also know as “ribbed”) fens are charac-
terized by a mosaic of distinct wet peaty depres-
sions (“flarks”) and drier ridges (“strings”) that
are perpendicular to the direction of water flow
(Zoltai et al. 1988). Interactions between water
supply and peat density affect specific water
levels within fens yielding a distribution of flarks
that ranges from areas where the water table is
subsurface (water level < peat surface) to surface
pools (water level > peat surface).

Temporal variation in peat hydrology occurs
seasonally and annually (Quinton and Roulet
1998). In the southern boreal forest, within
years, net water levels tend to drop during ice-
free months following initial springtime recharge
from snowmelt. Among years, the roughly dec-
adal wet-dry cycle (or “oscillating water-level
fluctuations”) encompassing successive years of
abundant rainfall and prolonged drought accounts
for longer-term patterns of variation in water
levels (van der Valk 2005). Superimposed on
these more cyclical sources of temporal variation
is the directional influence of climate warming.
For the southern boreal forest, climate warming
is forecast to reduce annual rates of precipitation
and alter the phenology of fall frosts and spring
snow melts (Moore et al. 1998), which may, in
turn, affect the annual CO2 balance of peatlands
(Aurela et al. 2004). Such overlapping temporal
dynamics make recognition of the impacts of
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climate change on peatland ecosystems under
natural conditions challenging.

Characterization of peatland vegetation
under manipulated hydrologic conditions repre-
sents one option for forecasting ecosystem-level
responses to climate variability. Plant commu-
nity structure is strongly affected by peat hydrol-
ogy (Camill 1999), as some groups of plants
are adapted to short-term hydrologic variation
and others are adapted to prolonged periods of
relative wetness or dryness (Weltzin et al. 2003).
Herbaceous wetland plants, for example, may
be useful integrators of short-term hydrologic
variation as they can exhibit growth rates within
a season that vary according to the presence and
duration of standing waters in peatlands. Simi-
larly, along hydrologic gradients, biomass dis-
tributions among plant species may be useful to
forecast changes to community structure under
various climate change scenarios (Thormann et
al. 1998).

Practical field methods are needed to test spe-
cific hypotheses of the consequences of climate
warming on the ecohydrology of these systems.
Traditionally, peatlands have either been studied
under ambient conditions (i.e. field observations
and measurements) or under laboratory condi-
tions using extracted peat monoliths. In situ
mesocosms (or enclosures) have long been used
to manipulate environmental factors in aquatic
environments under semi-natural conditions (e.g.
Frost et al. 1988). However, it is unknown if
similar techniques are suitable for semi-aquatic
environments such as bogs and fens. The objec-
tives of this study were to: (1) assess the utility
of mesocosms in fen environments to manipulate
hydrologic variation, and (2) quantify the effects
of altered water and frost levels on plant com-
munities.

In this field study, mesocosms were used to
isolate peat monoliths to estimate the effects of
variation in antecedent snow pack conditions
during the winter on peat hydrology during the
spring and summer. Properties of snow cover are
related to the thermal and hydrologic regimes
of peatland soils (Granberg et al. 1999). The
physical and temporal aspects of peat hydrology
that were investigated in this study as a func-
tion of snow pack included above peat surface
water depths and subsurface depths to frost, and
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Fig. 1. Map of the three Prairie Provinces in Canada
and an aerial photograph of the fen. Shading on the
map corresponds to defined terrestrial ecozones: Prai-
ries (very light grey), Boreal Plains (light grey), and
Boreal Shield (medium grey). The circle on the aerial
photograph indicates the location of the mesocosms.

disappearance dates of surface waters and sub-
surface frosts. Further, aboveground vegetation
from each mesocosm was harvested at the end
of the summer to estimate the effects of the snow
manipulations on plant community structure. The
general applicability of using field mesocosms in
peatland ecosystems for simulating scenarios of
climate warming is also discussed.

Study site

The fen used in this study was located in the
White Gull Creek watershed of the boreal fringe
approximately 40 km north of Smeaton, Sas-
katchewan, Canada (53°46°N, 104°36"W), just
north of the prairie parkland ecozone, and it
is typical of the transitional mid-boreal region
(Zoltai et al. 1988). The fen is approximately
4000 m (N-S) by 450 m (E-W), with a 0.1%
gradient that slopes from north to south (Fig.
1). This peatland was originally used as one of
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the BOREAS (Boreal Ecosystem—Atmosphere
Study) sites (SSA — Southern Study Area) and
is currently a member site of BERMS (Boreal
Ecosystem Research and Monitoring Sites) and
Fluxnet Canada. The dominant upland forest
species surrounding the fen include black spruce
(Picea mariana) and tamarack (Larix laricina).
Mean summer and winter temperatures are 14 °C
and —13.5 °C, respectively. Mean annual pre-
cipitation is approximately 500 mm, as is mean
annual evapotranspiration (Nijssen and Letten-
maier 2002). Peat depths within the fen range
from < 1 m at the edges to ~3 m near the centre
(Rask et al. 2002).

The proportion of the fen covered by surface
waters varies over time, corresponding to cli-
matic oscillations that yield a roughly decadal
wet-dry cycle (Diaz 1986). In May 1994, much
of the fen was covered by shallow water (Rask et
al. 2002). By March 2001, only the western edge
of the fen had pools or small ponds. Groundwa-
ter is a major source of water to the fen, supple-
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mented by snowmelt and periodic rains. Surface
flow in recent years has been restricted to the
spring, when frost inhibits infiltration of snow-
melt waters. However, prior to frost break, the
peat is typically saturated to the surface. Water
samples from surface pools during 2002 and
2003 had pH from 7.3 to 8.0, alkalinity from 34
to 81 ug 1" and dissolved organic carbon from
14.8 to 28.1 mg I"!. Towards the end of the grow-
ing season during each of 2002 and 2003, the
water table dropped to depths greater than 30 cm
below the surface of the peat (Hogan 2006).

Materials and methods

Eighteen cylindrical mesocosms were installed
across six flarks in mid-October 2002, before
any autumn freezing of peat occurred (Fig. 2).
The mesocosms were made of 3.175 mm sheets
of white low-density polyethylene. Mesocosms
were 1.524 m in diameter by 0.914 m in height,
and were bottomless. At each flark, three meso-
cosms were pounded into the peat until they
were approximately two-thirds buried (~70 cm
below the peat surface).

The three mesocosms were assigned to one
of three treatment levels (snow addition, snow
removal, or control). In addition, reference loca-
tions were established in open fen areas outside
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Fig. 2. Photo of a single
flark with snow addition,
control and snow removal
mesocosms. A snow
removal mesocosm is
shown in the foreground.

of the mesocosms as a check on how well the
control mesocosms mimicked natural conditions.
After the mesocosms were installed, boardwalks
were laid to facilitate easy access to the meso-
cosms and to reduce disturbance to the surround-
ing flark areas. Four posts were driven into the
peat immediately outside each of the mesocosms
to serve as supports for orange snow fencing
which was used to contain added snow that
exceeded the height of the mesocosms above the
peat surface (i.e. >20-30 cm).

Snow manipulations were conducted based
on data from bimonthly snow surveys (Meteoro-
logical Service of Canada) and snowfall accu-
mulation as measured by a Belfort gauge. On
average, snow was manipulated once every two
to three weeks, from late December 2002 until
early March 2003. Using plastic shovels, snow
was either added to or removed from two of the
three mesocosms at each flark on each occasion.
Initial surveys in mid-December indicated that
snow depth across the fen was approximately
20 cm. On snow manipulation occasions, Snow
depth was reduced by 15-20 cm total depth for
the snow removal mesocosms and increased by
approximately 10 cm at the snow addition meso-
cosms. No snow manipulations occurred at the
control mesocosms or the open fen areas.

Following spring thaw, the study area was
surveyed once every seven to ten days, starting
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on 2 May 2003, for a maximum of 18 surveys.
Water and frost levels were recorded relative to
the peat surface in the mesocosms and the open
fen areas using a graduated metal probe. Three
measurements were taken from the central por-
tion of each mesocosm (i.e., > 20 cm from the
edge). Water levels were measured from the
surface of the water to the peat surface and they
were recorded until water levels dropped below
the peat surface. Frost levels were measured
from the peat surface to the depth at which the
frost probe ceased penetration in the peat and
they were recorded until the frost probe pen-
etrated the peat without resistance.

At the end of August, all aboveground veg-
etation from each of the mesocosms was har-
vested. Snips were used to cut plants as close to
the surface of the peat as possible. Plant material
was stored in a cooler and transported to labora-
tory facilities in Saskatoon where samples were
processed within two days. Plants were sorted
into taxonomic groups and initial wet weights
were recorded. The plants were then dried at
80 °C for 72 h, so that dry weights could be
recorded and water content calculated.

Analysis of variance (ANOVA) was used to
estimate the influence of antecedent snow condi-
tions on peat hydrology. There were two sets of
dependent variables that described variation in
water and frost levels: initial water depth and
final frost level, and date of disappearance of
surface water or frost. Dunnett’s test (one-tailed)
was used to compare water and frost levels in
snow addition and snow removal mesocosms to
control mesocosms. ANOVA was also used to
test for differences in total aboveground vegeta-
tion biomass and by major taxonomic groups as a
function of snow manipulation treatment levels.
Tukey’s Honest Significant Difference (HSD)
test were used to test for differences between
treatment levels. All statistical analyses were
performed using SAS, version 8 (SAS Institute
Inc., Cary, North Carolina).

Results

By the end of the period of snow manipulations,
total snow depth increased steadily until it was
approximately 40 cm at the control mesocosms.
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Fig. 3. Results of snow manipulations applied to the
mesocosms from late December 2002 until early March
2003. Snow addition values are sums of the base snow
encountered and the amount of snow added on each
snow manipulation occasion. Error bars are standard
deviations. Snow removal values are prior to clearing,
or the depth of snow that fell between each manipula-
tion occasion. Each data point is an average over all six
mesocosms.

The combination of natural snow accretion and
snow addition manipulations yielded almost 80
cm total snow depth in the snow addition meso-
cosms (Fig. 3). These snow manipulations sig-
nificantly altered snow depths across treatment
levels by the end of the snow manipulation
period (ANOVA: F2,15= 182.7, P <0.0001).

Two months after the snow manipulations
ceased, all of the snow addition and control
mesocosms and open fen areas had standing
water (Fig. 4). Only half of the snow removal
mesocosms (three of six flarks) had standing
water. Frost was encountered, between depths
of 15 and 25 cm below the peat surface, in all
mesocosms and open fen areas. Between 11 July
and 23 July, surface waters disappeared from all
of the mesocosms and open fen areas (Table 1).
During the same time, frost disappeared from the
snow addition and control mesocosms, but it did
not disappear from the last of the snow removal
mesocosms until the last week of August. Frost
disappeared most rapidly from the open fen
areas, where all frost was absent by the first
week of July.

Initial water depths were greatest in the snow
addition mesocosms (mean = 22.7 cm) and least
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Fig. 4. Time series plots of water levels and frost depths for all mesocosms and open fen areas within each of the
six flarks.

in the snow removal mesocosms (mean = 5.0 as great as those in snow removal mesocosms

cm); control mesocosms and open fen areas
had intermediate depths (Fig. 5). On the dates
when frost disappeared, frost levels were great-
est in the snow removal mesocosms and least
in the open fen areas. Frost levels in snow addi-
tion mesocosms (mean = 63.0 cm) were almost

(mean = 67.2 cm) and control mesocosms (mean
= 52.9) had frost levels only slightly greater than
those in open fen areas (mean = 50.8 cm).

Frost levels differed significantly among
mesocosm treatment levels both by date and by
depth (Table 2). Water levels also significantly

Table 1. Summary statistics for water and frost measurements by date and by depth. “Earliest date”, “Mean date”
and “Latest date” for treatment levels associated with Water and Frost headings refer to the dates when surface
water and frost, respectively, disappeared from the mesocosms and open fen areas. The Water heading “Mean
depth” refers to the initial depth of water in the mesocosms or open fen areas; these depths were all recorded on 2
May 2003. The Frost heading “Mean depth” refers to the maximum depth at which frost was detected in the meso-
cosms or open fen areas; these depths varied by date.

Disappearance dates Mean depth (cm)

Earliest date Mean date Latest date
Water
Snow addition 11 June 8 July 11 July 22.7
Control 15 May 23 June 11 July 11.6
Snow removal 1 May 29 May 11 July 5.0
Open fen 22 June 6 July 7 July 16.6
Frost
Snow addition 4 July 17 July 23 July 63.0
Control 3 June 27 June 23 July 52.9
Snow removal 23 June 4 August 24 August 67.2
Open fen 7 June 17 June 25 June 50.8
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differed among mesocosm treatment levels by
depth. Significance was not obtained for dif-
ferences in water levels by date among meso-
cosm treatment levels, though the pattern was
similar. No differences in water and frost levels
were obtained for specific comparisons between
mesocosm controls and open fen areas by date or
by depth.

A total of nine taxonomic groups of plants
were identified across all mesocosms (Table 3).
One of the groups, graminoids, included at least
four species of sedges and grasses common to
the region (Johnson et al. 1995). Across the taxo-
nomic groups, only buckbean and graminoids
occurred in all three mesocosms in every flark.
Together, these two groups comprised greater
than 95% of both the total wet and dry weight
biomasses of all plants combined. For total wet
biomass, buckbean and graminoids accounted
for 57% and 41%, respectively, and for total dry
biomass, buckbean and graminoids accounted
for 41% and 56%, respectively.

Table 2. One-way ANOVAs for the effects of mesocosm
treatment levels (snow addition, control, snow removal)
and comparisons between control mesocosms and
open fen areas on water and frost dates of disappear-
ance, and initial water depths (2 May 2003) and final
frost depths. For the mesocosm treatment compari-
sons, n =6 and d.f. = 2,15. For the control mesocosm
and open fen comparisons, n =6 and d.f. = 1,10. Dun-
nett’s tests refer to significant differences (* = P < 0.05)
between snow addition or snow removal mesocosms
and snow control mesocosms. n.s. = not significant.

ANOVAs Dunnett’s test
F P Snow Snow
addition removal

Mesocosm treatment levels
Water
Date 3.13 0.073 n.s. n.s.
Depth  11.24 0.001 Deeper®  Shallower*
Frost
Date 11.35 0.001 Later” Later*
Depth  15.24 < 0.001 Deeper*  Deeper*
Open fen and control comparisons
Water
Date 1.51 0.248
Depth 2.01 0.187
Frost
Date 1.99 0.189
Depth 0.33 0.581

1 Sep. 2003 1

1 Aug. 2003

Mean date

1 June 2003 1

1 May 2003

1 Sep. 2003

1 Aug. 2003 -

Mean date

1 June 20083 -

1 May 2003

30

Mean water depth (cm)

80 A

Mean water depth (cm)

Fig. 5. Comparisons of mean disappearance dates (a,
b) and depths (¢, d) for water and frost depths among
mesocosms. Error bars are standard deviations. a:
Mean disappearance dates of standing water. b: Mean
disappearance dates of frost. ¢: Mean initial water

1 July 2003 A
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Addition Control Removal Open fen
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Fig. 6. Wet and dry biomass of aboveground vegetation harvested from snow manipulation mesocosms. Error bars
are standard deviations and asterisks indicate treatment levels that are significantly different (Tukey HSD tests). a:
All plants combined. b: Buckbean. ¢: Graminoids. In panel a, the right-hand axis is for water content only.

months. They also found that the period of
frost was decreased by approximately one month
when winter precipitation was doubled. The net
effect was an earlier onset of thaw in the spring

and frost that was shallower and thinner. Similar
results were obtained for simulation models of
ground thermal regime near Barrow, Alaska,
based on the timing and duration of seasonal

Table 4. One-way ANOVA for all plants combined, buckbean and graminoid responses to the snow manipulations.
Total biomass includes all species listed in Table 3. For all comparisons, d.f. = 2,15.

Vegetation Wet weights Dry weights Water content

F P F P F P
All plants combined 4.90 0.02 2.67 0.10 1.65 0.23
Buckbean 19.13 < 0.0001 15.89 0.0002 0.44 0.65
Graminoids 0.09 0.91 0.28 0.76 0.26 0.77
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snow cover (Ling and Zhang 2003).

The degree of thermal insulation provided by
snow cover is at least partially dependent on the
physical structure of the snow (Goodrich 1982,
Sturm et al. 1997). Lighter snow with greater
loft (i.e. less dense) provides more insulation
than heavier and wetter snow (i.e. more dense)
because a greater volume of the snow cover
is comprised of interstitial air pockets. In our
study, the process of heaping snow into the snow
addition mesocosms may have had the opposite
effect; it may not have insulated the peat from
colder atmospheric temperatures. Densification
of snow within the snow addition mesocosms
likely made the snow cover more conductive
of cold temperatures. The diminished thermal
insulation in the snow addition mesocosms was
not as severe as that in the snow removal mes-
ocosms, which experienced the deepest frost
levels and the latest disappearance dates of frost.
This effect of densification may also have been
exacerbated by compaction of snow surrounding
the snow addition and removal mesocosms that
resulted from accessing the mesocosms to either
add or remove snow.

Maximum frost level (or depth to frost) spe-
cifically refers to the depth or thickness of the
peat without frost from the surface; it does not
indicate how thick the frost was. Frost thickness
could only be estimated by assuming that the
frost was relatively thin on the penultimate sam-
pling occasion that preceded the final sampling
occasion when frost disappeared. Estimation of
frost thickness is less important than the depth to
frost-free peat when studying the biogeochemis-
try or ecology of peatlands because the rates of
these processes are greatly reduced under frozen
conditions. In contrast, when considering the
hydrology of peatlands, rates of subsurface flow
below the frozen layer are partly dependent on
the thickness of the frost, in combination with
the composition of the substrate, and the under-
lying slope of the peatland basin (Kingsbury and
Moore 1987).

The maximum depths to frost observed out-
side of the mesocosms, in the open fen areas,
occurred at approximately 51 cm, and were not
significantly different than those observed in the
control mesocosms. These depths were 15-20
cm shallower (i.e. closer to the peat surface) than
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the depth of the bottom edge of the mesocosms.
Mean maximum frost levels in the snow addition
and snow removal mesocosms were 63 cm and
67 cm, respectively. These levels approximately
intersect the bottom edge of the mesocosms,
suggesting that deeper mesocosms may have
resulted in even greater depths to frost. Melt-
ing in the spring from below the frost has been
shown to be more important than from above
in a fen with a dry peat surface (Kingsbury and
Moore 1987). The area of Sandhill Fen used for
this study was supersaturated with water (i.e.
the surface was pocked with ponds and pools
10-20 cm deep) when this experiment was initi-
ated. Unlike a dry peat surface, where heat flow
from the surface to the frozen peat is reduced
by the presence of a boundary layer (FitzGib-
bon 1981), water saturation of the peat surface
conducts heat more rapidly to greater depths. In
addition, patterned fens, including the fen used
in this study, are characterized by both vertical
and lateral flow. Subsurface lateral flow during
spring thaw was restricted within the meso-
cosms, meaning that heat and energy exchange
was also restricted. Taken together, these obser-
vations suggest that frost thaw rates were likely
greater from above than from below.

As compared with quadrat samplings from
a series of transects established adjacent to the
mesocosm study area in June 2003, aboveground
biomass was approximately 70% that of open fen
areas when both snow control mesocosms and
quadrats were harvested in August (K. Gardiner
and G. Benoy, Environment Canada unpubl.
data). This decrease in biomass was similar for
both wet and dry biomass of all plants combined
and for buckbean and graminoids, the dominant
taxonomic groups. Plant growth may have been
impeded along the inside edge of the mesocosms
due to disturbance to roots during mesocosm
installation and reduced foliar exposure to sun-
light due to shading from aboveground portions
of the mesocosms. In addition, the presence of
the mesocosms in the peat to a depth of 70-80
cm impeded lateral water flow throughout the
study. Thus, nutrient supply and replenishment
may have been reduced within the mesocosms.
However, vegetation community structure was
comparable between the snow control meso-
cosms and the quadrats, suggesting that any of
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these potentially confounding effects did not dif-
ferentially affect specific taxa.

That buckbean was the only plant species
to exhibit significant differences among treat-
ment levels as a result of the snow manipula-
tions is not surprising as it is a species that is
common to shallow surface waters (Johnson et
al. 1995). In addition to graminoids, some of the
other commonly identified plants were woody
species, including bog willow and dwarf bog-
rosemary. Although these woody plants may not
have greatly altered rates of production within a
single season, their presence in approximately
half of the mesocosm in all treatments sug-
gests that vegetation composition within each
flark was relatively homogeneous at initiation of
the experiment. Prolonged drawdown of water
levels or inundation would likely be necessary to
significantly alter the assemblage of bryophyte
and woody vegetation (Camill 1999).

Patterns of buckbean biomass were consistent
with the predicted effects of snow manipulations
on initial water levels and water disappearance
dates. Deeper initial water depths were strongly
correlated to duration of standing water in snow
addition mesocosms. Perennial herbaceous plants
are adapted to take advantage of periodic inun-
dations of flark habitats. However, high growth
rates of aboveground herbaceous tissue during the
growing season are countered by rapid decompo-
sition rates that affect the proportion of carbon
that can be retained in the ecosystem. In a field
study of a patterned fen near Schefferville, north-
ern Quebec, Moore (1989) found that buckbean
lost 80% of its mass after three years, compared
to loss of 25% to 35% for shoots of tufted bulrush
(Scirpus caespitosus) and leaves of leatherleaf
(Chamaedaphne calyculata). An accompanying
carbon budget showed that carbon sequestration
was about 40 g m™? yr! at fen string sites domi-
nated by bulrush and leatherleaf and approxi-
mately carbon neutral at the pool sites dominated
by buckbean. Climatic conditions that result in
prolonged periods of inundation may alter the
carbon balance of fens by shifting community
composition from graminoids and woody species
to emergent and submergent aquatic species.

A major challenge of climate change science
is the design of experiments that simulate fore-
casted climatic conditions. Field manipulations
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represent one option for isolating putative proper-
ties of ecosystems that drive key biogeochemical
and ecological processes (Bridgham et al. 1999,
Groffman er al. 2001). By varying antecedent
snow conditions among experimental mesocosms
in this study, desired contrasts in water levels and
surficial pool duration were obtained. In semi-
aquatic environments, including peatlands, the
success of snow manipulations is partially predi-
cated on the prevailing water levels. For example,
in a fen with relatively high water levels (i.e. sub-
merged vegetation) in the fall, variation in snow-
pack would not likely matter when compared
with antecedent hydrologic conditions.

Other studies that have examined effects of
variation in snowpack on peatland ecosystems
have done so primarily through the use of snow
fencing (Scott and Rouse 1995, Welker et al.
2000). As a field technique, the presence of snow
fencing is less invasive than that of mesocosms
and it enables a greater spatial extent of fen envi-
ronments to be affected by snowpack manipula-
tions. However, the trade-off of such an approach
is that sustained alteration of surficial water
levels and subsurface frost levels is unattain-
able due to subsurface lateral flow. In this study
involving snow manipulation, lateral flow was
impeded by the physical presence of the meso-
cosms which extended into the peat and into the
surficial microhabitat of the aboveground veg-
etation. While this degree of artificiality compro-
mised the maintenance of some processes that
occur broadly across the fen at the scale of the
mesocosm, such as subsurface hydrologic flow
and evapotranspiration at the peat surface, in
situ experiments using mesocosms represent an
option to the extraction of peat monoliths for ex
situ experimentation.

Manipulation of hydrologic properties of
fens, such as surface water depth and perma-
nence, are important for testing hypotheses
involving ecological processes and evaluating
water management strategies. Rates of pro-
duction, respiration and decomposition, are all
affected by the presence or absence of water
and the aerobic conditions of the peat. To these
ends, field-based mesocosms represent a novel
and relatively inexpensive research technique.
However, the process by which treatments were
established (i.e. snow manipulations) likely inter-
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fered with desired effects on reduced frost levels
with greater snow cover because of snow den-
sification. Studies of subsurface frost dynamics
as a function of increased winter snow cover are
confounded with this experimental mesocosm
design. The obvious solution to this problem
would be to retain a high degree of snow loft in
the snow addition mesocosms. Considering that
any physical manipulation of snow will result
in increased densification, multiple contrasts in
snow cover depths beyond ambient accumula-
tions in a field setting might only be achieved
during years with high rates of snowfall or
through the production of artificial snow.
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