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Abstract

The net primary production (NPP), decomposition, changes in C
and N and peat accumulation potential of the above ground

vegetation of differer ‘lands representing the bog-rich fen
gradient in central A ‘anada- were measured during two
growing seasons (1991 :. :992). The wetland gradient studied was:

bog - poor fen - open m xierate-rich fen - wooded moderate-rich fen
- sedge fen - extreme-rich fen.

Total above ground NPP increased along the gradient from the
bog to wooded moderate-rich fen and then abruptly decreased in the
sedge and extreme-rich fens. Average above ground production in
the bog (264-297 g/m2/yr) was lower than values from more
southerly North American ombrotrophic systems. The Alberta fens
had intermediate values of NPP (214360 g/m2/yr) compared to
other North American minerotrophic peatlands.

Moss production did not differ significantly between most of
the sites and shcwed greater variation between years. Vascular
production and litter fall were highest in the middle of the bog-rich
fen gradient. Herb production tended to increase along the gradient
and was correlated to water level and pH-related characteristics.
Shrub production decreased along the gradient and was negatively
correlated to water level and pH-related characteristics. Tree
production was a minor component of total NPP in these sites.

Weight loss of the dominant species at the sites was negatively
correlated with initial and final C:N ratios and positively correlated
with initial and final %N. Rates of decay within sites differed
according to litter types with Carex > Betula > mosses. After one year,
weight loss of the standard litter (Carex lasiocarpa), used for a cross
site comparison, was negatively correlated with water level and pH-
related parameters and positively correlated with surface water
concentrations of TDP. The sites ranked: poor fen > wooded-rich fen >
bog > open-rich fen > sedge fen, in order of greatest to least percent
weight loss of the standard after two years.

The peat accumulation potential decreased along the bog-rich
fen gradient. The bog had the greatest production to decomposition
ratio, while the sedge fen had the lowest ratio. The sedge fen also
had the lowest litter accumulation rate, while the bog, poor fen and
wooded-rich fen had similar rates.
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1. INTRODUCTION

Peatlands cover about 20% of Canada’s boreal regions and are
defined as wetlands tkat have an accumulated organic matter deposit
(peat) greater than 40 cm in depth (National Wetlands Working
Group, 1988).

The first major division in peatland classification is between
bogs and fens. Bogs are ombrotrophic systems, meaning that they
receive nutrient inputs only from precipitation and are isolated from
mineral-rich groundwater. Fens are minerotrophic systems that
receive nutrients from surt ce and ground water as well as
precipitation. The next ma, r division is among fens, which can be
divided into poor and rich fens on the basis of richness of indicator
species (sensu Du Rietz, 1949) and pH/alkalinity (Sidrs, 1950). Poor
fens, like bogs, are Sphagnum moss-dominated with few indicator
species, while rich fens are brown moss-dominated (i.e. mosses from
the families Amblystegiaceae and Brachytheciaceae) and contain
many indicator species. Rich fens can be divided further. Moderate-
rich fens have lower pH values, reduced conductivties, Ca and Mg
than extreme-rich fens and have different indicator species (Vitt and
Chee, 1990). The number of indicator species and the surface water
pH and concentration of base cations (Ca, Mg, Na) generally increase
along a gradient from bog to poor fen to rich fen. This same trend
does not seem to apply to the amounts of major nutrients N, P
(Malmer, 1986, Vitt, 1990) and K (Gorham, 1950; Vitt et al., in press),
which have no apparent concentration gradient. However, fens may
still receive more nutrients than bogs because of greater water flow
(Sparling, 1966; Vitt, 1990).

Peatland systems are important to the global carbon cycle
because they sequester large amounts of carbon {Gorham, 1991).
Forestry Canada (1992) estimates that peatlands account for 60% of
all organic carbon stored in Canada. This accumulation of organic
carbon is the result of an imbalance between two processes: net
primary production (NPP) and decomposition, with the rate of NPP
exceeding the rate of decomposition. Net primary production is the
amount of organic matter incorporated by vegetation (gross primary
production minus respiration losses) in a defined area over a given
period of time, while decomposition is the process by which organic
matter is broken down to simpler substances (Chapman, 1976). In
this thesis production is used interchangeably with NPP, while
decomposition and decay are also considered synonymous.



Peat accumuiaiion in peatlands is believed to be related more
to slow rates of decay than rapid production rates (Clymo, 1965;
Malmer, 1986; Farrish and Grigal, 1988; Vitt, 1990). However,
research measuring the relative rates of total organic matter
production and decomposition simultanieously has been limited
(Reader and Stewart, 1972; Bartsch and Moore, 1985). Furthermore,
there are very few studies relating either of these processes to water
levels or other environmental factors (Forrest and Smith, 1975;
Farrish and Griz:l, 1988; Moore, 1989).

The pea. accumulation rates along the bog-rich fen gradient
are relatively u:known, although bogs are reported to have greater
accumulation rstes than fens (Malmer, 1986; National Wetlands
Working Grov;:, 1988). However, Reader and Stewart (1972) found
that a minerowophic peatland (lagg) had greater long-term peat
acrumulation than an ombrotrophic site (muskeg) in Manitoba. Rates
of organic matrsr accumulation can vary greatly between similar
sites and between sites within the same geographic area (Gorham,
1982).

The objectives of this thesis were to measure the rates of aerial
production and decomposition in different peatlands of central
Alberta representing the bog-rich fen gradient, and to relate these
processes to hydrology (water levels), water chemistry and climatic
factors. Hydrology is important due to its control over the
aeration/redox potential of substrates and the transport and
availability of nutrients which are important for both production and
decomposition. Major nutrients (N, P and K) in the surface water
were investigated because they are important in controlling plant
growth in wetlands (Reader, 1978) and may influence the activities
of decomposers. Decomposition and production may also be strongly
influenced by pH and related characteristics (e.g. conductivity,
alkalinity, Ca2+). Climatic variables (precipitation and temperature)
were examined to help explain some of the differences between
years and with other studies.

Chapter two focuses on the production aspects of this thesis.
The above ground NPP of the moss, herb, shrub and tree strata was
measured in five sites (bog, poor fen, wooded moderate-rich fen, rich
sedge fen and extreme-rich fen) for two growing seasons to estimate
total production in each. The herb layer included both forbs and
graminoids, while the shrub layer included deciduous and evergreen
species with above ground woody stems. The tree stratum referred
to seedlings as well as large individuals of coniferous species.
Production estimates of each layer and total NPP were compared
with literature values from similar sites. Total litter fall was also



measured over a one year period in the sites. My hypothesis is that
total NPP will increase along this bog-rich fen gradient.

Chapter three deals with decomposition. Decowposition rates
were measured in the same sites as Chapter two, except the extreme-
rich fen was replaced with an open moderate-rich fen. Decomposition
was measured as percent weight loss of the litter during a two year
period from October 1990 to October 1992. In thi: srition two major
questions were asked: 1) does decomposition diffe: wiween the
dominant native litter types and is this related to «.:'»irate quality
(N content and C:N ratio); and 2) does decompositior +iifer between
peatlands using one standard litter type (Carex lasiocaria) and is this
related to environmental parameters (water levels amd chemistry)? 1
hypothesize that the tissue types with lower C:N ratios and greater
percent N will decompose faster because of greater N availability for
decomposers. Rates of decomposition, as measured by the common
substrate, should also increase across the bog-rich fen gradient
because the increasing pH may be more favourable for decomposers.

Chapter four represents a synthesis of Chapters two and three.
In the fourth chapter, production data from Chapter two was first
used to investigate the relationship between NPP and environmental
factors (i.e. water levels and chemistry). My hypothesis is that NPP
will increase with higher water levels because of more available
water and nutrients. Secondly, in Chapter four, the production and
decomposition (Chapter three) data were combined to estimate the
above ground peat accumulation potential in four sites (bog, poor fen,
wooded-rich fen and sedge fen). I hyperihesize that the accumulation
of peat will decrease along the bog-rich fen gradient because the
decomposition rate will increase relative to the rate of production.

In Chapter five (a brief concluding discussion), the major
results of Chapters two, three and four were summarized and
integrated.
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2. NET ABOVE GROUND PRIMARY PRODUCTION ALONG A
BOG-RICH FEN GRADIENT IN CENTRAL ALBERTA

Introduction

Peatlands cover approximately 20% of Canada’s boreal regions
(National Wetlands Working Group, 1988) and are defined as
wetlands where organic detritus accumulates at a thickness greater
than 30-40 cm (Gorham 1991). Peat accumulates in these systems
because the rate of net primary production (NPP) exceeds the rate of
decomposition. This study focuses on the first process: net primary
production.

There have been a nu..'er of studies quantifying above
ground vascular and no--vascular peatland production in North
America (Reader and Stewart, 1972; Wein and Bliss, 1974; Bartsch
and Moore, 1985; Grigal et al., 1985; Wieder et al., 1989) and Europe
(Forrest, 1971; Doyle, 1973; Forrest and Smith, 1975; Wielgolaski,
1975; Vasander, 1982; Francez, 1992a). Most of this research has
focused on either ombrotrophic or tundra/sub-arctic ecosystems,
while few studies of total NPP have been done in southern-boreal
minerotrophic systems (Reader and Stewart, 1972; Richardson et al.,
1976). Despite the abundance of peatlands in Alberta, production
studies in these systems have been scarce and limited to either
bryophytes (Busby et al, 1978; Vitt, 1990) or sedges (Gorham and
Somers, 1973). The raies of total above ground NPP of bogs and fens
in Western Canada are relatively unknown.

In this paper, five different boreal peatlands in central Alberta,
Canada were studied during two years (1991 and 1992). These sites
(bog, poor fen, wooded-rich fen, sedge fen and extreme-rich fen)
represent a vegetational gradient of mire types. This was termed the
“poor-rich” gradient by Du Rietz (1949), with the bog at the poor end
and the extreme-rich fen representing the rich end of the gradient.
Bogs are ombrotrophic systems that receive nutrient inputs only
from precipitation, while fens are minerotrophic and receive inputs
from surface and/or ground water as well as from precipitation.
Progressing from poor to rich, systems change from Sphagnum moss-
dominated to “brown moss”-dominated and the number of peatland
type indicator species increases. Sjors (1950) related this vegetation
gradient to water chemistry and found that pH, reduced conductivity
and Ca also increased along the gradient. Concentrations of N and P
do not seem to follow this trend (Malmer, 1986); however, nutrient



supply may still increase because water movement is greater in fens
than bogs (Sparling, 1966).

The major objective of this paper is to document the above
ground net primary production of the different strata (moss, herb,
shrub and tree) to arrive at an estimate of totai above ground
production for each of the sites. My hypothesis is that total above
ground NPP will increase along the bog-rich fen gradient. The
environmental parameters responsible for this gradient were
examined in a later paper (Chapter 4).

Study area and site descriptions

Five sites were chosen to represent the range of peatlands
present in the central Alberta region. The sites sampled include a
bog, poor fen (PF), wooded moderate-rich fen (WRF), open-rich sedge
fen (SF) and extreme-rich fen (ERF). The bog and joor fen are located
north of Bleak Lake, Alberta at 54° 41° N and 113° 28’ W, while the
wooded-rich fen (54° 28’ N, 113° 17° W) and sedge fen (54° 28’ N,
113° 20’ W) are located east of Perryvale (Fig 2.1). The extreme-rich
fen is located south of Calahoo at 53° 42’ N and 113° 57’ W.

The climate of the area is characterized by mild summers and
cold, snowy winters (Vitt et ai., in press). The long-term mean annual
temperature (Environment Canada, 1982) is 1.7 °C ror the first four
sites (average of two weather stations: Meanook and Athabasca 2)
and 2.2 °C for the extreme-rich fen (average of four surrounding
weather stations). The total mean annuval precipitation is about 500
mm for all sites. More detailed climatic data for the growing seasons
are in Appendix 1. All the peatlands studied are located within the
Boreal Forest Region of Canada (Rowe, 1972). Detailed descriptions of
the vegetation and water chemistry are also in Vitt et al. (in press)
for the first four sites and in Rochefort (1987) for the extreme-rich
fen. Moss nomenclature follows Ireland et al. (1987) while that of
vascular plants follows Moss and Packer (1983). Cover values of the
dominant species were estimated in 10 by 10 m plots.

General descriptions of the sites are as follows:

Bog
This site is a large, raised ombrotrophic island within a
peatland complex bordered by a poor fen water track. The peat
surface is raised about 0.3-0.5 m above the associated water track,
and is composed of large, dry hummocks separated by a few wetter
hollows. This site can be further divided into an open bog (OB) and



wooded bog (WB). The only difference between these sites is that
there is a sparse tree layer of small Picea mariana (Mill.) BSP.
covering about 25% of the wooded bog. The ericaceous shrub stratum
of both is dominated by Ledum groenlandicum Oeder with a cover
value of about 75%. Vaccinium vitis-idaea L., Oxycoccus microcarpus
Turcz., Andromeda polifolia L. and Chamaedaphne calyculata (L)
Moench are also present. Herbaceous species are rare at the bog with
Smilacina trifolia (L.) Desf., Rubus chamaemorus L. and Eriophorum
vaginatum L. sparsely distributed throughout. The moss layer is
dominated by Sphagnum fuscum (Schimp.) Klinggr. with a cover of
about 90%. The remainder of this stratum consists mostly of S.
magellanicum Brid. and S. angustifolium (C. Jens. ex Russ.) C. Jens in
Tolf, on mid-hummocks and hollows and Polytrichum strictum (Brid.)
on dry hummocks. The peat depth az the bog averaged 5 m (as
determined by steel rod), while the surfs ¢ water pH ranged from
3.4 to 4.2 (see methods, Chapter 3 or 4).

Poor Fen
This fen is a water track adjacent to the bog island. The poor

fen has a hummocky microtopography, but is wetter than the bog,
with open water usually present during the ice-free season. This site
has a well developed shrub layer of Betula pumila L. var.
glandulifera Regel. (40% cover) and Salix pedicellaris Pursh (20%).
Dwarf shrubs are also common with Oxycoccus microcarpus (15%)
and Andromeda polifolia (10%) the most common species. The herb
layer is dominated by Smilacina trifolia, Menyanthes trifoliata 1.. and
Carex species [C. brunescens (Pers.) Poir., C. aquatalis Wahlenb., C.
chordorrhiza L£., C. limosa L., C. lasiocarpa Ehrh., C. paupercula Michx.
and C. tenuiflora Wahlenb.]. The ground layer has a Sphagnum cover
of about 90% with S. teres (Schimp.) Aongstr. ex C. Hartm. and S.
angustifolium the most common. Aulacomnium palustre (Hedw.)
Schwaegr. is also abundant covering about 10% of the sample area.
The surface water pH varied between 4.3 and 5.2 during the study
period and the peat thickness averaged 4 m at this site.

Wooded-Rich Fen
This site forms the grounded, forested fen adjacent to a floating

mat fen which surrounds a small open pond. The peat surface
consists of large hummocks and wet lawns, with pools of water
present during much of the season. This moderate-rich fen has an
open tree canopy dominated by Larix laricina (Du Roi) K. Koch (25%
cover) and some small Picea mariana (3%). Betula pumila var.
glandulifera is the dominant shrub with a cover of 30% followed by



Salix pedicellaris (10-15%). The dwarf shrub layer is also well
developed (25%) with Oxycoccus microcarpus and Andromeda
polifolia the most important species. The most abundant herbs are
Menyanthes trifoliata and Smilacina trifolia each with a cover of
about 10%. Sedges are also common (10% cover) with Carex
lasiocarpa, C. diandra Schrank, C. limosa, C. chordorrhiza and C.
tenuiflora the most abundant species. The ground layer is brown
moss-dominated with Tomenthypnum nitens (Hedw.) Loeske
covering about 75% of the study area followed by Aulacomnium
palustre (10%) and Sphagnum warnstorfii Russ. (10%). Peat depth at
the wooded-rich fen was about 4.5 m while surface water pH ranged
between 5.7 and 6.6.

Sedge Fen

This site is situated in a former north-south drainage channel
that presently contains several large bodies of open water, separated
by large expanses of sedge-dominated wetlands (Vitt et al., in press).
The microtopography is mainly flat with a few isolated, small
hummocks constituting less than 5% of the surface. The site was
inundated with water for most of 1991, and therefore has
characteristics of a marsh, but began to dry out during the 1992
season. Vitt et al. (in press) designated this site as an extremuw:-rici
fen and that it is probably transitional between a moderatc- and
extreme-rich fen. The vascular plant vegetation is almost completely
sedge-dominated with Carex lasiocarpa and C. diandra the two most
important species. Other species present include C. chordorrhiza, C.
limosa, C. aquatalis and Eriophorum gracile Koch. The shrub layer is
sparse (<5%) with Salix pedicellaris and Betula pumila var.
glandulifera the only two species found. The moss layer is
discontinuous covering only about 75% of the surface. Drepanocladus
aduncus (Hedw.) Wamnst. (65%) is the dominant species, forming
mats at the bases of sedge plants. Calliergon giganteum (Schimp.)
Kindb. is also present, growing in wet pools, while Aulacomnium
palustre is found on some hummocks. The pH of the water ranged
between 6.1 and 6.9, while peat thickness was 2-2.5 m.

Extreme-Rich Fen
This spring-fed, open fen consists of strings alternating with
flarks and pools of water with marl (CaCO3) mud bottoms. These marl
ponds were not included in the study. The extreme-rich fen has a
great richness of herbaceous species with the dominant, Scirpus
cespitosus L., covering about 50% of the study area. The insectivorous
Drosera rotundifolia L. and D. anglica Huds. are also important



components (10%). The shrub and tree layers are both sparse. The
former is dominated by Betula pumila var. glandulifera and Salix
candida Fluegge ex Willd. and covers only about 5% of the fen. The
latter is even less prevalent with the combined cover value ¢f Picea
mariana and Larix laricina only about 2%. The moss layer follows the
typical sequence for extreme-rich fens in Western Canada (Vitt
1990). From pools to dry hur - ock this sequence is: dcorpidium
scorpioides (Hedw.) Limpr. - vrepanocladus revolvens (Sw.) Warnst. -
Campylium stellatum (Hedw.) C. Jens. - Tomenthypnum nitens.
Together these species make up 95% of the ground layer with C.
stellatum (55%) the most important. The site is surrcunded by a bog-
forest with a closed canopy of P. mariana and L. laricina and a
ground layer dominated by Pleurozium schreberi (Brid.) Mitt.,
Tomenthypnum nitens and Ptilium crista-castrensis. (Hedw.) De Not.
Peat depth was about 2.5 m and surface water pH ranged between
7.8 and 8.4 at the extreme-rich fen.

Methods

Production measurements

Moss

Moss growth was measured by the cranked wire method of
Clymo (1970) in all sites except the sedge fen. In early June 1991,
two 5 by 50 m (250 m2) plots were established at each site to
determine the growth and production of the dominant moss species.
Five randomly placed circular transects of 20 wires placed
approximately 5 cm apart were established in each plot for a total of
200 wires per site (in the extreme-rich fen, the wires were only
placed on hummocks of T. nitens and S. warnstorfii). Growth in
length was measured during the growing season (defined as early
May to mid-October) in 1991 and 1992. Since the wires were
established in early June 1991 part of the growing season was
missed (May 1 to June 10) that year. Moss growth was measured
during approximately this same 6 week period in 1992 to estimate
the amount missed in 1991. This is probably a reasonable estimate
since most climatic variables (mean daily temperatures, growing
degree days and total precipitation) and water levels were similar
for the sites during this period in both years.

To convert linear growth increment (cm/yr) to production
(g/m2/yr), the mass per unit length per suriace area (g/cm/m2) or



bulk density is required. To measure bulk density, five surface cores
of 85 cm? were collected perpendicular to the peat surface in late
July or early August 1992 for each of the major moss species per
site, except for the extreme-rich fen where only T. nitens was
collected. The number of stems in each core was counted and the top
3 cm was removed for drying and weighing. For Sphagnum mosses
the capitula were removed first before measuring the 3 cm with the
assumption that capitulum size does not change significantly during
the growing season (Rochefort et al., 1990). The stem sections for
each core were dried at 60 °C and then weighed to the nearest 0.1 g.
All results were then converted to average weight per 1 cm of stem
per square meter (g/cm/m2) of area for each major species. These
results multiplied by the yearly length incremnts (cm/yr) of the
species yielded production values (g/m2/yr).

The actual moss surface area due to microtopography must also
be taken into account when estimating moss production (Grigal,
1985; Rochefort et al., 1990). To estimate actual moss surface area
per vertically projected area, a 2500 cm?2 quadrat was set up (using
wires strung across) into a grid of 25 equal 100 cm2 squares. This
design created 36 evenly spaced grid nodes on the quadrat surface.
At the sample area the quadrat was placed at the highest point and
then levelled. The distance (cm) of each grid node was then
measured from the ground surface. The coordinates of the grid nodes
(x,y) and depth (z) to moss surface were used by the computer
program MacGridzo to calculate the surface area within the quadrat.
A total of 10 randomly placed quadrats were measured in each site
except in the extreme-rich fen where only 3 quadrats placed on T.
nitens hummocks were measured. The average ratio of actual surface
area to vertically projected arca was then determined for each site.
The moss production values estimated above were then multiplied
by the appropriate site ratio (correction factor) to arrive at final
corrected production (g/m2/yr) figures.

Although T. nitens made up only about 20% of the moss layer
at the extreme-rich fen, its production value may still be considered
an approximation of total moss production at the site. Vitt (1990)
showed the two production values (T. nitens and total moss) to be
similar over three years in two different extreme-rich fens with T.
nitens averaging about 96% of the total moss production over that
period.

The sedge fen had very few hummock species, therefore the
cranked wire method could not be employed at this site. Moss
production was determined instead by harvesting the live moss mat
in quadrats during two or three sample periods. From each harvested
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quadrat a sub-sample of about 20 moss stems was taken and the
ratio of the mass of new growth (estimated by colour change) to total
biomass of the sub-sample was determined (cf. Vitt and Pakarinen,
1977; Vasander, 1982). To estimate total moss production per
quadrat this ratio of new growth to total weight was multiplied by
the total harvested moss weight per quadrat. The sample period with
the highest production was used as an estimate of annual NPP. All
samples were oven-dried at 60 °C before weighing.

Herbs and shrubs

These two strata were measured in the same randomly placed
50 cm by 50 cm (0.25 m2) quadrats in 250 m?2 plots adjacent to those
used to measure moss production. Harvest periods were in late June,
late July and late August in both years. In 1991 six quadrats were
clipped per site per harvest period, while in 1992 the sample size
was increased to 10.

All herbaceous material was clipped at the ground level at each
harvest period. Samples were sorted into live and dead components
and into various taxa. Before weighing, all samples were oven-dried
at 60 °C. Two different estimations of herb production were
calculated. 1) Minimum seasonal production was calculated by
pooling the monthly biomass data if there was no significant
difference (one-way ANOVA) in herb biomass between those months
for a site. Only the months that had the highest biomass were
included. 2) Maximum above ground herb production was also
estimated by using only the month (June, July or August) of peak
live standing crop. This measurement was used in the determination
of total site NPP.

For shrubs, only the non-ericaceous, deciducus new terminal
growth (leaves, flowers, new twigs) was harvested during all three
sample periods. Within each site there were no significant
differences (one-way ANC'VA) in non-ericaceous terminal shrub
biomass between months. At the final (August) harvest period, all
shrub material (deciduous and evergreen species) was clipped at
ground level (to be used in the estimation of radial production) and
terminal production was measured for all species. Because all three
months were similar for deciduous shrub terminal production and
since ericaceous terminal production and radial production of the
major species were only measured during the August sample period,
shrub production was calculated from this month only.
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Shrub radial production was only determined for the la-jer
species (Betula, Salix and Ledum) as the radial increment of dwarf
shrubs is believed to be minimal (Vasander, 1982). Radial production
was estimated by a modification of the methods of Reader and
Stewart (1972). First, the leaves were removed and total stem
biomass was determined for the major species in each quadrat. Then
the amount of total new terminal stem production for these was
weighed. Next, the average age of the shrub species for each quadrat
was estimated by counting terminal bud scale scars. Finally, ihe total
shrub stem weight was divided by the average quadrat age to get a
mean stem production per year. To arrive at total radial production
the amount of new terminal stem production was subtracted from
the total. Total shrub production was determined by adding total
terminal to total radial production for each quadrat.

To estimate total vascular plant above ground NPP (excluding
trees and shrub radial production), the August herb biomass and
shrub terminal production from the quadrats were combined. This
was used to test for differences in vascular plant production between
sites.

Trees

Significantly developed tree canopies were only present in the
wooded bog (P. mariana) and the wooded moderate-rich fen (L.
laricina, P. mariana). At the end of the 1992 growing season, two
linear plots of 2 m by 50 m (100 m2) were established at each of
these sites. Within the plots each tree was classified as being either
large (>1.75 m) or small (<1.75 m). For the large trees the dbh
(diameter to the nearest 0.1 mm at approximately 1.3 m) and height
(to the nearest 0.1 m)) were measured, while the small trees were
measured for basal diameter, height and leader length. About 10
cross-sectional disks were removed at the dbh level from large
individual trees representative of a range of sizes from each site for
measurement of radial growth increments. Ten small P. mariana
from the bog and six small L. laricina from the forested fen were
destructively sampled to construct biomass prediction equations
(Table 2.1). These trees were separated into various components
(trunk, live branches, dead branches, needles etc.) and dried at 60 °C
for 48 hours and weighed to the nearest 0.1 g. Basal disks were then
removed from these individuals to be used later for radial growth
measurements to construct biomass increment prediction equations.
To estimate the biomass of the large trees, regression equations
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developed by Grigal and Kernik (1984) for P. mariana and Lavigne
(1982) for L. laricina were utilized (Table 2.1).

The biomass increment (production) of the trees was predicted
using the simple equation

AB = B, - B}

where AB is the biomass production, B3 is the biomass at the end of
the growing season and B is the biomass at the beginning of the
growing season. B2 and By were estimated using the regression
equations in Table 2.1. The diameter (basal or dbh) and height (small
trees only) used to estimate Bj were determined by

Di=D2-2()and Hy =Hz -L

where Dp and Dy are the diameters at the beginning and end of the
growing season respectively and I is the mean annual radial
increment. The radial increments over the previous five years were
measured to the nearest 0.01 mm using a Digimic machine and then
averaged to get the mean annual increment (I). H; and Hz are the
heights at the beginning and end of the growing season respectively,
while L represents the leader length.

Regression equations to estimate annual above ground biomass
change using current biomass as the independent variable were then
developed for each species combining both large and small trees
(Table 2.1). These equations were then applied to the sample plots to
arrive at total site estimates of biomass production (g/m2/yr). The P.
mariana equations used in the bog were also applied to this species
in the wooded-rich fen. Final site tree NPP values were derived by
combining annual biomass production with annual tree litter fall

(Grigal et al., 1985).
Litter traps

To estimate litter fall, litter traps were randomly placed in
plots adjacent to the other plots within each site at the beginning of
the growing season (early May) in 1992. The traps were constructed
of circular embroidery hoops with a diameter of 14.5 cm and 1 mm
nylon mesh screen on the bottom. Fifty traps were placed in the bog,
poor fen and wooded-rich fen while 25 were placed in the sedge and
extreme-rich fens. The litter traps were left out for a period of about
a year. During this period they were emptied three times: late
August/early September 1992, mid-October 1992 and early May
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1993. The con.ents were dried at 60 °C for 48 hours, sorted into
various groups and weighed to the nearest 0.001 grams.

Statistical analyses

The moss production was tested using nested ANOVA’s (Zar,
1984) with transect nested in plot nested in site. Since the sedge fen
was sampled differently it was excluded from this analysis.
Differences in moss production between sites were tested separately
for 1991 and 1992. To test for differences between years, a paired t-
test was done using only the growth period from June to October for
both years. In the poor fen there was no significant difference in
production between S. teres and S. angustifolium (t-test, p > 0.05)
both years and therefore these two sphagna were treated as the
same population and their data pooled for the statistical analyses and
to calculate total site moss production.

Randomized block-nested ANOVA designs were used to test
herb, terminal shrub and vascular plant (excluding trees) production
with site and year as the main factors and plot nested within site.
Both minimum seasonal herb production and and peak herb biomass
were tested. Litter fall was tested by a one-way ANOVA with site as
the factor.

To maintain homogeneity of variances and normalcy most of
the data were either square root- or log-transformed before the
analyses (Zar 1984).

Statistical analyses were performed with SYSTAT version 5.2.1.

Results and discussion
Moss production
Moss growth and production by species

Production of the moss species on an annual basis did not differ
significantly between Sphagnum fuscum,S. angustifolium, S. teres or
Tomenthypnum nitens. The two poor fen species (S. teres and S.
angustifolium) showed the greatest length increments in both years
(Table 2.2). This increased growth did not translate into greater
production as these two species also had the lowest bulk densities
(45 and 43 g/cm/m2 respectively). Conversely, the hummock species
(S. fuscum and T. nitens) had lower growth rates but were
compensated by greater bulk densities. Lindholm and Vasander
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(1990) also reported greater length increments for S. angusiifoliuin
compared to S. fuscum in a Finnish mire, but with the latter having a
higher bulk density as well. Similar relationships have also been
found between other hummock and hollow species (Wieder and
Lang, 1983; Wallén et al., 1988; Moore, 1989; Rochefort et al., 1990;
Francez, 1992b) and for a single species (S. magellanicum) growing
on hummocks and hollows at the same site (Forrest and Smith,
1975). The compact, dense growth form of hummock species
probably helps to reduce evaporation losses (Moore, 1989) and to
increase water transport through capillary movement.

Production of S. fuscum in the bog for the two years ranged
from 119 to 189 g/m2/yr (Table 2.2) and was well within the range
for this species (7-800 g/m2/yr) reported in a literature search '
compiled by Rochefort et al. (1990). Compared to similar sites in
North America, these Alberta values seem to be intermediate
between those recorded in N.W. Ontario (Rochefort et al.,1990) for an
oligotrophic mire (69-119 g/m2/yr) and a minerotrophic mire (156-
303 g/m2/yr). However S. fuscum production reported by Reader
and Stewart (1972) in a S.E. Manitoba bog was only 7-8 g/m2/yr.
This much lower figure may be due to different methods used. Other
studies in Eastern North America resulted in higher production of S.
fuscum than my study. Grigal (1985) measured 300 g/m2/yr on a
raised bog in Minnesota, while Pakarinen and Gorham (1983) cited a
figure of 240 g/m2/yr in N.E. Ontario for a forested bog.

Production of S. angustifolium in the poor fen ranged from 95
to 166 g/m2/yr and was well within the range in the literature (19-
1656 g/m2/yr). My results are comparable to those of a poor fen in
N.W. Ontario obtained by Rochefort et al. (1990) where S.
angustifolium production ranged from 97-198 g/m2/yr. My values
appear to be slightly greater than those (29-127 g/m2/yr) reported
from sub-arctic fens in Quebec (Moore 1989).

Measurements of bulk density, growth and production of S.
teres in the PF were very similar to those of S. angustifolium (Table
2.2). Production estimates of S. teres were 143 and 101 g/m2/yr for
1991 and 1992 respectively. No production values were found for
this species in the literature.

Studies on the production of the brown moss Tomenthypnum
nitens are also rare. Production of T. nitens in the wooded-rich fen
was 170 and 115 g/m2/yr in 1991 and 1992 respectively. These
results are somewhat lower than those obtained by Busby et al.
(1978) for this species in a similar rich fem in west-central Alberta
(190 g/m2/yr). The range of T. nitens production values (95-204
g/m2/yr) for the extreme-rich fen were greater than those of the
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wooded-rich fen and from two other boreal extreme-rich fens in
Alberta (104-131 g/m2/yr) reported by Vitt (1990).

Moss production by site

The sedge fen had the lowest moss production (47 g/m2/yr in
1991 and 38 g/m2/yr in 1992) of all the sites (Fig. 2.2). The bog,
poor fen, wooded-rich fen and extreme-rich fen had values between
147 and 204 in 1991 and 95 to 119 in 1992. There were no
significant differences between these four sites, however, there was
a significant difference between years (p < 0.001). In every site moss
production was lower in 1992 ranging from 50% to 80% of the 1991
rates. This trend of large variation between years has also been
reported in other studies (Wallén er al., 1988; Moore, 1989; Rochefort
et al., 1990 and Francez, 1992b). Others have also shown that moss
production may differ minimally between sites. Rochefort et al.
(1990) reported four year means of total moss production of 141
g/m2/yr for an oligotrophic site and 132 for a minerotrophic site in
Ontario. Bartsch and Moore (1985) also found minimal differences in
Sphagnum production between three sub-arctic peatland types: poor
fen, rich fen and transitional fen. However, Reader and Stewart
(1972) found moss production to increase across a wooded bog -
open bog - lagg gradient in Manitoba, and Moore (1989) recorded
greater moss production in a sub-arctic extreme-rich fen than in
nearby rich or poor fens. This contradicts Vitt (1990) who found
extreme-rich fens to be similar or slightly less productive than bogs
and poor fens.

The average (1991 and 1992) moss production of the bog (154
g/m2/yr) and PF (123) were quite similar to the four year averages
of the oligotrophic (141) and minerotrophic (132) sites of Rochefort
et al. (1990). The values for my bog and poor fen were, however,
greater than those recorded (55 g/m2/yr) for a Manitoba bog
(Reader and Stewart, 1972) and the 70-84 g/m2/yr for sub-arctic
poor fens (Moore, 1989). The moss production of my two Sphagnum-
dominated sites was much lower than values (320-380) cited for
Minnesota bogs (Grigal, 1985).

Total moss production of the wooded-rich fen (115-170
g/m2/yr) and extreme-rich fen (95-204) showed more variation
between years than the two boreal extreme-rich fens of Vitt (1990).
In the latter, total production remained fairly constant over three
years (125-131 g/m2/yr). Reader and Stewart (1972) also studied a
boreal rich fen (lagg) in S. E. Manitoba. The production (76 g/m2/yr)
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for this site was within the low range of values for my Albeita rich
fens and similar to the sedge fen estimates (38-47).

My production values represent only approximations <f the
total moss NPP per site because only the dominant species were
measured by cranked wires. However, these figures are probably
good estimates of total moss production because the sites had more
or less 100% moss cover and in most cases the dominant species had
cover values greater than 75%. The production values obtained may
be low because the cranked wire method has been shown to under-
estimate moss production (Grigal, 1985; Wallén et al., 1988).

Herb production

Minimum seasonal herb production (see methods) and peak
herb standing crop (maximum production) were both significantly
different (p < 0.01) between sites (Figs. 2.3 and 2.4). Hertb NPP
increased along the bog-rich fen gradient with minimum seasonal
production values ranging from 7 to 203 g/m2/yr in the order: sedge
fen > extreme-rich fen > wooded-rich fen > poor fen > bog. With the
exception of the bog in 1992, peak standing crops were attained in
either July or August in 1991 and 1992 (Fig. 2.4). Peak standing
crops were greater in 1991 in all sites except the bog. The sedge fen
showed the greatest yearly change in maximum above ground
biomass dropping from 203 g/m2in 1991 to 122 g/m2 in 1992.

The low values of herbaceous peak standing crop in the bog (8
and 14 g/m2) are consistent with other studies done on ombrotrophic
systems. For example, Grigal et al. (1985) recorded herb production
values of 14 g/m2/yr in raised bogs and 22 g/m2/yr in perched bogs
from Minnesota. Herb biomass in Finnish forested bogs was also low
with values of 3 g/m2 reported by Paavilainen (1980) and 30-40
g/m2 by Vasander (1982).

The results of increased herb production in the minerotrophic
sites are also supported by other researchers. Malmer (1986), for
example, found graminaceous production in Swedish sites to be
greater in both poor and rich fens than in bogs. Herbaceous
production measured by Bartsch and Moore (1985) in a number of
different sub-arctic fens is also comparable to my results. Their
value for a poor fen of 27 g/m2/yr is somewhat lower than the
results of the poor fen in this study (52-55 g/m2/yr). Total herb
production in their rich fens (90-233 g/m2/yr) appears to be only
slightly higher than the rich fens of this study (52-203 g/m2/yr).
Reader and Stewart (1972) also found similar herb production (164
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g/m2/yr) in a Manitoba lagg where the major species were Carex
rostrata Stokes and Calamagrostis canadensis (Michx.) Beauv., while
Reiners (1972) rec-vded a value of 50 g/m2/yr in a Minnesota
marginal fen of neutral pH.

The sedge fen had much lower herbaceous production (122-
203 g/m2/yr) than values reported by Bernard and Gorham (1978)
for North American sedge wetlands. These ranged from 340 to 1500
g/m2/yr for above ground production, however, several of the
studies were located at much lower latitudes.

The estimates of above ground herb NPP by the harvest
method likely contain errors. Under-estimates will occur due to shoot
mortality, different time of peak biomass for different species and
herbivory, while over-estimates will occur due to over-wintering
green shoots and translocation of material from old to new tissues
(Bernard and Gorham, 1978; Reader, 1978; Richardson, 1978;
Wheeler and Shaw, 1991).

Shrub production

Shrub above ground production appears to decrease along the
bog-rich fen gradient (Fig. 2.5). Total shrub terminal production was
highly significant (p < 0.001) between sites ranging from 6 to 128
g/m2/yr. The bog, poor fen and wooded-rich fen had much greater
shrub production than the sedge fen and the extreme-rich fen. Shrub
terminal production was generally higher in 1992 but this difference
was not significant (p > 0.05). The estimated radial production of the
major shrub species at each site was low compared to the terminal
production. This secondary wood growth only accounted for an
additional 2-26% (mean of 12%) of the terminal production.

Total (terminal and radial) above ground shrub production (77-
97 g/m2/yr) for the bog in this study was slightly higher than the
values of Reader and Stewart (1972) for shrub production in a bog
forest (53 g/m2/yr) but lower than values they obtained for more
open peatiands. In a sparsely-treed muskeg and a tree-less bog
respectively, they recorded above ground shrub productions of 241
and 308 g/m2/yr. Grigal et al. (1985) also reported higher figures
(200 g/m2/yr) for raised bogs ‘n Minnesota. However, shrub
production in their perched bogs averaged only 40, which is
somewhat lower than the Alberta bog.

In the minerotrophic sites that had any substantial shrub cover
(poor fen and wooded-rich fen) the shrub production ranged from 96
to 152 g/m2/yr. These values are high compared to similar fens in
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sub-arctic Quebec (Bartsch and Moore, 1985) where shrub
production ranged from 43 to 71 g/m2/yr. However, my values are
not as large as similar peatlands in lower latitudes. For instance,
Reader and Stewart (1972) in Manitoba and Richardson et al. (1976)
in Michigan reported shrub production values of 458 and 338
g/m2/yr respectively from minerotrophic sites.

The sedge fen and extreme-rich fen had the lowest estimates of
above ground shrub production (6-9 g/m2/yr) in all the sites. These
values are comparable to that of a Minnesota marginal fen (7
g/m2/yr) recorded by Reiners (1972).

The estimates of net above ground shrub production may be
low because of losses due to retranslocation, litter fall and herbivory.
Ericaceous terminal production could have also been under-
estimated because current leaves and stems may continue to
increase in weight until October (Backéus, 1985), while my harvests
were only performed in late August. Estimates of average radial
production are most certainly conservative because they do not take
into account stem mortality and burial by peat surface (Forrest and
Smith, 1975). These values may also be inaccurate because dividing
average quadrat weight by age represents a long-term average of
radial growth rather than a current estimate (cf. Reiners, 1972).

Vascular plant production (excluding trees)

There was a significant difference (p < 0.05) in above ground
vascular plant (excluding trees) production between sites but there
was no significant difference between the two years (p > 0.05). The
two sites at the ends of the gradiznt (bog and extreme-rich fen) had
the lowest herb and shrub production combined (Fig. 2.6) while the
rest of the sites had values that were similar. Production figures
ranged from 76 to 211 g/m2/yr but were less variable than between
site comparisons of either herb (Fig. 2.3) or shrub production (Fig.
2.5).

A detailed list of the major taxa that comprise the herb and
shrub layers is in Appendices 2 and 3.

Tree production

Total above ground estimated tree production was similar
between the wooded bog and wooded-rich fen (Table 2.3). The bog
had slightly greater production (54 g/m2/yr) mainly due to the
larger biomass estimates and growth increments of P. mariana, while



21

about half of the estimated WRF tree production (44 g/m2/yr) was
measured as L. laricina lc . litter.

Estimated P. marian . above ground biomass (592 g/m2) and
production (54 g/m2/yr) in the wooded bog were similar to biomass
(368) and production (58) values measured by Reader and Stewart
(1972) for the same species in a Manitoba muskeg. Their bog forest,
however, had much greater tree biomass (4186 g/m2) and
production (303 g/m2/yr). Bogs in Minnesota also had larger P.
mariana growth, where biomass and production averaged 3100 g/m?2
and 100 g/m2/yr for raised bogs and 10,000 and 310 for perched
bogs respectively (Grigal et al., 1985). Estimates of Pinus Sylvestris L.
biomass (254 g/m2) and production (23 g/m2/yr) from a raised bog
in Finland (Vasander, 1982) were lower than the wooded bog in
Alberta.

The wooded bog and wooded-rich fen had very similar tree
production values despite being dominated by different species. Tree
production estimates from fens are not as common as those from
bogs. No production studies on Larix laricina-dominated fens could
be located in the literature. In Minnesota, tree biomass and
production in a Fraxinus nigra Marsh. and Thuja occidentalis L. -
dominated fen were 9800 g/m2 and 650 g/m2/yr respectively
(Reiners, 1972). These were much higher than the wooded-rich fen
where a biomass of 351 and a production of 44 were estimated for
the tree layer.

Errors in the estimates of tree biomass and production most
likely occurred. The regression equations used to predict biomass of
the large trees were developed outside of Alberta and therefore may
not provide accurate estimations for the sites. Also, the independent
variables (biomass or production) were probably under-estimated
frem the log-log equations (Table 2.1) when antilog transformed
(Baskerville, 1972; Beauchamp and Olson, 1973; Crow and Laidly,
1980). Tacrements used to develop the production equations
represeni (ive year averages so tree production values may not
neceszarily refiect the current year’s growth.

Totar ¢ sduction

Total ubsve ground NPP, when averaged for the two years (Fig.
2.7), appears ic ‘«cieass along the gradient from bog to poor fen to
wooded-rict. fecr 2ut thea it abruptly drops towards the rich end of
the gradient. . woode’ moderate-rich fen had the greatest
average praduc v (36 g/m2/yr) followed by the poor fen (310).
This supporis Vitt {: ), who suggested that moderate-rich fens
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have higher nutrient levels than the other mire types and therefore
should be more productive. The sedge fen (214 g/m2/yr) and
extreme-rich fen (245) had the lowest values. The average NPP of
the bog sites were intermediate with the wooded bog (297 g/m2/yr)
slightly higher than the open bog (264).

Yearly total production values of the bog sites (235-311
g/m2/yr) were among the lowest reported for North American bogs
(Table 2.4). In S.E. Manitoba, Reader and Stewart (1972) recorded
total above ground production values of 342 and 371 g/m2/yr for
their musk«z and open bog respectively, while other North American
values are much higher (634-1045). There appears to be a trend of
increasir;, above ground NPP with decreasing latitude in North
Americau bogs (Table 2.4).

“,uropean total NPP values for ombrotrophic systems are
comparable with those from this study. Doyle (1973) measured 175
ain *;yr on an Irish blanket bog, while Vasander (1982) recorded a
viiue of 238 for a Finnish raised bog. Forrest and Smith (1975)
rznorted somewhat higher figures for a number of British blanket
bogs (285-653 g/m2/yr).

Estimated yearly above ground production values for the
Alberta fens (167-388 g/m2/yr) are slightly higher than those from
the sub-arctic fess (114-335) studied by Bartsch and Moore (1985).
Richardson et al. (1976), in a Michigan fen, recorded a value (341)
that was similar to the wooded-rich fen, however, estimates from
North American marginal fens or laggs are two to three times higher
(Reader and Stewart, 1972; Reiners, 1972). The trend of increasing
NPP with decreasing latitude does not appear to be as strong in fens
as bogs in North America (Table 2.4), suggesting the importance of
local hydrology on minerotrophic systems in addition to climatic
factors.

My least productive fens were the sedge and extreme-rich
fens. In Europe, wetlands similar to these have also been reported to
have lower standing crops than other nearby fens. For example,
Verhoeven et al. (1983) and Wheeler and Shaw (1991) found Carex
diandralC. lasiocarpal/C. rostrata communities to have low production
values (210-250 g/m2/yr). These are comparable to my C.
lasiocarpa-dominated sedge fen (167-260). Some extreme-rich fen
communities have also been reported to have relatively low
production (Boyer and Wheeler, 1989: Wassen et al., 1990; Wheeler
and Shaw, 1991). The latter authors reported standing crop
increments of only 137 to 170 g/m2 in “short-fen” vegetation from
spring-fed calcareous fens in England and attributed this to low
phosphorus availability.
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Litter fs.l

There were significant differences in total litter (Fig. 2.8), shrub
litter and tree litter fall between the sites (p < 0.001). The wocded-
rich fen had the greatest total litter productior (65.3 g/m2/yr) which
was similar to that of the poor fen (6i{.2 /m?/yr). The extreme-rich
fen and sedge fen had the lowest litter fail (8.1 and 153 g/m2/yr
respectively), while the open bog (22.3) and wooded bog (39.9) were
intermediate. The wooded-rich fen also had the highest tree litter
production (24.7 g/m2/yr) while the poor fen had the greatest shrub
litter production (61.7 g/m2/yr).

Total combined tree and shrub litter production (Fig. 2.8) was
greatest in the poor and wooded-rich fens because these sites had
large proportions of deciduous species. Both peatlands had a well-
developed shrub layer dominated by Betula and Salix, while the WRF
also had a tree stratum dominated by the deciduous species L.
laricina. The bog sites had relatively low litter fall despite the
presence of well-developed shrub layers in both the OB and WB and
a tree layer in the WB. This is because all the non-herbaceous
vascular plant species were evergreen and therefore leaf fall was
minimal in the bog. The very low litter fall in the extreme-rich and
sedge fens was due to the sparseness or lack of tree and shrub
layers.

Few studies have been done directly measuring litter fall in
peatlands. Grigal et al. (1985) reported values of 130 g/m2/yr for
raised and 250 for perched bogs in Minnesota. These results are 3 to
6 times greater than total litter fall measured in the wooded bog (40
g/m2/yr), however, tree and shrub biomass was also much larger in
the Minnesota sites. Forrest and Smith (1975) found that Calluna
vulgaris (L.) Hull litter fall in blanket bogs from the United Kingdom
averaged approximately 90 g/m2/yr. Reiners (1972) recorded much
higher values (412 g/m2/yr) in a ip<innesota fen dominated by
deciduous trees. Comparisons betwee.: different studies must be
made with caution because of the diffecent types and sizes of litter
traps that were employed. However, Rytter et al. (1989) found no
difference in the capture rate between large and small traps.

My traps may have under-estimated litter fall because their
shallow design may have allowed some litter to be blown out by
strong winds, however, this could have been compensated for by
additional litter being blown into the traps. Estimates may also be
low as a result of leaching and decomposition of materials in the
traps before collection. Litter traps in general under-estimate the
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true deposition of aerial organic matter in forested ecosystems
because they do not account for falling trees which may add
considerable amounts of material (o the peat (Reiners, 1972, Grigal et

al., 1985).

Conclusions

The hypothesis of increasing production along the bog-rich fen
gradient was only partially supported by the data. Total above
ground NPP increased along the gradient from the bog to wooded
moderate-rich fen and then abruptly decreased in the sedge and
extreme-rich fens. Above ground production of the bog sites (264-
297 g/m2/yr) was lower than values from other North American
ombrotrophic systems. The Alberta fens were intermediate in NPP
(214-360 g/m2# ° compared to other North American

minerotrophic nds.

Moss pro. -erally showed greater variaticn between
years than sites ‘es having similar values except for the
sedge fen which . lower moss NPP than the other s.ius.

Herbaceous produc... acreased along the bog-rich fen gradicat
while shrub production tended to decrease along the gradient. Tree
production was only measurable in two of the sites (bog and
wooded-rich fen) and contributed a minimum amount to the total
above ground production. Total tree and shrub litter fall followed a
similar trend to total NPP and was greatest in the middle of the
gradient in the poor and wooded-rich fens and lowest at the rich end
in the sedge and extreme-rich fens.
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Fig. 2.1. Relative location of the sites in central Alberta (1 = bog and poor
fen, 2 = wooded-rich fen, 3 = sedge fen and 4 = extreme-rich fen).
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Fig. 2.2: Comparison of moss production
(mean +/- SE) assuming 100% cover of
ground layer by dominant species at five
sites (PF = poor fen, WRF = wooded-rich fen,
ERF = extreme-rich fen and SF = sedge fen) in
1991 and 1992. No error bars on 1991
estimated values (see methods).
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Fig. 2.3: Comparison of minimum seasonal
above ground herb production (mean +/- SE) in
five sites (PF = poor fen, WRF = wooded-rich
fen, SF = sedge fen and ERF = extreme-rich fen)
in 1991 and 1992,

33



250
—&— sedge fn 1991
fen =-<ffi-=~ extreme-rich fen
% 20 eessO---  wooded-rich fen
A Qe poor fen
50
% 1
z 100 -
e i ]
: o4 0 /.“a
g o f/
0 = —3
T T T
JUNE JULY AUG
MONTH OF HARVEST
250
eveefiy=—=  sedge fen 1992
fn ~wofl-=-~- extreme-rich fen
% 200 ....0--  wooded-rich fen
~ e~ poor fen
A
<
>
Q
o
-~
-]
-1
=
=]

MONTH OF HARVEST

34

Fig. 2.4: Above ground herbaceous biomass at
three monthly harvest periods in five peatlands
during the summers of 1991 and 1992.
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Fig. 2.5: Comparison of above ground terminal
shrub production (mean +/- SE) in five sites (PF
= poor fen, WRF = wooded-rich fen, SF = sedge
fen and ERF = extreme-rich fen) in 1991 and
1992.
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= poor fen, V- Ri' = . oded-rich fen, SF = sedge
fen and ERF = :xtreme-rich fen) in 1991 and
1992. Figures derived from Augusi herb
standing crop and terminal shrub production.
Shrub radial produciion and tree production not
included.
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Fig. 2.7: Comparison of total above grour! plant
production (vascular plants and mosse:; ir six
sites (OB = open bog, WB = wooded bog, PF =
poor fen, WRF = wooded-rich fen, SF = sedge fen
and ERF = extreme-rich fen). Bars represent
averages of 1991 and 1992, except estimated
tree production (where applicable) which is
based on the average of five year growth
increments.
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Fig. 2.8: Comparison of total shrub and tree
litter production (mean +/- SE) in six sites (OB =
open bog, WB = wooded bog, PF = poor fen, WRF
= wooded-rich fen, SF = sedge fen and ERF =
extreme-rich fen) during the period of May
1992 to May 1993.
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Table 2.3: Comparison of above ground tree biomass, production and
litter fall between the wooded bog and wooded-rich fen. Total tree
net primary production was estimated by combining biomass
production and litter fall. Biomass is in grams per square meter

while production and litter fall are in grams per square mecter per

year.

Component Wooded bog Wooded-rich fen
Above ground biomass

Picea mariana 592 39
Larix laricina 0 312
Total tree 592 351
Bi fucti

P. mariana 46 3
L. laricina 0 16
Total tree 46 19
Liner fall

P. mariana 8 2
L. laricina 0 23
Total irse 8 25
Total tree production 54 44
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Tabls 24: AmomeMWp.mnmpuyw)ofdﬂhmmudmlor
Nmmp.mnaumamumwmmu-uymwwwmaumm.

Peatland typs Location aad Source Latitude Moss Herd Shrud Tree Total

BOCS

Opea bog Alberta 54° 41' N 167 11 86 - 264
This study

Wooded bog Alberta 54° 41’ N 143 12 1 1] 54 297
This study

Muskeg Manitoba 49° S N 17 - 267 S8 342
Reador and Stswast (1972)

Bog Maaitoba 49° 53'N 55 - 308 L4 ] 371
Reader and Stewart (1972)

Raised bogs Minnesota 47 - 48° N 320 14 200 100 634
Grigal ot. al. (1985)

Perched bogs Minnesota 47° 30' N 380 22 43 310 758
Crigal ot al (1985)

Bog West Virginis 90T N 449 209 387 - 1045
Wieder et. al. (1989)

FENS

Poor fea Quebec 54° 43’ N 38 27 49 - 114
Partsch and Moore (1935)

Rich fea Quebec 54° 43 > 41 233 61 - 335
Bartsch and Moore (1985)

‘Transitionsl fea Quebec 4* 0 39 90 47 - 176
Bartsch sad Moore (1985)

Poor fen Alberta 5441’ N 123 54 134 - 310
This study

Wooded moderate- Alberta 54° 28° N 142 65 108 44 360

rich fen This study

Sedge fen Alberta S4° 28 M 43 163 ] - 214
This study

E :trvove-rich fom Alberta 53° 42’ N 149 89 6 - 245
This study

Lagg Manitoba 49* 53’ N 76 *300 *650 - 1026
Rezder and Stewart (1972)

Margioal fea Minsesots 45°N - 49 6 655 710
Relners (1972)

Leather loaf- Michigaa 4°N - 3 338 - 341

bog birch fen Richardsca oL sl (1976)

¢ production of stratum ostimated from data
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3. DECOMPOSITION ALONG A BOG-RICH FEN GRADIENT IN
CENTRAL ALBERTA, CANADA

Introduction

Peatlands are an important component in the global carbon
cycle because they store large amounts of organic carbon and
comprise a significant area of the boreal and sub-arctic regions in the
northern hemisphere (Gorham, 1991). Several authors have
suggested that peat accumulation is controlled by slow decomposition
rates rather than rapid net primary production rates (Clymo, 1965;
Malmer, 1986; Farrish and Grigal, 1988; Vitt, 1990). Decomposition
rates are reduced in peatlands because of unfavourable (anoxic, cold,
acidic or nutrient poor) environmental conditions (Bartsch and
Moore, 1985; Farrish and Grigal, 1988; Gorham, 1991) and/or poor
substrate quality (Brinson et al., 1981; Bridgham and Richardson,
1992).

Decomposition (or decay) are general terms that encompass a
number of processes. These include: organic matter losses by
leaching, micro-organism attack or removal by animals; loss of
physical structure and changes in the chemical constituents (Clymo,
1983). Methods which have been employed to quantify
decomposition in peatlands include measuring soil respiration
(Bridgham and Richardson, 1992), changes in peat macrostructure
(Johnson et al., 1990), the degree of humification (Aaby and Tauber,
1974; Malmer, 1986) and the C:N ratio of the peat (Malmer and Holm,
1984).

Perhaps the most common method of determining rates of
decomposition in peatlands has been to measure the weight loss of a
substrate (natural or artificial) placed in the peat over a period of
time. Numerous authors have investigated the decay of plant
material found on the site with most moss decomposition studies
focusing on Sphagnum (Clymo, 1965; Bartsch and Moore, 1985; Brock
and Bregman, 1989; Johanson et al., 1990; Rochefort et al., 1990;
Johnson and Damman, 1991). Less research has been done on “brown
moss” decay (Reader and Stewart, 1972; Vitt, 1990). Several vascular
plant decomposition studies have been carried out on minerotrophic
peatlands emphasizing above ground tissues of sedges or shrubs
(Chamie and Richardson, 1978; Bartsch and Moore, 1985; Ohlson,
1987; Moore, 1989; Verhoeven and Arts, 1992), while very few have
investigated vascular plant decomposition in bogs (Reader and



Stewart, 1972). Research on decomposition rates of boreal mires in
Western Canada has been scarce (Vitt, 1990).

To compare decomposition rates in a variety of wetland types
many researchers have used cellulose as a standard substrate
(Bartsch and Moore, 1535; Farrish and Grigal, 1985; Farrish and
Grigal, 1988; Lieffers, 1988; Verhoeven ef al, 1990; Santelmann,
1992; Verhoeven and Arts, 1992). Utilization of natural plant
material for this purpose has been rare (Ohlson, 1987; Lieffers, 1988;
Johnson and Damman, 1991). Natural material (e.g. Carex) provides a
source of nutrients (e.g. N, P and K) for the decomposers in addition
to carbon while the cellulose method provides only carbon.

This paper is part of a long term project investigating
decomposition in five different peatlands (bog, poor fen, open-rich
fen, wooded-rich fen and rich sedge fen) in central Alberta, Canada.
These peatlands represent the poor-rich vegetation gradient (sensu
Du Rietz, 1949) where numbers of indicator species, pH, base cations,
reduced conductivity and water flow all increase along the gradient
(Sjors, 1950; Malmer, 1986). The objectives of this study were to: 1)
measure the decomposition rates of dominant species in each site; 2)
relate differences in weight loss of litter types to substrate quality
(i.e. C:N ratios and percent N); 3) compare the rates of decomposition
in the sites as measured by weight loss of a common substrate type;
and 4) relate these differences to site environmental parameters.

Two major hypotheses were tested in this study with the first
related to substrate or tissue type. I hypothesize that the tissue
types with lower C:N ratios and greater percent N should decompose
faster in all sites because of greater N availability for decompesers.
The second hypothesis is related to environmental parameters. Rates
of decomposition as measured by a common substrate should
increase among the sites along the bog-rich fen gradient due to
higher pH which may favour decomposer activities.

Study area and site descriptions

The sites sampled include a bog, poor fen (PF), open moderate-
rich fen (ORF), wooded moderate-rich fen (WRF), and sedge fen (SF).
The bog and poor fen are located north of Bleak Lake, Alberta at 54°
41° N and 113° 28’ W, while the wouded- and open-rich fens (54° 28’
N, 113° 17" W) and sedge fen (54° 28’ N, 113° 20’ W) are east of
Perryvale (Fig 3.1). All study sites are located within the Boreal
Fovest Region of Canada (Rowe, 1972).
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The climate of the area is characterized by mild summers and
cold, snowy winters (Vitt et al., in press). The long-term mean annual
temperature (Environment Canada, 1982) is 1.7 °C for the area
(average of two weather stations: Meanook and Athabasca 2). The
total mean annual precipitation is about 500 mm. Climaie data for
the growing seasons of 1991 and 1992 compared to the long-term
average are summarized in Appendix 1. Table 3.1 lists means and
ranges of surface water parameters at the sites, while Figs. 4.2 and
4.3 (in Chapter Four) show water level fluctuations at the sites
(excluding ORF) during the 1991 and 1992 growing seasons. Details
of the vegetation and water chemistry are also described in Vitt et al.
(in press). Authority names follow Ireland er al. (1987) for
bryophytes and Moss and Packer (1983) for vascular plants. Cover
values of the dominant species were estimated in 10 by 10 m plots.

General descriptions of the sites are as follows:

Bog
This site is a large, raised ombrotrophic island within a

peatland complex bordered by a poor fen water track. The peat
surface is raised about 0.3-0.5 m above the associated water track
and is composed of large, dry hummocks separated by a few wetter
hollows. This peatland has a sparse tree layer of small Picea mariana
(Mill.) BSP. covering about 25% of the area with an ericaceous shrub
stratum dominated by Ledum groenlandicum Oeder with a cover
value of about 75%. The moss layer is dominated by Sphagnum
fuscum (Schimp.) Klinggr. with a cover of about 90%.

Poor Fen

This fen is the water track adjacent to the bog island. The poor
fen has a hummocky microtopography, but is wetter than the bog,
with open water usually present in some areas during the ice-free
season. This site has a well-developed shrub layer of Betula pumila
L. var. glandulifera Regel. (40% cover) and Salix pedicellaris Pursh
(20%). The herb layer is dominated by Smilacina trifolia (L.) Desf.,
Menyanthes trifoliata L. and Carex species. The ground layer has a
Sphagnum cover of about 90% with S. zeres (Schimp.) Aongstr. ex C.
Hartm. and S. angustifolium (C. Jens. ex Russ.) C. Jens. in Tolf, the
most common species.

Open-Rich Fen
This moderate-rich fen is located on a floating mat surrounding
a small lake. The peat surface is a uniform carpet, about one meter
thick, that fluctuates with the water level of the associated pond.
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This site is largely sedge-dominated with Carex lasiocarpa Ehrh., C.
diandra Schrank and C. chordorrhiza Lf. the most common species.
The dominant mosses are Drepanocladus vernicosus (Mitt.) Warnst.,
Calliergonella cuspidata (Hedw.) Loeske and Calliergon giganteum
(Schimp.) Kindb.

Wooded-Rich Fen

This site forms a grounded, forested fen adjacent to the open-
rich fen. The peat surface consists of large hummocks and wet lawns,
with pools of water present during much of the season. This
moderate-rich fen has an open trec canopy dominated by Larix
laricina (Du Roi) K. Koch (25% cover), while Betula pumila var.
glandulifera is the dominant shrub with a cover of 30%. The dwarf
shrub layer is also well-developed (25%) with Oxycoccus microcarpus
Turcz. and Andromeda polifolia L. the most important species. The
herb layer has a cover of about 20% and includes mostly Carex
species and Menyanthes trifoliata, while the ground layer is brown
moss-dominated with Tomenthypnum nitens (Hedw.) Loeske
covering about 75% of the study area.

Sedge Fen
This peatland is situated in a former north-south drainage

channel that presently contains several large bodies of open water,
separated by large expanses of sedge-dominated wetlands. The
microtopography is mainly flat with a few isolated, small hummocks
constituting less than 5% of the surface. The site was inundaied with
water for most of 1991, and therefore has characteristics of a marsh,
but began to dry out during the 1992 season. Vitt et al. (in press)
designated this site as an extreme-rich fen and that it is probably
transitional between a moderate- and extreme-rich fen. The vascular
plant vegetation is almost completely sedge-dominated with Carex
lasiocarpa and C. diandra the two most important species. The moss
layer is discontinuous covering only about 75% of the surface.
Drepanocladus aduncus {Hedw.) Warnst. (65%) is the dcminant
species, forming mats at the bases of sedge plants.

Methods
Decomposition measurements

Aerial portions of the dominant moss species from each site
(except the sedge fen) and Carex species (local Carex) from the fens
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were collected on September 16, 1990. Leaves and young branches
(upper 15 cm) of the dominant shrub (Betula pumila var.
glandulifera) were also collected in the poor fen and wooded-rich
fen. All vascular plant samples appeared to be senescent at the time
of collection. After oven-drying at 60 °C for 24 hours, 0.3-2.7 g
samples of dried moss or Carex were placed in weighed nylon mesh
bags (approximately 2.5 x 2.5 cm, 1 mm mesh). Betula samples
contained 0.55 g of lcaves and 0.45 g of stems for a total of 1.0 g per
bag. The decomposition bags were placed horizontally in the peat, at
their respective collection sites, so that the upper surface of each was
at ground level. During Cctober 1991 and 1992 at least five
replicates of each litter type were removed froni each site, except the
local Carex at the PF was not removed in 1992. Roots and debris
present in the bags were carefully removed with forceps. The bags
were then dried at 60 °C for 24 hours and weighed to the nearest
0.001 g.

To compare decomposition between all the sites one standard
species, Carex lasiocarpa (collected from the sedge fen), was used.
This C. lasiocarpa litter was placed into all the sites following the
same procedures as above.

The percent weight loss (k') over a period of one or two years
was expressed using the following equation (cf. Reader and Stewart,
1972; Bartsch and Moore, 1985):

k’=Xo -X (100)
Xo

where Xo represents the initial dry litter mass before decomposition
and X the final dry litter mass after removal from the field.

C/N analyses

Methods used to analyze tissue samples for carbon and
nitrogen follow those in Bayley and Szumigalski (under review).
Plant samples were ground and analyzed for total C and total N using
a Model 440 Elemental Analyzer (Control Equipment Corp.). Amounts
were expressed as %N (percent N) and %C (percent C) of total dry
weight and C:N ratios were determined by dividing %C by %N for
each sample. Initial %C, %N and C:N values were derived from
averages of thiee samples of each litter type collected, while final
values of these parameters were determined from the incubated
samples removed after either one or two years of decomposition.
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Water levels

Water level fluctuations were monitored at each site (except
ORF) with Steven’s F water level recorders and manually with
permanently attached meter sticks during most of the ice-free
season. The average water lev~! relative to the moss surface at each
site was determined by calculating the mean of the daily water table
depths for each year. The daily water table depth was defined as the
relative position of the water table at approximately noon each day.

Water chemistry

Measurements of surface water pH and temperature were done
in the field monthly using a Beckman pH meter and thermometer.
The open-rich fen was only sampled in 1991 and not 1992. Water
samples for laboratory analysis were collected concurrently. As much
as possible, the readings and samples were collected from the same
locations (holes dug in the peat) within each site. Conductivities were
measured in the lab within 24 hours of collection and corrected for
pH and standardized to 20 °C (Sjérs, 1950).

Chemical analyses of water samples follow the methods of Vitt
et al. (in press). All samples were filtered initially with glass fibre
(GFC) filters. Base cations (Ca2+, Mg2+, Na+, K+) were fixed with 0.5 ml
of concentrated HNOj3 and analyzed with a Perkin-Elmer Atomic
Absorption Spectrometer. Nitrate, soluble reactive phosphorus (SRP)
and total dissolved phosphorus (TDP) samples were refiltered with a
0.45 pm millipore (HAWP) filter. Water samples for NO3- and NH4+
were analyzed on a Technicon Auto Analyser II within 24 hours of
collection. Total phosphorus (TP), SRP and TDP were measured by the
methods of Bierhuizen and Prepas (1985). Dissolved organic carbon
(DOC) was measured with a Model 1505 Programmable Carbon

Analyser.
Depth of oxidation

Measurements of oxidation depth followed the methods of
Bridgham et al. (1991). Steel welding rods of one m length were
nlaced in the sites (except ORF) in June 1992. A total of 8 rods (4 in
nummocks and 4 in holiows) were inserted into the peat at each site
exposing only the top 20 cm of the rod. One rod per microhabitat per
site was removed at monthly intervals and the depth of solid rust
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relative to the peat surface was measured. Depth of oxidation was
determined by averaging site microhabitats and all 4 measurements
from July to October.

Statistical analyses

Analysis of covariance (ANOCOVA) was used to test for
significant differences in weight loss between the litter types
(including the Carex lasiocarpa standard) incubated in the bog, poor
fen, open-rich fen and wooded-rich fen. Separate ANOCOVA tests
were performed on each of these four sites with the initial weight of
the litter in each bag as the covariate and the the final weight of the
litter after incubation as the dependent variable. Both of these were
log-transformed before the analyses. Mean comparisons of the final
weights of the various litter types within sites were made using
Tukey tests (Zar, 1984). A similar ANOCOVA was also done to test for
significant differences in the C. lasiocarpa standard litter weight loss
between all five sites.

Correlation analyses were performed between the C. lasiocarpa
standard percent weight loss (k’) after one year (all sites) and
various mean site parameters. Nitrate (NO3-), NH4+ and TP were
excluded from these analyses because there were no significant
differences (ANOVA) in surface water concentrations of any of these
parameters between sites in 1991. Correlations were also done
between k’ after one and two years with the initial and final C:N
ratios and %N of the dominant litter types within the five sites.

All analyses were performed on Systat version 5.2.1.

Results and discussion
Decomposition of dominant species at each site

There was a significant difference (p < 0.001) in weight loss
between the litter types in the bog, poor fen, open-rich fen and
wooded-rich fen. The dominant moss species consistently had the
lowest rate of loss (p < 0.001) compared to vascular plant litter, while
the local Carex litter always decomposed faster than Betula leaves
and stems (Fig. 3.2).

Other researchers have also reported differences in the rate of
decay between vegetation types. Reader and Stewart (1972) and
Bartsch and Moore (1985) found mosses to be more resistant to
decomp: :ition ‘% .  scular plants in peatlands, while Heal and
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French (1974) and Taylor et al. (1991) found similar results in
tundra and coniferous forest ecosystems respectively. Graminoid and
shrub leaves appear to decompose at similar rates (Reader and
Stewart, 1972; Chamic and Richardson, 1978; Bartsch and Moore,
1985). The slower rates of decay for Betula than Carex in this study
may be due to the presence of stems in the samples of the former.
Chamie and Richardson (1978) found B. pumila leaves to decompose
more rapidly than stems and attributed this to the greater content of
cellulose, hemicellulose and lignin in woody stems. Of all materials,
forbs seem to decompose the fastest (Moore, 1989; Slapokas and
Granhall, 1991; Taylor et al., 1991).

Moss litter weight 1osses ranged from 10% (Drepanocladus
vernicosus in the ORF) to 22% (Tomenthypnum nitens in WRF) in the
first year and from 16% (Sphagnum teres in the PF) to 32% (T. nitens
in the WRF) after two years. The two species of Sphagnum (S. teres in
the PF and S. fuscum in the bog) showed similar trends losing very
little additional mass after the first year (Fig. 3.2). This contrasts
with D. vernicosus which had a constant rate of loss over the two
years. The T. nitens litter decay rate was generally constant with
only a slight decrease the second year.

The average first year decomposition loss (k’) for Sphagnum
fuscum (14%) is high compared to other values reported in the
literature for this species. For example, Reader and Stewart (1972)
recorded values of only 0.1 and 1.7% for this peat moss in two
Manitoba peatlands. Rochefort et al. (1990) found S. fuscum lost 12%
after 14 months in north-west Ontario while Johnson and Damman
(1991) reported losses of 10.8-11.7% after 10 months in a Swedish
raised bog. Hummock sphagna such as S. fuscum are known to be
more resistant to decay than sphagna from hollows (Clymo, 1965;
Rochefort et al., 1990; Johnson and Damman, 1991; Jonnson et al.,
1992). In my study, S. teres (a hollow species from the poor fen) did
not decompose significantly faster than the S. fuscum on hummocks
in the adjacent bog. Bartsch and Moore (1985) also found no
difference between hummock and hollow sphagna in several
subarctic fens. In both of these cases it is impossible to separate site
differences from species differences.

The brown moss species in this study also decayed at slow
rates, although they had greater weight losses after two years than
the sphagna (Fig. 3.2). Decomposition of brown mosses has not been
studied as widely as Sphagnum. The moss species Hypnum pratense
W. Koch ex Spruce, in a lagg from south-east Manitoba, lost 23% in
one year (Reader and Stewart, 1972). Vit (1990) reported
decomposition rates for some extreme-rich fen species in Alberta
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which are comparable to results from the wooded and open-rich
fens. For example, Tomenthypnum nitens lost 32% after two years in
the WRF and averaged 33% after 30 months in the extreme-rich fens
of Vitt (1990). Similarly, Drepanocladus vernicosus lost 20% after two
years in the ORF while D. revolvens (Sw.) Warnst. lost 32% after 2.5
yetrs in Vitt’s extreme-rich fens. The D. vernicosus in my study was
one of the only species to show a constant weight loss over two
years. All the extreme-rich fen brown moss species recorded by Vit
(1990) showed rates that increased over time. These trends contrast
with the decay rates of Sphagnum (this study and Rochefort et al.,
1990) which lost very little additional weight after the first year.

The Carex litter had the fastest rate of decay in all sites, with
the local Carex losing weight more rapidly than the standard C.
lasiocarpa litter in the PF, ORF and WRF. The local Carex at the WRF
had the greatest overall k’ values losing 58% during first year and
74% after 2 years of decomposition (Fig. 3.2). During the same period
the ORF local Carex also had high losses of 50 and 65%, while the poor
fen local Carex samples lost 50% in the first year as well. The sedge
fen local Carex (C. lasiocarpa) had the slawest rate of decay losing
only 31% in the first year and 41% after iwe years.

The results of Carex weight loss aiter one year (31-58%) are
within the range of literature values reported for this genus in
peatlands. Bartsch and Moore (1985) cited a low value of 13.4% for C.
rostrata Stokes in a subarctic rich fen, while Ohlson (1987) reported
an 81% weight loss after one year for the same species in a spring
area (rich fen).

Betula pumila leaves and stems in the PF and WRF had rates of
weight loss that were intermediate to those of the moss and Carex
litters. At these sites weight losses of the shrub samples were
significantly lower than those of local Carex (p < 0.001), and although
lower, were not significantly different from those of the standard C.
lasiocarpa litter (p > 0.0S). Values of k’ for Betula samples were
similar in the poor fen (36% after one year, 49% after two years) and
wooded-rich fen (37% after one year, 43% after two years).

The Betula k’ values after one year in the poor and wooded-
rich fens (36-37%) are higher than those listed in other studies. For
instance, B. glandulosa Michx. leaves in subarctic fens lost only 16.6-
21.6% after one year (Bartsch and Moore, 1985). B. pumila leaves in a
Michigan fen also lost 37% (Chamie and Richardson, 1978); however,
this value is reduced to 27% when corrected for the proportion of
stem material (45%) used in this Alberta stu¢ (see methods).

The comparisons with other studies are complicated by several
factors: the degree of senescence and prior leaching (Ohlsor, 1987);
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the drying temperature used (Clymo, 1965); u.. depth of placement
(Farrish and Grigal, 1988; Santelmann, 1992); the length of the
growing season and for mosses (Clymo, 1965), the part of the plant
included (e.g. capitulum vs. stem). Differences in mesh size will also
affect the rate, with larger mesh sizes resulting in greater weight
losses (Brinson et al., 1981).

Substrate quality (%C, %N and C:N) of litter types

The initial carbon content (%C) in the litter from the
decomposition bags (Table 3.2) ranged from 28% (D. vernicosus in
ORF) to 41% (Betula in PF and WRF). The %C remained fairly constant
during the two years of incubation with values of most litter types
slightly greater after one year than either the initial values or those
after two years. The mosses tended to have lower %C than vascular
plant tissues at all stages of decomposition.

The nitrogen content (%N) showed greater change over time
than the %C (Table 3.2). Most vascular plant litter had increases in
%N over time while moss iitter was more variable. S. fuscum and T.
nitens tissues showed few changes in %N while S. teres showed
decreases and D. vernicosus showed increases in %N during the two
years. Ths vascular plant samples had higher %N than mosses with
initial values ranging from 0.76 to 1.13 for vascular species and from
0.65 to 0.78 for mosses. Bartsch and Moore (1985) also found that
vascular tissues had higher %N than Sphagnum tissues in sub-arctic
fens.

The trends in the C:N ratios of the various tissue types over the
two years were generally the inverse to those of the nitrogen content
(Table 3.2). Malmer and Holm (1984) also found that the variation in
the C:N ratio within a bog peat profile was opposite to and reflected
the variation in N content.

Initial C:N ratios (Table 3.2) also varied according to litter type.
Moss and Betula samples tended to have higher initial ratios than the
Carex litter. The initial C:N ratios of the mosses ranged from 44.0 (D.
vernicosus) to 52.0 (S. fuscum). Betula pumila leaves and stems in
the PF and WRF had similar initial C:N ratios of 44.8 and 43.9
respectively. The initial ratios of Carex litter were relatively low
(32.7-34.4) in all sites except the C. lasiocarpa from the sedge fen
which had a surprisingly high value of 48.6.

In most cases the C:N ratio of vascular tissues decreased
gradually during the two years of decomposition. Verhoeven and
Arts (1992) also found the C:N ratio to decrease during
decomposition of Carex in Dutch fens. Reductions in the C:N ratio and
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increases in the N concentration of peat is a result of decay processes
(Malmer and Hol'n, 1984).

The C:N ratios of the moss species (excluding D. vernicosus in
the ORF) generally did not show this decreasing trend over time and
either remained fairly constant (S. fuscum and T. nitens) or increased
gradually (S. teres). Similarly, Brock and Bregman (1989) found that
the N content in decomposing S. fallax (Klinggr.) Klinggr. (= S.
recurvum) decreased in relation to the organic matter content over a
period of one year in the Netherlands. These results contradict those
of Bartsch and Moore (1985) who reported increases in the N content
of sphagna after one year of decomposition in subarctic fens.

After two years of decay, the local Carex litters tended to still
have the lowest C:N values (around 28). The Betula samples also had
relatively low ratios (28.3 in PF, 37.6 in WRF), while the moss tissues
had higher C:N ratios than the vascular tissues within their
respective sites. D. vernicosus had the lowest ratio (33.5) of the
mosses while the two species of Sphagnum had much higher ratios
(52.6 and 54.2) after two years.

Relationship of decomposition to substrate quality

Significant (p < 0.001) correlations were found between k' and
the C:N ratios and between k' and ihe N content of the dominant
litter types at the sites (Table 3.3). Percent weight loss after one and
two years was positively correlated with initial and final percent N
and negatively correlated with initial and final C:N ratios.

The negative correlations between weight loss and C:N ratios
and positive correlations between weight loss and %N are consistent
with other studies. Taylor et al. (1991) and Verhoeven and Arts
(1992) also found that litter with high initial C:N ratios (or low %N)
decomposed slowly. Other authors have also correlated weight loss
with initial P or K concentrations as well as N (Coulson and
Butterfield, 1978; Bartsch and Moore, 1985; Ohlson, 1987; Slapokas
and Granhall, 1991). The initial C:N or C:P ratio is important because
many litter types accumulate these nutrients (microbial
immobilization) during early decay (Verhoeven et al., 1990; Taylor et
al. 1991). At high C:N quotients (>20) net immobilization should occur
while at lower ratios net mineralization should prevail (Prentki et al.,
1978; Verhoeven et al. 1990). All of the litter types in my study
showed increases in %N in the initial stages of decomposition with
the exception of the mosses Tomenthypnum nitens, Sphagnum
fuscum and S. teres. The N content of S. fuscum and T. nitens
remained relatively constant over two years while that of S. teres
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mineralization may have taken place in these litter types even
though they had high initial C:N values (44-52). Net mineralization of
N has also been reported in Sphagnum peat with high C:N ratios
(Bayley and Szumigalski, under review; Malmer and Holm, 1984;
Verhoeven et al., 1990). Sikora and Keeney (1983) reported that
Sphagnum materials readily yield ammonium N even when poorly
decomposed. This might help to explain the relatively high
concentrations of NH4+ in the bog surface water (Table 3.1), as this
peatland is the most Sphagnum-dominated of all the sites.

Decomposition of standard litter type (Carcx lasiocarpa)

There were significant differences in weight loss of the
standard C. lasiocarpa litter between sites (p < 0.001). After one year,
the standard litter samples lost more weight in the bog (45%), poor
fen (45%) and wooded-rich fen (42%) than the samples in the open-
rich fen (33%) and sedge fen (31%) decomposition bags (Fig. 3.3).

After two years, the bog litter lost 46% of its original weight
which represents additional losses of only 1% during the second year.
These results contrast with those of the nearby poor fen which lost
another 17% in the second year for a two year total of 62%, the
highest of all the sites. Total percent weight losses after two years in
the rest of the sites were similar ranging from 41 to 50%. The sites
ranked: poor fen > wooded-rich fen > bog > open-rich fen > sedge fen,
in order of largest to smallest percent weight loss of the C. lasiocarpa
standard litter after two years of decay.

Farrish and Grigal (1988) and Verhoeven et al. (1990) both
found cellulose decomposition to be greater in fens than bogs. In
contrast, the bog standard litter in this study lost more weight than
the open-rich fen and sedge fen and the same amount as the poor
fen and wooded-rich fen after the first year (Fig. 3.3). However, the
fens lost much more additional weight than the bog during the
second year. Substantial amounts of the first year losses from the C.
lasiocarpa litter may have been due to the leaching of soluble organic
materials, as this is known to be a rapid process (Brinson et al., 1981;
Verhoeven and Arts, 1992). Ohlson (1987) found initial leaching
accounted for a 14% weight loss in Carex rostrata after one week
under laboratory conditions. The cellulose used in the above studies
(Farrish and Grigal, 1988; Verhoeven et al., 1990) probably did not
undergo as much initial leaching as the natural plant material (which
contains nutrients) in my study, which may partially explain the
different results.
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Other researchers have also made comparisons of decay rates
between poor and rich fens using the common substrate method.
Verhoeven and Arts (1992) found cellulose decomposition to be
greater in a rich fen than a poor fen, while Ohlson (1987) reported
greater Carex weight loss in a spring-fed rich fen than in a
Sphagnum-dominated intermediate fen. However, Bartsch and Moore
(1985) found no difference between sub-arctic poor and rich fens.
My results contradict most of these findings as the poor fen C.
lasiocarpa litter had greater weight losses than the litter in most of
the rich fens (Fig. 3.3). These contrasting results may again be due to
different standard substrates (cellulose vs. Carex) used as well as
other differences in methods, such as depth of placement and pre-
incubation treatment. These comparisons may also be obscured by
differences in climatic factors between study areas.

The changes in %C, %N and C:N of the C. lasiocarpa litter in the
sites (Table 3.4) were not related to differences in the decomposition
rates between sites (Fig. 3.3). The %C of the standard litter was
similar in all the sites after one year (38.5-42.0%) and after two
years (36.6-44.4%).

The %N showed much greater change over time, increasing in
all sites after one year and in most after two years. The sedge fen,
which had one of the slowest rates of weight loss, showed the
greatest increase in %N after two years, doubling from 0.76% to
1.53%. Conversely, the poor fen, which had one of the fastest rates of
weight loss after two years, had one of the lowest values of %N (1.24)
for the C. lasiocarpa litter after that period. These trends contrast
those for the dominant V:tter types (Table 3.2), where the most
decomposed material had greaizr %N values than the least
decomposed material.

In all cases the C:N ratio of the standard litter type decreased
gradually over the two year period. C:N ratios were similar in the
sites ranging from 31.5 to 38.2 after the first and from 28.4 to 335
after the second year.

Relation of decomposition to environmental factors

Of all the environmental characteristics measured at the sites,
water level had the best relationship with C. lasiocarpa weight loss
(Table 3.5). A significant negative correlation (r = -0.60, p < 0.001)
was found between the weight loss (k’) of C. lasiocarpa after one year
and the average position of the water table relative to the moss
surface during the growing season (Fig. 3.4).



56

Of the sites, the sedge fen had the lowest weight loss (31%)
during the first year. The surface of this site was also inundated for
most of the growing season in 1991, which probably caused anoxic
conditions to prevail. Anaerobic environments such as these are
known to be unfavourable for decomposition (Brinson et al., 1981;
Bridgham and Richardson; 1992). Studies of cellulose loss in bogs
have also shown decomposition to be slower under reducing
conditions and faster in hummocks than hollows (Farrish and Grigal,
1985; Santelmann, 1992).

Anoxic conditions, as indicated by the average depth of iron
oxidation at each site (see methods), also support the water level
data (Table 3.1). The depth of rust was greatest in the site with the
lowest water levels (bog) and least in the wettest site (SF). The poor
fen had a similar depth of rust as the bog even though the latter was
much drier than the former. This may be due to greater water
movement in the poor fen, since it is a water track, which may result
in more oxygenated surfsce water (Malmer, 1986). This potentially
enhanced aeration might also partially explain the rapid weight loss
of the standard litter in this fen after two years.

In sites other than the sedge fen the water table was usually
well below the s:.iace so that the decomposition bags shouid have
been above the highly reducing conditions for most of the time.
However, Farrish and Grigal (1985) suggested that even at incubation
levels above the water table, capillary action may fill micropores
near the surface, thus reducing aeration and microbial respiration.

Farrish and Grigal (1985) alse found lower spring and summer
soil temperatures in hollows compared to hummocks, which may also
explain their slower rates of decomposition for the hollows. Several
others (Clymo, 1965; Brinson et ai., 1981; Lieffers, 1988; Bridgham
and Richardson, 1992; Hogg et al, 1992; Santelmann, 1992) have alto
discussed the inhibitory effects of low temperatures on
decomposition. Although not measured in this experiment, soil
temperature may have accounted for some of the variation in the
decomposition data.

Significant inverse relationships (Tablc 3.5) were also found
between the decomposition of the standard litter and characteristics
related to th: acidity-alkalirity gradient (pH, rc¢ .uced conductivity,
Ca2+, Mg2+ and Nat+). Dissolved organic carbon (which decreases with
sitt. pH) had a significant positive correlation with the decay rate.
These results contrast others who have suggested that environments
of low pH ar: unfavourable to decomposition (Farrisa and Grigal,
1988; T6th and Zlinszky, 1989; Verhoeven et al., 1990). However,
Farrish and Grigal 71988) and Bridgh:n and Richardson (1992)
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found only anaerobic decay to be inhibited by low pH while aerobic
decomposition was either unaffected or slightly enhanced by
increased acidity. Except for the sedge fen in 1991, anoxic conditions
were not evident at the site surfaces where the decomposition bags
were placed. Decay of the C. lasiocarpa standard litter may not have
been inhibited in the sites with low pH (bog, PF) because these sites
were well-aerated. In this study, it is difficult to separate the
influence of water levels and the pH-related characteristics because
they are correlated.

Correlations of standard litter (C. lasiocarpa) percent weight
loss with major nutrient concentrations in the surface water were not
as strong as the relationships with water level and pH-related
parameters (Table 3.5). A positive correlation was found between
TDP (r = 0.42, p < 0.01) and the percent weight loss of C. lasiocarpa
after one year. There were no significant relationships between
weight loss and K+ or SRP. Nitrate, NHs+ and TP were excluded from
the analyses because their concentrations did not differ significantly
between sites (see methods).

The positive correlation between TDP in the surface water and
first year C. lasiocarpa k’ suggests that decomposition may be
enhanced by nutrient-rich conditions. However, these results should
be interpreted with caution since the correlation with TDP was a
weak one. Nevertheless, elements dissolved in surface waters should
supplement the nutrient demands of decomposers (Brinson et al.,
1981) and therefore nutrient-rich environments should favour
decomposition (Clymo, 1983).

Slapokas and Granhall (1991) found that alder leaves in
heavily fertilized plots on a low-humified peat bog in Sweden
decomposed more rapidly than in poorly fertilized plots and Coulson
and Butterfield (1978) demonstrated that nitrogen additions
increased the decay rate of Sphagnum recurvum. However,
Verhoeven and Arts (1992) reported lower cellulose decomposition
in a fen that had higher ievels of phosphates and greater rates of
phosphorus and nitrogen mineralization than in one that had lower
rates. Other enrichment experiments done on wetlands also appear to
contradict the hypothesis that nutrient-rich wetlands have higher
decomposition rates. The “fertilizing” effect of artificial acidification
(NO3- and SO42-) had no apparent effect on the decomposition rates of
Sphagnum in northeastern Ontario (Rochefort et al., 1990) and N and
P enrichments did not increase respiration in soil from southern
peatiands (Bridgham and Richardson, 1992). As well, in a Florida
marsls. Bayley et al. (1985) found that nutrient loading had no cffect
or :ie.omposition.
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Conclusions

in this study, differences in the decomposition rate were
observed between tissue types and sites. These differences can be
partially explained by variation in the chemical composition of the
litter types within sites and by the environmental factors between
sites.

The hypothesis of increased decomposition in the native litter
with higher N and lower C:N ratios was supported by the results.
Weight losses after both one and two years were negatively
correlated with initial and final C:N ratios and positively correlated
with initial and final %N. Rates of decay within sites differed
according to litter types with Carex > Betula > mosses.

The hypothesis of increasing decomposition from bog to rich
fens was not supported by the decay results of the standard litter.
After one year, weight losses of C. lasiocarpa were negatively
correlated with water levels and pH-related parameters and
positively correlated with surface water concentrations of TDP.
Although the bog and poor fen lost the most weight after one year
(45%), the former had negligible losses during the second year while
the latter continued to lose weight rapidly. After two years, the sites
ranked poor fen > wooded-rich fen > bog > open-rich fen > sedge fen
in order of fastest to slowest rate of weight loss of the standard litter
type.

All these results suggest that substrate quality may be more
important than environmental variables in controlling decomposition
in continental, boreal bogs and fens, as the degree of decomposition
in fen peat is much greater than that of bog peat (Malmer, 1986).
Bartsch and Moore (1985) found similar results in sub-arctic
peatlands.

If peat accumulation is controlled more by decomposition than
production, then it is expected that Sphagnum moss-dominated
systems such as the bog will accumulate peat faster than systems
with greater herbaceous growth (rich fens).
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Table 3.1:

68

Means (ranges) of surface waler characteristics st five sites. Chemical parameters were
measured monthly during the 1991 (n = 5) and 1992 (n = 6) ice-frez seasons. *Open-Rich Fen

measured in 1991 only, **depth of oxidation determined at sites in 1992 only, + = water table was

sbove surface. (SRP = soluble reactive phosphorus, TDP = total dissolved P, TP = total P, DOC =

dissolved organic carbon)

pat:.meter Bog Poor Fen *Open-Rich Fen Wooded-Rich Fen _ Sedge Fen
field pH 3.86 4.98 5.82 6.06 6.53

(3.39 - 4.22) (428 - 5.22) (5.53 - 6.45) (5.68 - 6.57) (6.12 - 6.85)
reduced cond- -17.9 18.5 229 26.3 56.2
uctivity (us) (-32.8 - 3.8) (15.2 -26.5) (20.6 - 24.7) (17.6 - 40.7) (38.0 - 79.2)
Ca2+ (mgfl) 3.97 8.08 10.06 11.62 18.35

23 -595 (52 - 11.7) 7.7 - 11.9) (8.0 - 22.5) (7.2 - 35.8)
Mg2+ (mg/l) 1.36 5.12 4.91 5.13 6.63

0.8 - 2.4) (3.4 -179 (44 - 52) (3.6 - 6.6) (2.3 - 12.2)
Na+ (mgfl) 1.78 2.34 2.24 2.16 4.59

(1.3 - 2.3) (1.9 - 31 (1.8 - 3.0) (1.8 - 2.5) 2.8 - 74)
K+ (mg1) 0.91 1.57 0.47 0.35 1.13

0.3 - 1.4) ©.1 -3 0.2 - 0.8) 0.1 - 0.7) 0.3 - 2.3)
NO3- (ugh) 8.9 10.6 13.5 8.7 7.1

(3.4 - 244) 2.0 - 30.2) 4.1 - 33.3) (2.0 - 24.5) (3.1 - 14.7)
NH4+ (ugh) 41.8 20.5 26.0 19.1 20.7

(122 - 107.5) (29 - 57.9) (0 - 62.8) (2.1 - 34.9) (1.9 - 67.5)
SRP (ugh) 16.0 71.7 9.9 24.4 5.55

(1.4 - 63.3) (1.8 - 166.0) (5.0 - 15.4) 3.2 - 147.4) (0.0 - 16.5)
TDP (ug/) 56.4 115.9 29.9 49.3 23.2

(21.4 - 152.9) (33.6 - 193.6) (24.7 - 31.5) (15.3 - 208.0) (10.0 - 36.6)
TP (ugl) 153.2 191.7 146.4 152.6 120.4

(343 - 386.8) (44.1 - 3923) (37.3 - 466.5) (27.5 - 357.2) (15.1 - 266.9)
DOC (mgh) 74.2 72.4 42.0 40.1 26.3

67 - 94) (56 - 94) (39 - 45) (22 - 56) (15 - 34)
Water table 42 24 6 29 0
depth (cm) 33 - 52 (12 - 34) - (13 - 39) (+20 - 16)
**1992 depth of 30.5 27.0 - 23.8 16.4
oxidation (cm) (19.2 - 43.3) (12.7 - 41.0) - (13.7 - 34.5) (0.5 - 31.0)
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Table 3.3: Coefficients (r) for the correlations of percent weight loss (k') with
tissue properties (final and initial %N and C:N) for the dominant litter types
in five peatlands (bog, poor fen, open-rich fen, wooded-rich fen, sedge fen).
The correlations were performed separately after one and two years of
decomyosition.

k' (after one year) k' (after two years)
Properties r r
Initial %N 0.908 = 0.868 **+*
Final %N 0.711 bk 0.710Q *
Initial C:N -0.786 *** -0.743 *x*
Final C:N ~0.673 ¥ -0.704 *&*

ws p < 0.001
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Table 3.5: Coefficients (r) for the correlations of first year percent weight
loss (k') of standard litter type(1) with mean site water level relative to
surface and various surface water parameters for 1991 in five peatlands
(bog, poor fen, open-rich fen, wooded-rich fen and sedge fen).
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Parameter r p
Water level -0.60 ok
pH -0.48 b
Reduced conductivity -0.50 ok
Ca2+ -0.47 i
Mg2+ -0.47 b
Na+ -0.48 b
DOC 0.51 ki
K+ 0.04 n.s.
SRP 0.29 n.s.
TDP 0.42 b
DOC = dissclved organic carbon ns. p > 0.05

SRP = soluble reactive phosphorus ** (.01 > p > 0.001
TDP = total dissolved phosphorus *** p < 0.001

(1) = Carex lasiocarpa
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4. NET ABOVE GROUND PRIMARY PRODUCTION IN
PEATLANDS OF CENTRAL ALBERTA IN RELATION TO WATER
LEVEL, SURFACE WATER CHEMISTRY AND PEAT
ACCUMULATION POTENTIAL

Introduction

Peatland systems are important to the global carbon cycle
because they sequester large amounts of carbon (Gorham, 1991).
Forestry Canada (1992) estimates that peatlands account for 60% of
all organic carbon stored in Canada. The accumulation of organic
carbon in these systems is the result of an imbalance between two
processes: net primary production (NPP) and decomposition. It is
generally believed that a reduced rate of decomposition, rather than
an accelerated rate of production, is responsible for the peat
accumulation in these wetlands (Clymo, 1965; Malmer, 1986; Farrish
and Grigal, 1988; Vitt, 1990). However, few studies have examined
the relative rates of total organic matter production and
decomposition simultaneously (Reader and Stewart, 1972; Bartsch
and Moore, 1985; Moore, 1989b).

The environmental controls (climate, hydrology, nutrient
inputs, etc.) of plant growth and decay (see Chapter 3) are poorly
understood (Gorham, 1982). Reader (1978) and Richardson (1978)
also emphasized the scarcity of research relating total production to
environmental parameters such as hydrology, soil and water
chemistry and climate. Forr ;t and Smith (1975) and Moore (1989b)
related NPP of mires to water levels, while other authors have
stressed the relationship between nutrient availability and
production in peatlands (Reader, 1978; Brinson et al., 1981; Bartsch
and Moore, 1985; Grigal et al.,, 1985; Backéus, 1990). The three most
important eler:unts that have been found to limit plant growth in
peatlands are N, P and K (Reader, 1978). Climate has also been shown
to have an important influence on production in wetlands (Gorham,
1974; Damman, 1979; Droste, 1984).

Most peat accumulation studies have focused on bogs (e.g.
Aaby and Tauber, 1974; Clymo, 1978), which are ombrotrophic
systems that receive nutrient inputs from precipitation only.
Research comparing the relative peat accumulation rates between
bogs and fens (minerotrophic systems “fed” by ground water as well
as precipitation) is scarce (Walker, 1970). Minerotrophic mires can
be further divided into poor (Sphagnum moss-dominated) and rich
(brown moss-dominated) fens. Bogs are reported to generally have
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greater peat accumulation rates than fens (Malmer, 1986; National
Wetlands Working Group, 1988), however, Reader and Stewart
(1972) found that a minerotrophic peatland (iagg) had a greater peat
accumulation rate than an ombrotrophic site (muskeg) in Manitoba.
These results (52 vs. 27 g/m2/yr) were based on long terra average
rates and not direct measurements of production/decomposition. A
shorter term investigation based on amount of original litter
remaining after one year of decomposition suggested that their bog
site had a greater peat accumulation potential than the lagg.

One objective of this paper is to relate the above ground
production of the various strata in five peatlands, representing the
bog-rich fen gradient (see Chapter 2; Vitt er al., in press), to
environmental parameters such as water level, water chemistry and
climate. The hypothesis is that the sites with the highest water levels
will be more productive due to greater water and nutrient
availability. A second objective is to estimate relative amounts of
above ground peat accumulation along this gradient. My hypothesis
is that the above ground peat accumulation potential will decrease
along the bog-rich fen gradient because decomposition rates will
increase relative to production rates.

Study area and site descriptions

Five sites were chosen to represent the bog-rich fen gradient of
peatlands present in the central Alberta area. The sites sampled
include a bog, poor fen (PF), wooded moderate-rich fen (WRF), open-
rich sedge fen (SF) and an extreme-rich fen (ERF). The bog and poor
fen are located north of Bleak Lake, Alberta at 54° 41’ N and 113° 28’
W, while the wooded-rich fen (54° 28’ N, 113° 17° W) and sedge fen
(54° 28’ N, 113° 20’ W) are located east of Perryvale (Fig 4.1}. The
extreme-rich fen is located south of Calahoo at 53° 42’ N and 113° 57’
Ww.

The climate of the area is characterized by mild summers and
cold, snowy winters (Vitt et al., in press). The long-term mean annual
temperature (Environment Canada, 1982) is 1.7 °C for the first four
sites (average of two weather stations: Meanook and Athabasca 2)
and 2.2 °C for the extreme-rich fen (average of four surrounding
weather stations). The total mean annual precipitation is about 500
mm for all sites. Climate data for the growing seasons of 1991 and
1992 compared to the long-term average are summarized in
Appendix 1. All study sites are located within the Boreal Forest
Region of Canada (Rowe, 1972). Descriptions of the vegetation and
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water chemistry are ailsc in Vitt ef al. (in press) for the first four
sites and in Rochefort (1987) for the extreme-rich fen. A more
complete listing of the composition of the herb and shrub taxa at
each site can be found in Appendices 2 and 3. Moss nomenclature
follows Ireiand et al. (1987) while that of vascular plants follows
Most¢ and Packer (1983). Cover values of the dominant species at
each site were estimated in 10 by 10 m plots.
General descriptions of the sites are as follows:

Bog
This site is a large, raised ombrotrophic island within a

peatiand complex bordered by a poor fen water track. The peat
surface is raised about 0.3-0.5 m above the associated water track,
and is composed of large, dry hummocks separated by a few wetter
holiows. This site was further divided into an open bog (OB) and
wooded bog (WB). The oniy difference between these sites is that
there is a sparse tree layer of small Picea mariana (Mill.) BSP.
covering about 25% of the wooded bog. The moss layer is dominated
by Sphagnum fuscum (Schimp.) Klinggr. with a cover of about 90%.
The bog had the lowest surface water pH (see methods) of ali the
sites (3.4-4.2) and an average peai depth of 5 m (determined by
steel rod).

Poor Fen

This fen is a water track adjacent to the bog island. The poor
fen has a hummocky microtopography and is wetter than the bog,
with open water usually present in some areas during the ice-free
season. This site has a well developed shrub layer of Betula pumila L.
var. glandulifera Regel. (40% cover) and Salix pedicellaris Pursh
(20%). The ground layer has a Sphagnum cover of about 90% with S.
teres (Schimp.) Aongstr. ex C. Hartm. and S. angustifclium (C. Jens. ex
Russ.) C. Iens in Tolf, the most common species. The surface water pH
varied between 4.3 and 5.2 during the study period, while the peat
layer was about 4 m thick.

Wooded-Rich Fen
This site forms the grounded, forested fen adjacent to a floating

mat fen which surrounds a small open pond. The peat surface
consists of large hummocks and wet lawns, with pools of water
present during much of the season. This moderate-rich fen has an
open tree canopy dominated by Larix laricina (Dv Roi) K. Koch (25%
cover). The ground layer is brown moss-dominated with
Tomenthypnum nitens (Hedw.) Loeske covering about 75% of the
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study area. Surface water pH ranged between 5.7 and 6.6 and the
peat averaged 4.5 m in depth.

Sedge Fen
This site is situated in a former north-south drainage channel

that presently contains several large bodies of open water, separated
by large expanses of sedge-dominated wetlands. The
microtopography is mainly flat with a few isolated, small hummocks
constituting less than 5% of the surface. The site was inundated with
water for most of 1991, and therefore has characteristics of a marsh,
but began to dry out during the 1992 season. Vitt et al. (in press)
designated this site as an extreme-rich fen and it is probably
transitional between a moderate- and extreme-rich fen. The vascular
plant vegetation is almost completely sedge-dominated with Carex
lasiocarpa Ehrh. and C. diandra Schrank the two most important
species. The moss layer is discontinuous covering only about 75% of
the surface. Drepanocladus aduncus (Hedw.) Wamnst. (65%) is the
dominant moss species, forming mats at the bases of sedge plants.
The pH of the water ranged between 6.1 and 6.9, while the peat

layer was 2-2.5 m thick.

Extreme-Rich Fen

This small, open, spring-fed fen consists of strings alternating
with flarks. Open marl (CaCO3) ponds cover about one third of the
site and were not included in the study. The dominant species, the
sedge Scirpus cespitosus L., covers about 50% of the study area. The
insectivorous Drosera rotundifolia L. and D. anglica Huds. are also
important components. The moss layer follows the typical sequence
for extreme-rich fens in Western Canada (Vitt 1990). From pools to
dry hummock this sequence is: Scorpidium scorpioides (Hedw.)
Limpr. - Drepanocladus revolvens (Sw.) Warnst. - Campylium
stellatum (Hedw.) C. Jens. - Tomenthypnum nitens. Together these
species make up 95% of the ground layer with C. stellatum (55%) the
most important. Surface water pH was high (7.8-8.4) and the average
peat depth was 2.5 m.

Methods
Water chemistry

Measurements of surface water pH and temperature were done
in the field monthly using a Beckman pH meter and thermometer.
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Water samples for laboratory analysis were collected concurrently.
As much as possible, the readings and samples were collected from
the same locations (holes dug in the peat) within each site.
Conductivities were measured in the lab within 24 hours of collection
and corrected for pH and standardized to 20 °C (Sjérs, 1950).
Chemical analyses of water samples follow the methods of Vitt
et al. (in press). All samples were filtered initially with glass fibre
(GFC) filters. Base cations (Ca2+, Mg2+, Na+, K+) were fixed with 0.5 ml
of concentrated HNOj3 and analyzed with a Perkin-Elmer Atomic
Absorption Spectrometer. Sulfate (SO42-) and Cl- were analyzed with
a Dionex Ion Chromatograph. Nitrate (NO3-), soluble reactive
phosphorus (SRP) and total dissolved phosphorus (TDP) samples
were refiltered with a 0.45 um millipore (HAWP) filter. Water
samples for NO3- and NHs+ were analyzed on a Technicon Auto
Analyser II within 24 hours of collection. Total phosphorus (TP), SRP
and TDP were measured by the methods of Bierhuizen and Prepas
(1985). The ratios of inorganic N to inorganic P (N:P) were calculated
by dividing the sum of NO3- and NH4+ by SRP for each sample. The N
and P values were first converted from pg/l to peq/l following the
methods of Hem (1970). Alkalinity was analyzed by an electrometric
titration technique using the phenolphthalein technique
(Environment Canada, 1979). Dissolved organic carbon (DOC) was
measured with a Model 1505 Programmable Carbon Analyser.

Water levels

Water level fluctuations were monitored at each site with
Steven’s F water level recorders and manually with permanently
attached meter sticks during most of the ice-free season. Water level
measurements in the extreme-rich fen site were only taken in 1992,
not in 1991. The average water level relative to the moss surface at
each site was determined by calculating the mean of the daily water
table depths for each growing season. The daily water table depth
was defined as the relative position of the water table at
approximately noon ecach day.

Depth of oxidation

Measurcments of oxidation depth followed the methods of
Bridgham et al. (1991). Steel welding rods (one meter in length) were
placed in the sites in June 1992. A total of 8 rods (4 in hummocks
and 4 in hollows) were inserted into the peat of each site exposing
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only the top 20 cm of the rod. Due to the diversity of
microtopography at the ERF, 12 rods were placed into the pea. (4 in
strings, 4 in lawns and 4 in carpets). One rod per microhabita, per
site was removed at monthly intervals and the depth of solid . st
relative to the peat surface was measured. Depth of oxidation w. -
determined by averaging site microhabitats and all 4 measurements

from July to October.
Production measurements

Detailed explanations of the methods used in the production
measurements for the moss, herb, shrub and tree strata and litter
are in Chapter 2.

Moss growth and production were measured in 1991 and 1992
by the cranked wire method of Clymo (1970) in all sites except the
sedge fen. Moss production was determined in the sedge fen by
harvesting the live moss mat in quadrats and then estimating the
new growth by innate markers.

Herb and shrub production were measured by the clipped
quadrat method in the same randomly placed 50 cm by 50 cm (0.25
m2) quadrats in 250 m2 plots adjacent to those used to measure moss
production. Harvest periods were in late June, late July and late
August in 1991 and 1992.

Tree biomass and production (biomass increment) were
estimated in the wooded bog and wooded-rich fen using the
regression equations in Table 2.3 (Chapter 2). Tree radial growth was
measured with a Digimic machine. Amounts of annual tree litter fall
were added to biomass increments to arrive at total above ground
tree production figures.

Shrub and tree litter fall were measured in circular litter traps
placed randomly in plots adjacent to the vascular plant plots. Litter
production was measured over a cne year period from May 1992 to

May 1993.

Statistical analyses

Major nutrient (N, P and K) ion concentrations in the surface
water were tested with 2 randomized-block ANOVA (site and year as
factors). Paired t-tests were used to test for differences in water
levels at sites and radial increment in trees between 1991 and 1992.

Simple correlations were done between August herb and
terminal shrub biomass (both square root-transformed) and between
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each of these strata and mean site water level and chemical
parameters. These correlations were performed separately for 1991
and 1992 data.

Statistical analyses were perfurmed with SYSTAT version
5.2.1.

Decomposition measurements

Methods for determining decomposition rates are described in
detail in Chapter 3. Percent of original weight lost (k’) of the
dominant species was measured using 2.5 x 2.5 cm, nylon, 1 mm
mesh bags placed just below the surface at the sites in October 1990
and retrieved one or two years later.

The total site decay rates (percent weight loss) of above ground
litter were estimated in the bog, poor fen, wooded-rich fen and sedge
fen by combining the production and decomposition data. Total moss
production values from each site were used to estimate moss litter,
while Carex litter was estimated from minimal seasonal production
(see Chapter 2). Minimum seasonal production was used because it
was believed to be a better estimate of the Carex litter present at the
end of ihe growing season than peak standing crop, which would
tend to over-estimate the litter. Betula litter production in the poor
and wooded-rich fens was estimated from the annual amount
measured in the litter traps. The moss, Carex and Betula accounted
for 73-84% of the total annual above ground litter produced in the
sites and were designated as the “measured litter types” because
their decomposition rates were calculated (see Chapter 3 for more
details). The tot:l site decay rate was determined by dividing the
sum of the absolite amount of weight lost (g/m2) from the measured
litter types (after one or two years of decay) by the sum of the litter
production (g/m2/yr) of the measured litter types. This figure was
then multiplied by 100 to arrive at percent weight loss. The weight
loss of the remaining 16-27% unmeasured litter at each site was
estimated using the to:al site decay rate based on the measured
species (cf. Reader ané Stewart, 1972).

Since the poor fen {ocal Carex was not removed ir 1992 the C.
lasiocarpa standard k’ (see Chapter 3) was used instead to estimate
local Carex decomposition aiter two years, as the two litter types had
similar k’ values after one yea: in this site.
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Peat accumulation potential measurements

Production/decomposition ratios were determined by dividing
average total site above ground NPP (g/m2/yr) by the absolute
amount of weight lost (g/m2/yr) from the original tissues after one
year of decomposition, as estimated from the total site decay rate.

The wcights (g/m2) of original litter remaining after one and
two years of decomposition were also determined from the site
decay rates. The absolute amount of litter decomposed (g/m2) was
subtracted from the original weight of litter produced to arrive at the
absolute amount of above ground litter remaining (g/m2) after both
one and two years of decay.

Results and discussion
Environmental characteristics of the sites

The pH, reduced conductivity, alkalinity, Ca, Mg and Na of the
surface water all increased along the bog-rich fen gradient (Table
4.1). The major nutrient ions (N, P and K) did not show the same
trend. Potassium concentrations were significantly different between
sites and highest in the ERF and lowest in the WRF. Although the bog
appeared to have a higher mean NH4+ concentration than the rest of
the sites, surface water concentrations of both NO3- and NH4+ did not
differ significantly between sites (p > 0.05). Nitrate was the only
major nutrient ion to show a significant difference in concentration
between years (p < 0.01) and was greater in 1991 than 1992. All
determinations of P differed significantly between sites (p < 0.05),
with the poor fen having the highest concentrations of SRP, TDP and
TP. The sedge fen had the lowest SRP and the extreme-rich fen had
the lowest TDP and TP. The poor fen and the wooded-rich fen had
the lowest N:P ratios, while the sedge fen and the bog had the
highest. The extreme-rich fen and bog were the only sites to have
any measurable quantities of SO42-, with the ERF having much
greater concentrations. Chloride ion (Cl-) concentrations also showed
no distinct trend along the gradient and were greatest in the WRF
and lowest in the bog. Dissolved organic carbon (DOC) decreased
along the bog-rich fen gradient. Surface water temperature increased
along the gradient.

A more detailed study of annual and seasonal fluctuations in
the water chemistry of these sites is found in Vitt et al. (in press).



Water table height (Figs. 4.2 and 4.3) was lov. :. . . bog and
highest in the sedge fen and sites tended to becomc -a:.. along the
bog-rich fen gradient. All sites were significantly . - during the
growing season of 1991 than 1992. Depth of oxida..... iollowed the
same basic trend as water levels with the drier sites generally
having a deeper mean depth of rust (Table 4.1).

Moss production in relation to environmental factors

All sites (excluding the sedge fen) had similar moss production
averages, ranging from 123 to 167 g/m2/yr (Fig. 4.4). The sedge fen
had the lowest moss NPP (43 g/m2/yr). This site was the wettest of
all the peatlands and was inundated for most of the first year and
part of the second (Figs. 4.2 and 4.3). Water levels rose rapidly in the
spring of 1991 and peaked at 20 cm above the surface on July 1st
and then declined steadily over the rest of the season and the next
year to a minimum of 16 cm below the surface at the end of October
1992. Laitinen (1990) suggested that flooding coupled with a drop in
water lcvel and desiccation results in poor moss cover and low
bryophyte production.

Moss production in all sites was greater in 1991 than 1992 (Fig.
2.2 in Chapter 2). Water levels in all sites were also significantly
higher in 1991, averaging 2-3 cm more in the first year in most
peatlands. The SF was an average of 14 cm higher during the first
year. Brock and Bregman (1989) also found a correlation between a
high water table and Sphagnum growth and production, while
Wieder and Lang (1983) and Backéus (1988) discussed the
desiccation of Sphagnum associated with low water levels. Forestry
experiments in which peatlands were drained have also resulted in
reduced vigour and production of both sphagna and brown mosses
(Vasander, 1982; Hillman et al., 1990).

Even though moss production was greater in the sites during
the wetter year (1991) compared to the relatively dry year (1992),
there was no evidence of increased production in the sites with
higher water levels compared to drier sites. Several authors have
found greater moss production in wet sites or microhabitats such as
lawns and pools as opposed to dry hummocks (Forrest and Smith,
1975; Vitt and Pakarinen, 1977; Hulme and Blyth, 1982; Wallén et
al., 1° .8; Moore, 1989a). However, Bartsch and Moore (1985) and
Vitt (1990) reported that moss NPP on hummocks was greater than
or equal to that of hollows in poor and rich fens.

Correlations have also been made between moss production
and precipitation (Backéus, 1988; Moore, 1989a; Vitt, 1990).
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Although water levels were higher at the bog, PF, WRF and SF in
1991, this trend was not reflected in the precipitation records from
the nearby Athabasca weather station (Appendix 1). Total
precipitation at Athabasca was very similar during the May-October
period in 1991 (313 mm) and 1992 (317 mm) but was much greater
at the ERF in 1991 (372 mm) versus 1992 (220 mm). Backéus (1988)
states that the timing of precipitation may be more important than
the total amount of precipitation. He found correlations between
Sphagnum growth and total June precipitation and number of days in
June with precipitation. The Alberta data also appear to support this
relationship between moss growth and June precipitation. Rainfall in
June (Appendix 1) was much higher in 1991 (100 mm at Athabasca;
98 mm at the extreme-rich fen) than in * - (55 mm at Athabasca;
21 mm at the ERF). There were also mo . in June with

. ccipitation at Athabasca and the ERF i 91 than in 1992.

Moss production has also been correlated with air temperature
in peatlands (Brock and Bregman, 1989; Moore, 1989a). Wieder and
Lang (1983) found that Sphagnum production generally increases
with decreasing latitude while Moore (1989a) correlated Sphagnum
production with mean annual temperature. Higher mean
temperatures (11.9 °C) from May to October and more growing
degree days (1467) were observed in 1991 than the same period in
1992 (10.8 and 1208 respectively). Therefore, temperatures were
probably more favourable for moss growth during the first year.

Several studies have also shown that moss growth in peatlands
may be N- or P-limited (Brock and Bregman, 1989; Malmer, 1990;
Rochefort et al. 1990; Vitt, 1990; Aerts et al. 1992). Although the
effects of nutrients on moss growth were not directly tested in this
study, surface waters were regularly monitored for N and P (Table
4.1). There was no significant difference in levels of either NO3- or
NHg4+ between sites but there was significantly (p < 0.01) more NO3-
present in the surface waters in 1991 than in 1992. This difference
in NO3- was two-fold and corresponded with the greater moss
production at all sites in the first year.

Herb production in relation to environmental factors

There was much greater variation in herb than moss
production between sites. Average above ground herb production
ranged from 11-12 g/m2/yr in the bog to 163 g/m2/yr in the sedge
fen (Fig. 4.4).

Maximum biomass of herbs correlated positively with water
level, pH, reduced conductivity, Ca, Mg and Na and negatively with
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DOC (Table 4.2). Herb production was not correlated with K or P
except in 1992 when there was a weak negative correlation with
surface water levels of TDP. Most of these parameters are strongly
correlated with each other. For instance, most base cations and
conductivity are related to the pH gradient (Malmer, 1986; Vitt et al.,
in press), while DOC is negatively correlated with this gradient.

Water level is the most consistent parameter that correlates
with herb production (Fig. 4.5). One explanation of this relationship
between herb growth and site wetness is that herbs (especially
sedges such as Carex lasiocarpa) appear to be more tolerant of
flooding and desiccation than species of shrubs (Laitinen, 1990).
These conditions were most prevalent at the SF and ERF, the sites
with greatest herb production. Further evidence of the importance of
water level is apparent in the annual comparisons of herb NPP at the
sedge fen (Fig. 2.3). A drop of 14 ¢cm in mean water level from 1991
to 1992 at the SF corresponded witt ‘0% reduction in peak herb
standing crop from 203 to 122 g/m.

Drainage experiments on peatianus have also resulted in
reduced cover and production of sedges and other herbs (Vasander,
1982; Hillman et al., 1990). Similar relationships between water level
and herbaceous growth have been demonstrated in other wetland
types. For example, Lieffers and Shay (1982) related the standing
crop of the sedge Scirpus paludosus A. Nels. to mean water depth in
prairie saline marshes and Richardson (1978) reported that the
extremely productive northern Typha and Scirpus marshes were
generally present in areas of deeper standing water than the less
produciive Carex marshes.

{here were no relationships between nutrient concentrations
in rbe surface water nd herb peak standing crop (Table 4.2), except
for sa° ver weak negative correlation (TDP in 1992). Similarly,
V:-weer and V=rhoeen (1987) found no correlations between
bioi:z»3 zud N, P o1 K in the soil of herb-dominated me otrophic fens
in the Netherlands. However, they and Verhoeven et al. (1983) did
find a positive correlation between shoot biomass and the amounts of
N, P and K within the vegetation. These two studies also
demonstrated that N and to a lesser extent P were limiting to herb
production in Dutch mesotrophic fens. Wheeler and Shaw (1991)
have also suggested that herbaceous growth in rich fens may be
limited by P, while Vasander (1982) reported that fertilization with
N, P and K increased the production of the sedge Eriophorum
vaginatum L. in hollows in a Finnish bog.

Substantial relationships between surface water nutrient
concentrations and herb biomass may not have been found because
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differences in production may be related more to rates of N and P
mineralization than amounts of nutrients measured in the water
(Verhoeven et al., 1983; Koerselman et al., 1990). Rate of nutrients
supplied per unit time by flowing water may be more important
than the concentration and competition may also obscure the effects
of purely chemical factors (Gorham, 1950).

Temperature is also an important factor influencing herbaceous
production. For instance, Gorham (1974) related Carex production to
summer temperature while Droste (1984) correlated Carex gracilis
CURT. standing crop with growing degree days. Bernard and Gorham
(1978) also found that the above ground NPP of sedge wetlands in
North America declines with increasing latitude. In all the sites,
except the bog, peak herb standing crop was greater in the warmer
year (1991). This year also had higher water levels than 1992,
therefore, it is difficult to draw conclusions about the influence of
temperature on herb growth in this study.

Shrub production in relation to environmental factors

Shrub production also varied greatly between sites ranging
from 6 g/m2/yr in the extreme-rich [=n to 134 g/m2/yr in the poor
fen (Fig. 4.4).

In contrast to herb production, shrub terminal production was
negatively correlated with water level, pH, conductivity, Ca, Mg and
Na and positively correlated wit'" DOC for both years (Table 4.2).
Shrub production was also positively correlated with concentrations
of P (SRP, TDP and TP) in the surface waters. The only parameter to
show a different relationship in both years was K which had no
relationship in 1991 but a significant negative correlation in 1992.

As further evidence of the contrasting respons:s of herbs and
shrubs, correlations were also performed between the August herb
biomass and shrub terminal biomass (leaves and current year’s stem
growth) present in the clipped quadrats (Fig. 4.6). There was a
significant negative correlation between the two strata in both 1991
(r = -0.70, p < 0.001) and 1992 (r = -0.72, p < 0.001).

Water level appeared to be the most consistent parameter
measured that correlated (negatively) with shrub production over
the two years (Fig. 4.7). The two wettest sites (SF and ERF) had
minimal shrub cover and therefore low shrub biomass and
production. In the three sites with substaatial shrub cover (bog, PF
and WRF) shrub production was also higher in the year with lower
water levels (1992), however, these differences were not significant.
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In a subarctic fen, Moure (1989b) also measured very low
shrub production and biomass in pools and flarks as opposed to
strings which had much greater shrub cover than the former
Labitats. Vasander (1982) and Hillman et al. (1990) both found
increased shrub growth in peatlands after drainage. Vasander (1982)
found draining increased the dwarfi shrub layer but had no
significant affect on the tall shrub/small tree layer. Hillman et al.
(1990) reported diminished cover and vigour or no change for
ericaceous shrubs but an increase in growth for deciduous shrubs.
Some dwarf shrubs such as Andromeda polifolia L. are reported to be
as productive in hollows as on hummocks while others such as
Vaccinium spp. generally grow better on hummocks (Backéus, 1985).

There are very few studies relating shrub production to
mineral or nutrient levels. The negative correlation of shrub growth
in the peatlands with the pH-related characteristics appears to
contradict the findings of Reader (1982), who found an increase in
ericaccous shrub production in sites with greater conductivities.
These contrasting results may be due tc the different methods of
measurement used in each study. Reader (1982) measured
production as mg/shoot while this study used g/m2. In both studies,
water level and pH characteristics are correlated so that
interpretations separating these parameters are difficult to make.

The positive relationship between shrub production and
concentration of P in the surface water suggests that nutrients levels
may play an important role in shrub growth. These results are
supported by Vasander (1982), who found that the biomass of both
dwarf and tall shrubs increased with N, P and K fertilization in a
Finnish bog. Correlations of shrub growth with N were not performed
in the Alberta study because there were no significant differences in
surface water concentrations of NO3- or NHa+ between sites.

The interpretation of these shrub production correlations are
also further complicated by different :ates of water flow and
mineralization at the sites and by competition of shrubs with other
strata. The successional status of a site may also be an important
factor influencing shrub biomass and NPP.

Tree production in relaiion to environmental factors

Well-developed tree layers v.cre oniy present on the wooded
bog and wooded moderate-rich fen and only made a minor
contribution to the total produciion of each (Fig. 4.4). Total above
ground estimated tree production was similar in the wooded bog (54
g/m2/yr) and wooded-rich fen (44 g/m2/yr) despite the difference
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in dominan: tree species. These two forested peatlands had the
lowest water tables (Figs. 4.2 and 4.3) and also had relatively deep
oxidation depths (Table 4.1) compared to the other sites. At boih
sites radial increments were greater in the dry year (1992) than the
wet year (1991). These differences were only significant for the L.
laricina (p < 0.001) sampled in the wooded-rich fen and not for the P.
mariana from the bog (p > 0.05).

These results suggest that site dryness and aeration are
important factors determining tree growth on peatlands. Tilton
(1978) reported that L. laricina generally grew better in peatlands
that were drier in Minnesota and suggested that this may be due to
better aeration and nutrient cycling. Hillman et al. (1990) also
demonstrated significant increases in P. mariana growth with
drainage in a Northern Alberta wetland, while Jeglum (1974) found
decreased growth in this species in wetter and poorly aerated
wetlands in Northern Ontario.

Nutrient availability is also important for tree growth in
peatlands. Tilton (1978) found L. laricina to be more productive in
“putrient-rich” fens than “nutrient-poor” bogs and correlated growth
with foliar concentrations of N and P. Vasander (1982) reported large
increases in biomass and production of Pinus sylvestris L. with
application of N, P and K on a Finnish raised bog.

Succession and competition may also be important factors
influencing tree growth and production on peatlands. The scarcity of
trees on the open bog compared to the wooded bog could not be
explained by differences in water levels or understory growth as
these were similar in the two sites. The most plausible explanation is
that P. mariana had not yet become established at the open site, but
may in the future, as some small seedlings were observed in this
area. The relative lack of P. mariana trees on the driest hummocks in
the poor fen may be due to competition from Betula and Salix that
dominate the thick shrub layer there.

Total production in relation to environmental factors

Total average above ground NPP ranged between 2i4 and 360
g/m2/yr for the peatlands (Fig. 4.4), with the highest production in
the wooded-rich fen and the lowest production in the sedge fen. The
poor fen had the second highest average NPP (310 g/m2/yr) followed
by the wooded bog (295 g/m2/yr), open bog (265) and extreme-rich
fen (245).

The total NPP of the sites could not be correlated with any
single environmental factor. While this could be due to the variety of
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methods used for the estimation of production, it is more reasonably
accounted for by differential responses of strata to the same
environmental factor. Herbs and shrubs, for example, responded
oppositely to water level, obscuring the correlation for total vascular
plants with this environinental factor.

The WRF had intermediate levels of almost all characteristics
measured (e.g. pH, nutrients, oxidation depth), however, it had the
highest estimated above ground production of all sites. The WRF’s
total production was shared among four well-developed strata (see
Fig. 4.4). The peatlands with relatively extreme environments (e.g.
the open bog or sedge fen) possessed only one or two well-developed
strata. The presence of many productive strata nay be an efficient
means of exploiting resources for ecosystem NPP.

Other studies support the higher total production at the WRF.
Lucs: = Davis (1961) found that the optimal pH for nutrient

avaiiav'i: ¢ .n organic soils was 5.5 to 5.8 which is probably similar
to the +« i1 of the wooded-rich fen. Vitt (1990) reported that
moder - iw fens have greater amounts of organic N in the surface
wair van do other peatlands in Alberta. Vitt et al. (in press) also

foscu -oater concentrations of P in the surface water and deeper
water (1.9-1.5 m) and NHa+t in the deeper water at the WRF
compared to the bog, poor fen or sedge fen. However, my data
showed surface water concentrations of P to be the highest in the
poor fen which was the second most productive site. Concentrations
of nutrients measured in the water may be less important than rates
of supply through water movement and mineralization.

Even though ombrotrophic systems are known to be nutrient
deficient and unproductive (Vasander 1982;: Backéus, 1990), my
results suggest that bogs can be just as or more productive than
some fens. Similarly, Francez (1992) found no significant difference
in NPP between a bog and fen and attributed this to efficient
recycling of N from the biomass in the bog. My bog sites actually had
greater average NPP than the sedge fen and the ERF. Other authors
(Malmer, 1986; Boyer and Wheeler, 1989; Wassen et al., 1990;
Wheeler and Shaw, 1991) have suggested that some extreme-rich
fens may be limited by P. The ERF, which had relatively low
production, also had low levels of TDP and TP accompanied by an
abundant cover of insectivorous plants (Drosera rotundifolia, D.
anglica, Utricularia intermedia Hayne). These plants generally
indicate low nutrient availability (Dickinson, 1983). The sedge fen,
which was the least productive of all sites, also had low
concentrations of surface water P (especially SRP). Wassen and



Barendregt (1992) found similar Carex lasiocarpa and C. diandra fens
to be poor in all major nutrients.

Water level is also an important factor influencing rates of
production. The low two year average NPP of the sedge fen was
partly due to a very reduced rate of Carex production in 1992, which
correlated ~  ~ sharp drop in water levels. This significant change
in local h, « was probably caused by the dam-building
activities of t.. :rs (Castor canadensis).

Althougu increases in herb NPP have been correlated with
high water tables in this study, the wettest site (SF) also had the
lowest overall production. Increases in total NPP have been
associated with periodic flooding, b>wever, wet, stagnant conditions
-an result in reduced production (Richardson, 1978; Brinson et al.,
1981). Carex lasiocarpa, the dominant plant species at the sedge fen
is believed to be a major indicator of flooded peatlands (Laitinen,
1990). Laitinen (1990) suggested that flooding and stagnation create
oligotrophic conditions, while Reader (1978) discussed the negative
impacts of waterlogging on the ability of roots to absorb nutrients
and grow. Other studies have shown that vascular plant biomass and
production are greater on hummocks than hollows (Backéus, 1985;
Wallén et al., 1988; Moore, 1989b). Forrest and Smith (1975) also
found a negative correlation between site wetness and total
production for five different blanket begs in the UK..

Climate variables may also explain some of the variation in the
data. Total NPP of wetlands has been documented to generally
increase with higher mean temperature and a longer growing season
(Reader, 1978; Brinson et al., 1981; Wieder et al., 1989). All of the
Alberta sites had greater total NPP in 1991 compared to 1992, which
may be related to higher mean growing season temperatures and
more growing degree days in 1991 (Appendix 1). Most of this
variation in total production is due to moss growth, which of all the
strata showed the greatest change between the two years.

Peat accumulation potential in bogs and fens

Peat accumulation results when the rate of production exceeds
the rate of decomposition. The loss of weight (decomposition), on a
total site basis, appears to increase along the bog-rich fen gradient
(Table 4.3). After one year the bog had the lowest value (14%) while
the fens had much higher losses (25-31%). The pattern is similar
after two years of decomposition with total weight losses increasing
from 17 to 41% along the gradient.
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One way to assess the potential accumulation of peat is to
divide the annual production of organic natte ' the amount lost
annually to decay (production/decomposition J). The peat
accumulation rate should be greater in sites where this ratio is
relatively high than where it is low. The rati  © production to
decompo: iion decreased alorg the cradient faair the bog to sedge
fen (Fig. 4.8). The bog had a r uch higher ratio ) than the other
cites, while the poor fcn and wooded-rich fen had similar ratios of
513 and 4.9 respectively. The sedge fen b~ the lowest rate of
production relative to decomposition witn a ratio of 3.1.

These results suggest that the peat accumulation rate should
decrease along the bog-rich fen gradient as the decomposition rate
increases relative to the rate of production. To further investigate
this trend, the aerial input of litter compared to losses from
decomposition was examined.

The total weight of original aerial litter remaining after one
year of decomposition was very similar in the four sites, with the
wooded-rich fen (192 g/m2) having the most material remaining and
the sedge fen (150) the least (Fig. 4.9). Reader and Stewart (1972)
reported greater amounts of above ground litter remaining after one
year in Manitoba peatlands (184-465 g/m2) than this study. Their
lagg also had much higher aerial litter accumulation than their
ombrotrophic sites, while the ombrotrophic sites generally had
greater subsurface litter accumulation.

After two years of decomposition the bog, poor fen and
wooded-rich fen had almost identical (160-164 g/m2) amounts of the
original litter remaining, while the sedge fen had the least (129).
These results correspond to the peat thicknesses of the sites which
are similar in the bog (5 m), PF (4 m) and WRF (4.5), but lower in the
sedge fen (2-2.5 m). The bog and wooded moderate-rich fen had
similar amounts of material remaining after two years despite
differences in the rates of production and decomposition between
them. The high peat accumulation rates in the bog appear to be
maintained by low decomposition while similar peat accumulation
may occur in the wooded-rich fen because of greater production. The
poor fen appears to have a similar rate of peat accumulation as the
bog and WRF due to rates of production and decomposition that are
both intermediate to those of these two sites. Vitt (1990) also
suggested that hummocks in bogs are maintained by low decay rates
while those of rich fens are maintained by higher rates of production
and predicted that moderate-rich fens should have greater peat
accumulation rates than extreme-rich fens because of higher
production in the former. Since moderate-rich fens are probably the
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most common type of peatland in . e :
peat accumulation in these fens may piay a dominant re'2 in ca on
storage for this region.

With a hypothetical warming of the boreal climate, both the
production and decomposition rates should increase in these
peatlands. However, rates of peat accumulation would probably
decrease because the ratio of production to decomposition would be
lower as is the case in more southerly wetlands.

Conclusions

The NPP of the moss, herb, shrub and tree layers appeared to
respond differently to environmental parameters. Moss production
generally showed greater variation between years than between
sites suggesting the importance of climatic factors. Moss rowth was
greater in the year (1991) with higher water le -eis. ~ore NO3- in the
surface water and higher air temperatures Va. ular -ant
production showed greater variation betweer  .:s th.: vears. Hert
production correlated with water level and pH-reisted par: neters,
while shrub production was negatively correlated with these
parameters. Tree contribution to total production was ninii..al and
appeared to be related to site dryness (in the bog and WRF). The
hypothesis of increased total NPP with higher water le.els was not
supported by the results. Total above ground production could not be
correlated to any of the parameters that were meuasured and was
greatest in sites with the most diverse plant community stratification
(WREF, PF).

The hypothesis related to peat accumulation along the gradient
was supported by the results. The peat accumulation potential
appeared to decrease along the bog-rich fen gradient. In the bog,
peat accumulation may be related to a lower rate of decomposition.
In the fens, peat accumulation is apparently maintained by higher
rates of production rather than lower decomposition rates.
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Fig. 4.1. Relative location of the sites in central Alberta (1 = bog and poor
fen, 2 = wooded rich fen, 3 = sedge fen and 4 = extreme-rich fen).
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cm) at four sites (PF = poor fen, WRF = wooded-rich fen, SF = sedge
fen) during the growing season in 1991 compared to daily
precipitation at a nearby weather station (Athabasca 2).
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Fig. 4.4: Comparison of total above ground plant
production (moss, herb, shrub and tree layers)
in six sites (OB = open bog, WB = wooded bog, PF
= poor fen, WRF = wooded-rich fen, SF = sedge
fen and ERF = extreme-rich fen). Bars represent
averages of 1991 and 1992, except sites with
trees, where tree production is based on an
average of five year growth increments.
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Fig. 4.5: Peak herb above ground biomass
(square root-transformed) in relation to mean
site water level relative to the moss surface ()
cm) during the 1991 (solid line) and 1992
(dashed line) growing seasons. Symbols
represent clipped quadrats from five
peatlands (bog, wooded-rich fen, poor fen,
extreme-rich fen and sedge fen from left to
right). 1991 does not include extreme-rich fen.
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Fig. 4.6: Correlation between August above
ground herb biomass and shrub terminal
(new leaves and stems) biomass from clipped
quadrats in the five peatlands (bog, poor fen,
wooded-rich fen, sedge fen and extreme-rich
fen) in 1991 and 1992. Solid line represents
1991 while dashed line represents 1992. All
biomass values are square root-transformed.
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Fig. 4.7: Shrub terminal (new leaves and
stems) production (square root-transformed)
in relation to mean site water level relative to
the moss surface (0 cm) during 1991 (solid
line) and 1992 (dashed line) growing seasons.
Symbols represent clipped quadrats from five
peatlands (bog, wooded-rich fen, poor fen,
extreme-rich fen and sedge fen from left to
right). 1991 does not include extreme-rich fen.
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(g/m?/yr) of original tissues after one year
of decomposition in four peatlands (PF =
poor fen, WRF = wooded-rich fen, SF = sedge
fen).
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Fig. 4.9: Annual above ground litter
accumulation (moss and herb production
combined with tree and shrub litter fall) with
amounts lost after after 1 and 2 years of
decomposition in four peatlands (PF = poor
fen, WRF = wooded-rich fen, SF = sedge fen).



(s'9€ - §°6) (o'1e - 50 (s've - L'€T) o1y - LT1) {c'ey - T61)
761 91 8'€7 0LT $°0€E (ws) uonwprxo Jo qidop,

(sc - +9) 91 - +020) (6c - €1) e - 20 (zs - €€)
(4] 0 62 1 4 (44 (wo) qdop oqw1 P1wA

(08T - s¥) (00T - 00 (0’61 - 09) (0zz - o1) (oLt - 02)
$°61 TSt LR A et 001 (D) P13 Uy “dwt sovem

(oz - +1) we - S1) (95 - T0) 6 - 99) w6 - L9)
[ATA €92 1°0v L T (v8w) doa

(ILe - Le'o) ('t - 91°0) (Lv'T - £€5°0) (081 - $£°0) (so't - 1Z°0)
66°0 8L'0 90°1 ¥6°0 650 ) -

(s1°89 - 09°'1¥) - - - (sv'1 - 65°0)
$6°LS 19Rp M0jq “19919p Mo[9q 1991p M6[9q v0°1 (y8w) awjeg

Wiz - v1) (o9t - LD (st - 1°0) wez - 10) (c0s - T1)
s €67 i oy 8°81 onms &:N

91°t - 1'9) (6992 - 1's1) (zLse - sL7) (€T6€ - 1'¥Y) (898¢ - €¥¢)
0°SE 0z1 9:Zs1 L6l €St (vin) 4L

e - €0 (9'9¢ - 001) (0'80z - £'s1) (9°€61 - 9°€€) (68t - ¥12)
€1z et €6 6°st1 79§ (v3n) dai

(11 - s (s9t - 0) Wit - ¢6) (0’991 - 8°1) (€9 - 1)
9'¥Z $S°'S »re L'1L 0'91 (V99) IS

réL - €1) (19 - 65’ ree - 17) (6'Ls - 6T (s101 - TTN)
09 Loz ¥ $°07 iy (Vi) +HN

(1ot - »¢) @t - 1°€) syt - 0'7) (zot - 0°7) Wz - ve)
8’ 'L L's 9'01 6's (/82) -€ON

(cv - 10 €T -0 @o - 10) (te - 10) 1 - €0)
Lv'e 318 $€°0 LSt 16°0 (tw) +3

vz - €91) L - 87 7 - 80 (re - 61) €z-¢1
s€°0Z 65y 91°T 3/ L1 (Vsw) +3N

(6’68 - ¥12) @@ - €0 ©9 - 9€) 6L - ve) e - ¢0)
$°Le £9'9 £1's s 9¢°1 (/3wm) +70N

rr. - L) (g5 - T (czz - 08) wi - T$) cs - €D
AN se'st 911 80°'8 L6°E =) +zv

(9°'82€ - 6°6¥0) (€06 - €v9) (019 - 8'1¢) @i - voy) .
9°06T reL 6'ry €97 - (VSwm) -£0DHe
(€°69C - 0°'507) (oL - LTS) (0'0s - 192) r'ss - €98) -

1°yr? 019 8'9¢ $ 1T - (€00%D V=) Lywneype,

(1'6sT - L¥61) 6L - 0'8¢) @woy - oL1) (592 - T$1) (sc - 8Z¢°)
T°TeT T'9¢ (% 74 s 81 6Lt (s8) Anapospmod poompas

(sc's - ev'L) 589 - 1'9) {Ls9 - 89°%) (s - ) @y - 6¢€)
Ls £$'9 90'9 $6°% 98°¢ RBd proy
] PN-ous.axg, wg 39pos %33 I-PIPOOM ®] 204 Yog e )

(dMS / +PHN + CON = OTmz &N ‘Woqmd omelio poatossip = D0 ‘d M08 = dL ‘d PIARSIP W01 = J(L ‘srsoqdeoyd 2anceal qos = Ju§) oupms
SM0GE SBA [0A3 PWALF “ARO T66] W1 PURITIN, (9 = W) ZE61 P (S = L) 1661 T SINS AP W SNIIRAY PNA 0ouum Jo (s3Bue) Se( (1Y L



1000 > 4 sase
1000 < d < 100 »»
100 < 4 <500 »

stuoydsoyd e = dJL
stuoydsoyd poAjossip [e10d = ddl
sruoydsoyd 2Anoear Jqnios = JAS

€00 < d sa uoqred Omﬁawho pIAtosSip = DO
» €e'0 e 8L'0 stu L0'0- s'u LE0- dL
i 8S°0 - Ls°0 * e0- su 9¢°0- ddlL
* pe0 * 6¥'0 su 91°0- s'u 61°0- dus
oy 69°0 - 65°0 i eL’0- e ¥L O 204
- 0v°0- stu 91°0- s'u 97’0 s'u 01°0 +
e 65°0- orx 08°0- * 620 i 98°0 +8N
- 1§°0- - 85°0- * 870 o 06°0 +I3N
e LS 0- o 69°0- * 8¢°0 e 68°0 +T%D
e 19°0- e 89°0- o 6€°0 e 16°0 ‘PNPUOd  PRdNPAY
e L9°0- * 0<°0- ok $9°0 o $8°0 Hd
i 0L'0- i L0 ok £8°0 o 8§8°0 19A9] INE\
d 1 d 1 d ] d 3
2661 1661 °661 1661
(‘Jsuen-joox asenbs) uononpoid reuruLdl qUIYS (‘Jsuen-1007 azenbs) doid 3uipuers GOy Yedd 119wmered

"7661 Ul pappe sem udy you
pue 1661 10§ s1dtowered 1dlem d0BHNS SNOUBA pUE BN

-2WANX3 Sy S[IyM ‘usy 38pas pue udy YoU-papoom ‘udy 100d ‘Soq Ipnjout sreak qog ‘7661

S 01 JANE[AI [JA9] IdtEM IS UBdW YA (PIULIOJSURN-1001

arenbs yioq) uononpoxd feutuud quiys pue doid Suipuess 9Al] qIay yead Jo (3) SWADYJI00 UonE[MIO) T'h dQEL



109

671
SE
v6

91
(34
LAl
L
L6

091
97
0t
ot

€0t

o1
Lt
81

(zvw/s) -dwodsp
JO IR om) e
Suurewias JuUnOWY

1y
iy
|84

6¢
6¢
124
viL
(47

62
6T
6v
T9
91

L1
Lt
L1

sotisodwoddp jo
w2k omp y:tm
ss0] X@R. %

0st
|84
011

(41!
£S
91
1t

|93}

691
8T
9T
€l

€01

oLt
8¢
el

(zvw/%) dwmosap
Jo 1k Juo 1w
Suurewal  UNOWY

It
1€
i€

8T
82
Lt
8¢
(44

sT
sT
9¢
0s
91

LA
i
rt

uonisodwodsp jo
mak 2u0 PM
szo] W3 %

817
6§
61

992
€L
144
97

(443

T
LE
ov
sT

€Tl

851
144
129

(1)zvw/B)
uvononpoxd Iamun
punoi8 2a0qQy

1e10],
PN paInsEIwmun
wiv)

w0

I palaswaw'n
vpund omisg
x40

susptn  umudCysuswo]

[A2LA R

NN pIrmssawun
opumd omisg

240D

umnofusnuv ‘gi5431 °§

s
U] pIlnswawmuf
umosnf wnuSoyds

adfy zmr

uaj 98pas

udj Gou-pIPoOM

W} Jood

Sog

sus

‘oWz Aexep s I

Sun pIv WY Mq ‘P91 I Ul PIUTULAGP 10U sem arer uonsodwoodp Isoym $Ipods souns mimsardor oY DAsRSRIWUN spuwrmad 1moj Uy

%gaﬁgug.ggﬂﬁggﬁg:ﬁeﬁg%gg382-_2—!88._..832&8:__1!:!0&-&\2 'y NaeL



110

5. CONCLUSIONS

These studies demonstrate that there were differences in
above ground production, decomposition and peat accumulation
between the peatlands and that these differences could be related to
changes in environmental characteristics and vegetation along the
bog-rich fen gradient. Water level appeared to have the strongest
influence on these processes, however, water chemistry and climatic
factors were also important.

Moss production was lowest in the sedge fen but was not
significantly different between the bog, poor fen, wooded-rich fen or
extreme-rich fen. There was greater variation between the two years
than there was between these four sites, suggesting that climatic
factors have an influence on moss production at these sites. Moss
production was greater in all sites during the year (1991) of higher
water levels, greater June precipitation, higher mean growing season
temperature, more growing degree days and greater NOj3-
concentrations in the surface water.

There was greater variation in vascular production between
sites than between years. The sites in the middle of the gradient
(poor fen, wooded-rich fen and sedge fen) had greater above ground
vascular production than the sites on the ends (bog and extreme-rich
fen). There was also greater between site variation in the production
of the individual strata (herb, shrub and tree) than the total vascular
plant NPP.

Herbaceous production increased along the bog-rich fen
gradient while shrub production tended to decrease along this
gradient. Herb production increased with site wetness and the pH-
related characteristics while shrub production decreased with site
wetness and higher pH. These two strata were also negatively
correlated with each other. Tree contribution to total production was
minimal and also appeared to be related to water levels as canopies
were only present in the two driest sites (bog and wooded-rich fen).

The hypothesis of increasing production along the bog-rich fen
gradient (Chapter two) was only partially supported by the results.
Total above ground NPP was highest in the middle of the gradient
and increased from the bog to wooded moderate-rich fen and then
abruptly decreased at the sedge and extreme-rich fens. The wooded-
rich fen had the highest total above ground production (331-388
g/m2/yr), followed by the poor fen (303-318 g/m2/yr). The open
(238-292) and wooded bog (279-311) sites were only slightly lower
than the poor fen. The sedge fen (167-260 g/m2/yr) and extreme-
rich fen (183-306 g/m2/yr) had iow total NPP values and also
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showed the greatest variation between years. The hypothesis of
increased NPP with higher water levels (Chapter four) was only
supported by the results for herb preduction (and to some extent
mosses) and not for woody growth (shrubs and trees) or total NPP.

There were significant differences in decay rates between the
litter types (moss, local Carex, Betula and standard C. lasiocarpa)
incubated in each of the sites. Decomposition, as measured by
percent weight loss (k’) of the standard substrate (C. lasiocarpa), also
differed between sites.

Variation in weight loss appeared to be greater between litter
types than between sites. Rates of decay were consistently faster in
vascular plant tissues than moss tissues, regardless of site, while
Carex litter decomposed more rapidly than the Betula samples. The
slower weight loss of the shrub may be due to the presence of twigs
in the samples. Local Carex samples also lost weight faster than the C.
lasiocarpa standard.

The hypothesis of rapid decay in litter of good quality (high %N
and low C:N) was strongly supported by the differences in k’ between
the litter types. Substrates of poor quality (low %N and high C:N),
such as mosses, decomposed slowly while those of high %N and low
C:N (e.g. Carex) decomposed rapidly. The C. lasiocarpa litter probably
decomposed slower than the local Carex samples because it had much
higher initial C:N ratios than the latter.

First year weight loss of the standard litter decreased along the
bog-rich fen gradient with the bog, poor fen and wooded-rich fen
samples losing more weight than those of the open-rich and sedge
fens. This was contrary to the hypothesis of an increasing decay rate
along the gradient (Chapter three). C. lasiocarpa weight loss was
negatively correlated with water levels and pH-related parameters
and positively correlated with surface water concentrations of TDP.
Decay rates were lowest in the wettest sites because anaerobic
conditions associated with high water tables may have inhibited
microbial respiration at the wetter sites. After two years the sites
ranked poor fen > wooded-rich fen > bog > open-rich fen > sedge fen
in order of fastest to slowest C. lasiocarpa decay rate.

The total site percent weight loss (Chapter four) increased
along the bog-rich fen gradient (Table 4.3). After both one and two
years the bog had the lowest decay rate while the fens had much
higher losses. These results support the hypothesis of increasing
decomposition along the gradient. The total ecosystem decay rates
increased along this gradient mainly because of the changes in
vegetation at the sites. For example, site decay rates were slower in
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the Sphagnum-dominated systems (bog, PF) than the sedge-
dominated system (SF).

The hypothesis of decreasing peat accumulation (Chapter four)
along the bog-rich fen gradient appears to be supported by the ratis
of production to decomposition at the sites. The bog had a much
higher ratio than the fems, suggesting that peat is accumulating more
rapidly at this site. However, the amount of original aerial litter
remaining after one and two years of decomposition was similar in
the bog, poor fen and wooded-rich, but lower in the sedge fen. The
bog and wooded moderate-rich fen had similar amounts of material
remaining after two years despite the much higher annual litter
production in the latter site. This supports the theory that
decomposition determines peat accumulation rates more than
production (Malmer, 1986) in the bog, however, the relatively high
peat accumulation in the wooded-rich fen appears to be maintained
by increased production rather than decreased decomposition as
suggested by Vitt (1990).
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Appendix 2: Above groond (g/m"2) production, biomass and necromass of herbs and shrubs from
five peatlands in 1991. Herd values are from the period of pesk herd nndiTg crop while
values are from August harvest period.
Plant_type Bog Poor fenl Wooded.rich fen] Sedge fen Extreme-rich_fen}
Smilacina_trifolia
live 4.3 2.0 7.9
dead 0.5 1.5 0.3
Eriophorum_ vaginatum
live 2.5
dead 22.9
[Rubus Chamasmorus
live 1.7
dead 8.1
Menyanthes _trifoliata
live 6.5 41.7
dead 0.0 7.8
Sedges (Carex, Scirpus)
live 44.4 26.7 201.8 54.4
dead 29.6 22.9 371.5 76.5
Muhlenbergia glomerata
live 15.5
dead 3.9
Triglochin _spp.
live 19.8
dead 3.7
Juncus spp.
live 1.9
dead 0.7
Minor_spp.
live 2.4 1.8 1.5 5.3
dead 0.0 0.8 2.1 0.2
Ladum groenlandicum
terminal production 40.2
radial production 8.6
biomass 150.3
Andromeda polifolia
terminal production 10.0 22.2 32.9
biomass 28.9 51.3 69.1
Chamaedaphne calyculata
terminal _production 4.7
biomass 14.0
Vaccinium vitis-idaea
terminal _production 10.4
biomass 23.2
Oxycoccus spp.
terminal production 2.7 3.1 8.6 2.3
biomass 6.3 5.9 17.4 3.5
Dead standing ericaceous 33.2 1.3 2.1 0.0
Betula pumils
terminal production 46.1 21.7 4.5 0.7
radial production 15.3 6.1 1.2 0.1
biomass 190.5 73.4 13.2 1.1
dead 16.2 57.9 1.3 0.0
Salix spp.
terminal production 25.5 22.8 2.9 2.7
radial production 2.8 4.1 0.7 0.0
biomass 61.1 72.6 8.1 3.5]
_deasd 36.5 __26.7 2.3 0.0
Total production 85.1 170.3 174.3 212.6 102.7
Total biomass 231.2 364.1 295.3 224.6 105.0
Total standing dead 64.7 85.1 118.2| 377.2 85.0]
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Appendix 3: Above ground (g/m*2) production, biomasss and necromass of herbs and shrubs from
five tands in 1992. Herd values are from the period of herd standi while shrub
values are from Auj harvest period.
Plant type Bog Poor fen] Wooded-rich fen| Sedge fom) Bxtreme-rich fen
Smilacina trifolia
live 9.4 17.3 7.1
dead 0.1 0.0 0.0
Eriophorum__vaginatum
live 3.7
dead 21.9
Rubus Chamaemorus
live 1.4
dead 1.0
Menyanthes trifoliata
live 4.4 16.8
decad 0.0 0.0
Sedges (Carex, Scirpus)
| live 28.8 26.0 121.4 51.2
desd 6.9 11.2 271.2 41.3
Muhlenbergia glomerata
live 1.9
dead 1.4
Triglockin_spp.
live 24.0
dead 1.9
Juncus spp.
live 1.8
dead 0.9
Minor_spp.
live 1.1 2.4 0.9 2.5
dead 0.0 0.0 0.2 0.3
Ledum groenlandicum
r»-teminll production 66.1 0.7 0.0}
radial _production 5.6 0.0 0.0}
biomass 187.8 2.0 0.1
Andromeda polifolia
terminal production 8.4 14.6 45.0
biomas 21.5 34.0 103.0
Chamaedaphne calyculata
terminal production 4.1
biomass 233
Vaccinium_ vitis-idaea
terminal production 10.7 0.1
biomass 22.4 0.2
Oxycoccus 3spp.
terminal production 2.1 5.8 15.6 1.2
biomass 3.3 10.0 25.6 2.4
Dead standing ericaceous 21.2 2.0 3.8 0.0
Betula pumila
terminal oduction 76.5 28.0 0.0 0.6
radial production 28.0 11.0 0.0 0.2
biomass 268.7 102.0 0.0 2.6
dead 20.3 22.3 2.4 0.0
Salix spp.
terminal production 30.8 18.4 6.4 4.2
radial production 1.0 1.9 0.6 0.0]
biomass 58.5 40.2 17.5 6.2
dead 13.0 4.2 0.7 0.3
Total production 111.5 209.0 172.2 129.3 87.7
Total biomass 262.8 424.8 301.3 139.8 92.7
Total standing dead 44.2 42.2] 41.5 274.8 48.1
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