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ABSTRACT

The purpose of this study was to determine the effect of increased soil moisture levels on

the decomposition processes in a peat-extracted bog. Field experiments, in which soil

moisture levels were manipulated, were conducted using 320 microcosms in the

Wainfleet Bog from May 2002 to November 2004. Decomposition was measured using

litter bags and monitoring the abundance of macroinvertebrate decomposers known as

Collembola. Litter bags containing wooden toothpicks (n=2240), filter paper (n=480)

and Betula pendula leaves (n=40) were buried in the soil and removed at regular time

intervals up to one year. The results of the litter bag studies demonstrated a significant

reduction of the decomposition of toothpicks (p<0.001), filter paper (p<0.001), and

Betula pendula leaves (p<0.001) when soil moisture levels were increased to levels

approaching those of natural conditions. These conditions significantly reduced the mean

mass loss of toothpicks by 30 %, filter paper by 20 % and Betulapendula leaves by 18 %

over one year when compared to the control. The abundance of Collembola was

monitored using a non-destructive method in the microcosms. By contrast the effect of

increased moistiu-e levels on the abundance of Collembola was more variable and

difficult to interpret. The conclusions of this study indicate that the Wainfleet Bog is a

highly disturbed peatland and that the greatest reductions in decomposition can be

obtained by restoring the soil moisture levels near those of undisturbed conditions.
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1.0 INTRODUCTION

Peatlands occupy approximately 3.8 % of the world's ice-free surface area and

they are estimated to contain 30 % of the world's soil carbon supply (Gorham 1991).

Canada contains 40 % ofthe world's peatland area accoimting for approximately 14 % of

its land base (Johnson 1985; Environment Canada 1986; National Wetlands Working

Group 1997). These ecosystems are very important to the global carbon cycle because of

their carbon storage capacity. This capacity is controlled by a balance between

vegetative production and decomposition rates. For instance, carbon accumulates in the

form of weakly humified plant matter called peat. The accumulation of carbon is

attributed to slow rates of litter decay rather than high rates of primary plant production

(Clymo 1965). Decomposition processes in peatlands are influenced by many factors

such as temperature, acidity, moisture, anoxia, chemical composition of plant matter,

nutrient status of the ecosystem, and structure of the decomposition community (Ohlson

1987; Farrish and Grigal 1988; Waddington et al. 2003b; Mack et al. 2004).

Peatlands throughout the world have been drained and extracted for agricultural

and horticultural purposes. Gorham (1991) estimates that approximately 6 % of peatlands

or 28 million ha have been modified by drainage. Peatlands are initially drained through

ditch networks, all living vegetation is removed, and peat is then extracted through block-

cut mining or vacuum extraction. Subsequently, drained and extracted peatlands lose

their ability to sequester carbon because decomposition in peatlands is increased.

Consequently, drained peatlands are converted to sources of atmospheric CO2 and have

an enormous potential to influence global climate (Francez and Vasander 1995; Limpens

and Berendse 2003; Waddington et al. 2003a; Mack et al. 2004).



:'S >.Vi*^'

.



Harvested peatlands rarely return to fully functioning peat accumulating

ecosystems (Van Seters and Price 2001) because natural regeneration of peatlands is

hindered by unstable soil hydraulic conditions, thereby requiring restoration efforts to

repair the damaged peatland. Oflen the first step in restoring peatland hydrology is

through rewetting. This allows for greater soil moisture levels, and may be achieved by

simply dismantling the drainage ditch network in altered peatlands (Gorham and

Rochefort 2003).

Studies of decomposition processes in experimentally rewetted disturbed

peatlands have concentrated on pristine peatlands and peat-mined bogs and fens (Clymo

1965; Bartsch and Moore 1985; Lieffers 1988; Santelmann 1992; Francez and Vasander

1995). There have been three prominent studies focused on the decomposition of litter in

rewetted disturbed peatlands (Hartmann 1999; Richert et al. 2000; Waddington 2003 b)

and limited published studies examining the effects of rewetting on the activity of

macroinvertebrate decomposers. Of the existing studies, Hartmann (1999) found no

significemt difference in root decomposition of Phragmites australis and Carex spp.

under permanently saturated soil moisture conditions and temporarily inundated soil

moisture conditions in a degraded fen in Germany. In contrast, Richert et al. (2000)

conducted rewetting experiments in a fen in Germany and attributed observed differences

in root decay for Phragmites australis and Carex spp. not only to plant material quality

but also to soil moisture levels. They found that the greatest decomposition of root

material occurred under temporarily inundated soil moisture conditions rather than

saturated conditions. More recently, Waddington et al. (2003b) found that decomposition

rates for Sphagnum mosses in a restored peatland in the Lac-Saint-Jean region, Quebec,



yf •. -



10

matched values typically found in undisturbed peatlands. In addition, published studies

that report the influence of rewetting in disturbed peatlands on the activity of soil

macroinvertebrate decomposers are uncommon. However, there have been some studies

examining the role of macroinvertebrate decomposers in pristine and disturbed peatlands

(Standen 1973; Coulson and Butterfield 1978; Standen 1978; Ohlson 1987; Coulson et al.

1990). But overall, the study of decomposition processes in rewetted peatlands, and bogs

in particular, is severely limited.

The Wainfleet Bog is the largest protected wetland in the Niagara Peninsula. This

ecosystem sustains many floral and faunal taxa with a Species at Risk designation in

Ontario. Prior to its protection by the Ontario Ministry of Natural Resources (MNR), the

Niagara Peninsula Conservation Authority (NPCA) and the Nature Conservancy of

Canada (NCC), this ecosystem was highly impacted by drainage and peat-mining. In the

last ten years, there has been a strong effort to manage, preserve, and restore this

ecosystem. Research into peatland restoration is a relatively new science, but most

evidence from the scientific literature suggests that the first step to restoring a disturbed

peatland such as the Wainfleet Bog to a fiilly functioning peat accumulating ecosystem is

to remediate soil moistvire levels. This study will examine the effect of increased soil

moisture levels on the decomposition processes in the highly disturbed peatland of the

Wainfleet Bog.
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1.1 Objectives

There were four objectives of this study. The first objective was to test the

hypothesis that increasing soil moisture levels in a disturbed peatland would significantly

decrease decomposition rates of natural and artificial substrates. Results substantiating

this hypothesis would suggest that the rewetting of peat soils would be a critical

component in restoring the peat-accumulating cycle.

The second objective of this study was to test the hypothesis that increasing soil

moisture levels in a disturbed peatland would significantly reduce the number of soil

macroinvertebrate decomposers such as CoUembola. Results supporting this hypothesis

would show that the number of CoUembola are related to soil moisture levels, whereas a

decrease of these animals would suggest a reduction in decomposition activities in the

disturbed peatland.

The third objective of this study was to test the hypothesis that a longer period of

ecological regeneration of disturbed peat soils would show significant evidence of

reduced decomposition. Results supporting this hypothesis would show that areas of the

peatland which have been regenerating for longer periods of time would have lower rates

of decay of artificial substrates and a lower abundance of CoUembola associated with

them. This would suggest that disturbed peatlands do have some measure of regenerative

potential.

The fourth objective of this study was to assess the extent of damage that peat

harvesting has caused to the Wainfleet Bog by quantifying the current rates of

decomposition in the disturbed portions of the bog. This assessment was carried out by

comparing the observed decomposition values of Wainfleet Bog with existing published

values. Over the last 20 years there has been much research conducted in the Wainfleet
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Bog (Jonsson-Ninniss and Middleton 1991; MacDonald 1992; Blades and Marshall 1994;

Niagara Peninsula Conservation Authority 1997; Nagy and Warner 1999; Diamond et al.

2003). However, no study of decomposition processes has yet been reported.
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2.0 LITERATURE REVIEW

2.1 Peatland Ecology

Peatlands are important ecosystems that support a unique set of flora and fauna

species. They are generally known to occur in northern latitudes throughout the world.

Peatlands are a class of wetland characterized by wet, organic soils composed of partially

decomposed plant material called peat. Peat accumulates because more carbon is

sequestered by photosynthesis than is released as CO2 or CH4 by decomposition (Vitt

1994). Peatlands are comprised oftwo types of wetland ecosystems, bogs and fens.

Although it is equally important to protect and preserve fens, the focus of this research is

on bogs. Therefore, the following description will focus primarily on bogs with only a

briefdescriptionof fens. «

Peatlands that are raised or level with surrounding terrain and are not influenced

by surface water or groundwater from mineral sources are identified as bogs. Bogs are

defined as ombrogenous or ombrotrophic because they receive all their water and mineral

supplies from precipitation. This results in nutrient-poor conditions that only the most

specialized plant species can tolerate (Vitt 1994). Ombrotrophic bogs make up the

largest proportion of northern peatlands (Aerts et al. 2001). Further, bog ecosystems are

dominated by a bryophyte moss, Sphagnum. Depending on the latitude, herbaceous plant

species such as bunch cotton grass (Eriophorum vaginatum), sedges {Carex spp.),

sundews {Drosera linearis), and woody vegetation such as Labrador Tea {Ledum

grenlandicum), Blueberry {Vaccinium spp.). Black Spruce {Picea mariana) and

Tamarack {Larex laricina) also prefer the nutrient-deficient conditions characteristic of

bogs.
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Sphagnum is the primary peat-forming vegetation in bogs. Sphagnum has a

highly specialized cell structure that enables it to retain up to twenty times its own weight

in water. This ability enables Sphagnum to draw the water table near the surface,

creating very wet soil moisture conditions (Munro 1984). Thus, over time. Sphagnum

has the ability to raise the surface of the bog above the surrounding landscape. Sphagnum

efficiently extracts nutrients found in rainfall by exchanging them with hydrogen ions

(Bell 1992). This exchange pattem is responsible for creating highly acidic soil water

conditions that typically range between pH 4.0 and 4.8 (National Wetlands Working

Group 1997).

Peatlands that are influenced by soil waters enriched with mineral elements are

known as fens and are termed "geogenous" (Vitt 1994). Depending on the latitude, fens

are generally characterized by herbaceous plant species of sedges (Carex), cotton grass

(Eriophorum vaginatum), or rushes (Scirpus), and woody vegetation that consists of

species of Tamarack (Larix), Cedar (Thuja), Cranberry (Vaccinium), Birch (Betula) and

Chokeberry (Aronia). These vegetation types are the principal peat-forming units in fens

(Johnson 1985). However, Sphagnum mosses are typically absent in fens and therefore

fens are slightly acidic to basic with a pH greater than 4.8 (National Wetlands Working

Group 1997).

Peatland soil structure is composed oftwo distinct layers, the acrotelm and

catotelm. In bogs, the acrotelm is made up of living, dead and weakly decomposed

mosses and plants with a thickness of 0-50cm. In fens, the acrotelm is often shallower

and less distinctly defined fi-om the other soil layers than it is in bogs. Undemeath the

acrotelm is a slowly permeable layer of compressed peat soil called the catotelm that may
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be greater than 100cm in depth. This layer is composed of dead and humified mosses and

plant material that is highly compact, water-logged and anoxic. It is from the catotelm

layer that peat is extracted for horticultural uses.

2.2 Impacts of Peat Harvesting

In Canada, approximately 16000ha of peatlands are currently being harvested for

horticultural and sometimes industrial purposes, with the majority of these being bogs

(Keys 1992). The harvesting of peat is a destructive process because the peatland is

completely stripped of its living vegetative layer and drained. The peat is milled and

allowed to dry and then harvested with large vacuum machines drawn by tractors.

In addition to the immediate effect of removing the living vegetative layer in the

harvested peatlands, there are long-term impacts. The drainage of a peatland causes

decreases in water table levels that are catastrophic to any surviving peatland flora.

Sphagnum species that lack rhizoid and internal water conducting tissues often perish due

to desiccation as a result of prolonged dry soil conditions (Clymo and Hayward 1982; van

Breemen 1995). Jonsson-Ninniss and Middleton (1991) found that 25 years after peat

harvesting the regenerating vegetation was only 50 % similar to the original vegetation.

This is, in large part, because peat harvesting results in removal of a viable seed bank that

hinders regeneration of milled peatland (Salonen 1987). For example, the vegetative

community ofpeatland often changes as non-peatland woody and herbaceous plants

colonize the disturbed peatland (MacDonald 1992; Lavoie and Saint-Louis 1999). Frost

heaving of the bare peat-mined soil limits recolonization ofSphagnum mosses that are

essential to the reestablishment of peatland (Groeneveld and Rochefort 2005). According

to Price (1997), the recolonization of harvested peatlands by Sphagnum mosses can be
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hindered because the water table in the upper layers ofpeat soil structures become

destabilized by the mining process. Consequently, the water tension near the surface

exceeds the capacity of the mosses to draw moisture from the soil. Therefore, the

reestablishment of the peatland flora in stripped and drained peatlands is very difficult

because the ecosystem is so greatly altered.

When peatlands are drained, increases to soil aeration and temperatures have

been found to raise decomposition rates of the peat (Lieffers and Rothwell 1987).

Decomposition allows for the release of vast quantities of nutrients and emissions of

greenhouse gases (van Breeman 1995; Hartmann, 1999; Mack et al. 2004). Wind-

Mulder et al. (1996) found the chemical composition of the peatland to be greatly altered

with higher concentrations of sodium, potassium, calcium, magnesium, sulphate,

chloride, and nitrogen in harvested sites than in pristine sites, due to nutrient releases

from increased decomjwsition. The plant species found in peatlands exhibit narrow

tolerances to changes in soil chemistry and do not thrive well under these conditions.

Therefore, the drainage upsets the critical processes necessary to ensure low

decomposition and peat accumulation.

23 Decomposition

Decomposition is defined as the reduction of energy-rich non-living organic

matter by consumer organisms to CO2, H2O, and inorganic nutrients (Smith 1992). The

decay oforganic matter is critical to mineralization and nutrient cycling in ecosystems. It

allows for the release of nutrients locked up in dead organic matter and it contributes to

the physical and chemical properties of soil.
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In the last fifty years there have been many studies of decomposition processes in

peatlands (Clymo 1965; Bartsch and Moore 1985; Farrish and Grigal 1985; Lieffers

1988; Francez and Vasander 1995; Waddington et al. 2003b). Early studies (Clymo

1965; Reader and Stewart 1972) focused on pristine peatlands and later studies began to

examine decomposition processes in disturbed peatlands. These studies have found that

peatlands are characterized by low rates of decay rather than high levels ofprimary

production resulting in the accumulation of vast quantities of carbon in the form of peat

(Francez and Vasander 1995; Thormann et al. 2001). It has been determined that many

factors are responsible for influencing the decomposition in peatlands including soil

temperature, soil moisture content, anoxic and acidic soil conditions, chemical

composition of the litter, nutrient availability, and structure ofthe decomposer

community (Santelmann 1992; van Breeman 1995; Aerts et al. 2001; Mack et al. 2004).

In pristine peatlands, decomposition rates of plant matter are often related to soil

depth. In northern peatlands, mass losses (% of original mass) of plant matter in litter

bags range fi'om 8 % to 25 % per year with the greatest proportion of decomposition in

peatlands taking place in the acrotelm layer (Johnson and Damman 1991). This layer is

periodically aerobic and is characterized by higher soil temperatures and variable soil

moisture content, which allows for greater decomposition of organic matter (Santelmann

1992). In bogs, approximately 20 % to 30 % ofSphagnum mosses are decomposed in the

acrotelm (Farrish and Grigal 1988; van Breeman 1995). However, decomposition rates

in peatland soils begin to decrease with increased soil depth once the catotelm soil layer

is reached. This layer is characterized by a less variable soil temperature and anoxic,

waterlogged and acidic conditions that limit populations and activity of microorganisms
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responsible for decomposition (Farrish and Grigal 1988). Within the catotelm layer the

decomposition process is greatly retarded. Farrish and Grigal (1988) examined the

influence of depth on decomposition by burying litter bags at 5-cm depth intervals to a

depth of 30cm. They reported that decomposition of cellulose in the form of paper was

greater at depths of 0-10cm in the acrotelm than at depths of30cm found in the catotelm.

Similarly, the decomposition ofSphagnum in the anoxic catotelm is very slow with rates

of 0. 1 % to 0.001 % of mass loss being reported per year (van Breeman 1995).

Decomposition of matter is often increased greatly in peatlands that have been

harvested and drained. These peatlands are often characterized by lower soil moisture

content at deeper soil layers and higher soil temperatures. Lieffers (1988) found that a

drained peatland in Alberta, Canada had a greater reduction in mass of both Sphagnum

mosses and cellulose in litter bags at 30-cm depths than in natural peatlands. Similarly,

Francez and Vasander (1995) found, by using litter bags, that the drainage of peatlands in

France and Finland increased decomposition of peat because increased soil aeration

stimulated microbiological activity.

There is also general agreement among wetland scientists that carbon reservoirs

found within peatlands have the potential to worsen global warming should human

impacts allow these carbon reservoirs to be released (Santelmaim 1992; Latter et al.

1998; Waddington et al. 2003b; Mack et al. 2004). Mack et al. (2004) suggests that

human influence on climate patterns to date may already be affecting peatland

ecosystems around the world. Their research suggests that the long-term fertilization of

Arctic peatlands has increased nutrient availability to soil microorganisms thereby
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causing a net ecosystem loss of deep soil carbon. Mack et al. (2004) suggests that

increased high latitude warming may amplify carbon release from soils.

The chemical composition of plant litter is perhaps the strongest variable

influencing the decomposition of plant matter in peatlands (Coulson and Butterfield

1978). Generally, plant litter is a mixture of cellulose and lignin compounds and the

ratios at which these compounds are found within the cell walls of plants influence its

rate of decomposition (Adl 2003). Cellulose is the main carbohydrate compound found

in the cell walls of plants and is easily decomposed by a wide variety of microorganisms

(Neher et al. 2003). Lignin is an aromatic compound that coats cell walls and combines

with cellulose to form lignocellulose. In contrast to cellulose, lignin is one of the most

resistant components in plant litter and only specialized organisms can decompose it

(Neher et al. 2003). Typically, decomposition of plant litter is initially rapid as the

microorganisms consume the cellulose, however, decomposition slows greatly when only

the lignin material remains.

The chemical composition ofSphagnum mosses is quite different from other

vascular plants. According to van Breeman (1995), Sphagnum lacks lignin in its cell wall

structure. Instead it contains a polyphenolic network of polymers and a lipid surface

coating containing C14-C26 hydroxy acids, C20-C24 dicarboxylic acids, fatty alcohols and

acids that provide bonding to the cell wall polysaccharide. This enables the cell walls of

Sphagnum to have the lignin-like properties such as resistance to decomposition, but

without the structural strength.
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2.4 Measuring Decomposition

Decomposition in peatland ecosystems has commonly been studied by using the

Utter bag method (Fairish and Grigal 1988; Santelmann 1992). This method consists of

enclosing a known mass ofplant or artificial material into a meshed container or bag.

Litter bags are placed in the field and removed at selected time intervals and analyzed for

mass loss and/or chemical composition. The loss ofmass from the test material is

interpreted as decomposition.

The use of artificial substrates has limitations, as it does not necessarily mimic the

complexity of decomposition processes in natural materials (Neher et al. 2003).

However, artificial substrates provide a standard means of comparison across ecosystems

and other studies, as well as limiting the harvesting of plants (which are unconunon in the

disturbed peatland) for use in the litter. The use of cellulose and woody material in litter

bags to measure decomposition in bogs and other wetland ecosystems has been well

documented (Kelman and Lang 1982; Lieffers 1988; Santelmann 1992; Preston et. al.

2000) and allows for comparison with other decomposition studies.

2.5 Collembola

Collembola are primitive, minute, wingless insects that are widely distributed

throughout the world (Borror et al. 1992). Like other insects, their bodies are made up of

three body parts (head, thorsix, and abdomen), three pairs of legs, and one pair of antenna.

However, they do not have wings at any stage in their development. Instead they possess

a forked "tail" called a ftircula, which enables them to spring when danger threatens them

(Borror era/. 1992).
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CoUembola are primarily inhabitants of soil, litter and moist vegetation. They are

chiefly soil and/or litter dwellers and live on the fiingi that decompose organic matter

(Blackith 1974). Consequently, these animals are an important component of the food

web and are excellent representatives ofthe decomposer macroinvertebrate group (Adl

2003).

2.6 Macroinvertebrate Decomposers

Macroinvertebrate decomposers such as CoUembola, Gastropoda, Isopoda, and

Annelids are responsible for approximately 2 % to 10 % of organic matter decomposition

in terrestrial ecosystems (Peterson and Luxton 1982; Adl 2003). These animals feed on

litter and cause it to be broken into smaller fragments, aiding the decomposition process

by increasing the surface area of exposed tissue of the litter (Standen 1978; Middleton

1987; Adl 2003). The feeding process exposes the litter to salivary secretions and

excretions that partially contribute to initial decomposition (Adl 2003). These processes

also redistribute the litter both horizontally and vertically in soil and facilitate the

colonization of the litter by microbial organisms that allow for further breakdown.

The role of macroinvertebrate decomposers in peatlands has only been

documented in a small number of studies (Standen 1973; Coulson and Butterfield 1978;

Standen 1978; Ohlson 1987; Coulson et al. 1990). Standen (1973) estimated that up to

40 % of annual litter biomass to a peatland passes through pot worms (Enchytraeids).

Several years later, Standen (1978) found that the feeding activity of macroinvertebrate

decomposers significantly increased the rate of weight-loss of leaf litter by stimulating

decomposition by microbial organisms. Similarly, Ohlson (1987) discovered that leaf

litter bags wath macroinvertebrates had significantly higher decomposition rates than

litter bags without macroinvertebrates, likely because of macroinvertebrate feeding
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activity. These studies demonstrate the role that macroinvertebrates play in the

decomposition of plant matter in peatland ecosystems.

Little research has been done on the effect ofhuman disturbance on the

invertebrate decomposer communities in peatland ecosystems. Coulson et al. (1990)

examined the effect of drainage ditches in harvested peatlands on the distribution and

abundance of macroinvertebrates. They concluded that open drains did not significantly

affect the numbers and distribution of surface-active macroinvertebrates. However,

Blackith (1974) that found disturbances in the form of levelling, drainage, fertilizer

applications, and the planting of grass had a dramatic effect on Collembola species

composition in peatlands. Under these conditions Collembola were able to penetrate to

greater soil depths in modified peatlands than in pristine peatland conditions. Similarly,

Blades and Marshall (1994) had conducted surveys of terrestrial invertebrates in southern

Ontario peatlands and found that the macroinvertebrate community of the Wainfleet Bog

was not representative of pristine peatland conditions. They suggested that a shift in the

macroinvertebrate community had occurred because peat harvesting had created drier soil

moisture conditions, altered the vegetative community and increased the availability of

nutrients.
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3.0 MATERIALS AND METHODS

3.1 Study Area

The Wainfleet Bog is the largest provincially significant wetland in the Niagara

Region. The bog is located in southern Ontario near the cities of Port Colbome and

Welland (Figiire 1). The bog is approximately ISOOha in size and has peripheral areas of

fen, marsh and swamp forest. The elevation ofthe bog is between 175.5 m and 178.5 m

on the Haldimand Clay Plain at a latitude of 42°55'N and a longitude of 79°17'W. The

bog has an east-west length of approximately 5km and a north-south expanse of

approximately 3.5km. Adjacent land uses include agriculture, quarrying, and a major

highway. The Wainfleet Bog is relatively young and shallow with a maximum peat

depth of 5m, and an approximate average peat depth of 3m. Soil cores and tests of the

lowermost organic stratum suggest that the age of the Wainfleet Bog is approximately

5000 years (Nagy and Warner 1999).

Over the last centiuy, Wainfleet Bog has been extensively mined for peat moss,

initially by block-cutting methods and later by vacuum harvesting. The central portions

of the bog are the most disturbed. The extraction of peat has resulted in serious

ecological impacts within the bog where the most disturbed areas were completely

stripped of vegetation to expose the peat; exposed peat was allowed to dry, and was then

harvested using vacuum machinery. The bog's hydrology has also been severely altered

through the construction of drainage ditches typically found at 30-m intervals in the peat

extracted zones and on the two long edges. The result is a much drier peatland with

severe fluctuations in water
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table levels as high as Im (Diamond et al 2003). Consequently, this bog has very little

living Sphagnum cover, is vulnerable to fire and has been extensively colonized by the

non-native Betulapendula (European White Birch).

The only relatively undisturbed area within the bog has been designated an Area

ofNatural and Scientific Interest (ANSI). The ANSI is 200ha in size and has not been

subjected to direct peat harvesting or its related impacts. However, peat extraction and

drainage in the other sections of the bog have allowed for some negative influence in

water table levels and there is some evidence of invasion by the non-native B. pendula in

the ANSI.

In terms of vegetative commimity, Trembling Aspen (Populus tremuloides). Birch

{Betula spp.) and Black Cherry (Prunus serotina) form a forest belt between the interior

of the bog and the surrounding farm land (Jonnson-Ninniss and Middleton 1991).

Disturbed areas of the bog are either dominated by exposed peat, with some tall

ericaceous shrubs such as Aronia melanocarpa and Vaccinium corymbosum, or they have

a closed canopy of primarily B. pendula. In the most recent vacuum-mined sites, often

only three species are present including hair-cap moss (Polytrichum strictum), bunch

cotton-grass (Eriophorum vaginatum) and B. pendula. The least disturbed areas are open

with the typical hummock/hollow complex and a few scattered trees; the ground cover is

predominantly Sphagnum mosses and ericaceous shrubs.
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3.2 Study Design

Decomposition experiments were conducted over two separate field seasons in the

peat-harvested areas of the Wainfleet Bog. The first field season was fi-om 4 May 2002

to 4 May 2003, and the second field season was fi"om 10 May 2003 to 10 May 2004.

Another decomposition experiment was added onto the second field season fi-om 24

November 2003 to 24 November 2004. Modifications to the experimental design were

implemented in the second field season in response to the results ofthe first season as

described below.

3.2.1 The 2002-2003 Field Season

Peat harvesting in the Wainfleet Bog has occurred throughout the last century

with various areas of the bog being peat-mined at different times. Jonsson-Ninniss and

Middleton (1991) determined the year of abiindonment for these areas within the bog by

cross-checking aerial photographs with records of the peat mining company. Four areas

selected for this research were located in the areas of the bog where peat mining occurred

in 1962 (A plots), 1980 (B plots), 1985 (D plots), and a previously peat-mined area that

was disturbed by fire in 1998 (C plots) (Figure 2). The study areas would therefore

represent 40, 22, 17, and 4 years respectively of natural, unassisted regeneration of

ground vegetation. A regenerated layer ofSphagnum and brown mosses with ericaceous

shrubs characterizes the 40-year disturbance zone. The 22-year and 1 7-year disturbance

zones are characterized by bare peat soils with extensive colonization by B. pendula with

regenerating brown mosses. The 4-year disturbance zone was subjected to a severe fire

in 1998 and the regenerating flora consists of 5. pendula with bare peat soils. Each of the

selected disturbance zones has an area of approximately 5ha.
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The selection of study plots was carried out by randomly selecting Global

Positioning System (GPS) coordinates of 5 plots within each disturbance zone resulting

in a total of 20 plots. Where a randomly selected site was found to be inaccessible due to

thick tree stands or if a plot was located in a drainage ditch, the next randomly selected

plot was used in its place.

At each of these 20 plots, 16 micro-ecosystems or microcosms consisting of a

section ofpeat soil with a 35cm length, 25cm width and 20cm depth were delineated in

the ground. These microcosms were arranged in the ground in four rows of four.

Microcosms within each row were separated by one metre and each row was separated by

two metres. At each of the 20 plots, each row of four microcosms was randomly

assigned one of four moisture treatments. These four treatments, a Control, Container

Wet, Container Dry and No Container Wet represented a variety of soil moisture

conditions that ranged from dry to increasing levels of wetness. An explanation of each

treatment describing the microcosm design and its moisture application used in this field

season can be found in Table 1 . Bog water from the open drainage ditches was used for

moisture applications. The layout of a plot can be found in Figure 3A, which shows the

four rows ofmicrocosms with their assigned treatments.

A total of 320 microcosms was used with 80 replicates for each moisture

treatment. There was also a two-week interruption from 14 September 2002 to 28

September 2002 because no water was accessible in the bog £is a result of extremely dry

weather conditions.
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A.

B.

C.

Figure 4. Photographs of the microcosm setup for (A) No Container Wet and Control,

(B) Container Wet and Container Dry and (C) Container Wet Cover treatments in the

field.
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3.2.2 The 2003-2004 Field Season

The second field season was conducted from 10 May 2003 to 10 May 2004 with

several modifications to the study design. The five plots from the 1980 peat-mined area

in Figure 2 were the only ones used in this field season because this area had a reliable

source of water for the experimental treatments. Treatments were also modified to obtain

a wider range of soil moisture conditions.

Four moisture treatments were used in the 2003-2004 field season and included a

Control, Container Wet, Container Wet Cover and Container Saturation. An explanation

of each treatment describing the microcosm design and its moisture application used in

this field season can be found in Table 1 . Three of the treatments {Control, Container

Wet, Container Wet Cover) were applied at the 5 plots. The size of the microcosms

remained the same as for the 2002-2003 field season. These microcosms were arranged

in three rows of four (Figure 3B). Microcosms within each row were separated by 1

metre and each row was separated by 2 metres. At each of the 5 plots, each row of four

microcosms was randomly assigned one of three moisture treatments. Each of these

moisture treatments was thus replicated 20 times. The fourth treatment, Container

Saturation consisted ofmicrocosms placed in a bog drainage ditch on the north portion of

the 1980 jjeat-mined area (Figure 5). Microcosms were positioned in two rows often

with 1 -metre spacing between microcosms. A layout showing the placement along the

edge of a drainage ditch can be found in Figiore 6. This moisture treatment was also

replicated 20 times.
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Figure 5. Location of study plots and Container Saturation location (CS) in the

Wainfleet Bog in the 2003-2004 field season.
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Figure 6. A schematic of the Container Saturation (CS) layout for the 2003-2004 field

season.
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Figure 7. A series of photographs showing the construction (A and B) and field examples

(C and D) of the microcosm for Container Saturation.
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33 Litter Bags

Litter bags were used extensively in my study in order to measure decomposition.

For both field seasons, litter bags contained wooden toothpicks while in the second field

season, litter bags contained Whatman 1 filter paper and Betulapendula leaves.

Sphagnum mosses and other native bog flora of the Wainfleet Bog were not used in the

litter bags because the Niagara Peninsula Conservation Authority does not allow for the

harvesting of native plant material in their conservation areas. B. pendula leaves were

used in the litter bags of this study to assess their level of decomposition in the Wainfleet

Bog due to their massive colonization of this peatland. The rationale for the use of

artificial substrates such as toothpicks and filter paper in the litter bags was discussed in

Section 2.4

Each litter bag was constructed fi-om nylon mesh that had a 1mm by 1mm mesh

size. Standard toothpicks were sewn into litter bags with 10-cm by 5-cm dimensions and

Whatman grade 1 filter paper (a 90-mm circle) was sewn into litter bags with 10-cm by

10-cm dimensions. One hundred imtreated toothpicks and Whatman 1 filter papers were

randomly selected, dried and weighed on a Z-7214 Ainsworth Type 28N balance and

their individual masses were recorded to establish initial masses. Dry mass was recorded

to ±0.0001 g.

In the case of 5. pendula, live leaves were collected at a height of2m fi-om tree

stands in the Wainfleet Bog in mid-September 2003. Collections were taken to a Brock

University laboratory and placed in a drying oven at SS^C xmtil a stable dry mass was

obtained. Birch leaf samples of 2.5g were sewn into litter bags constructed fi-om a nylon

mesh with 20-cm by 10-cm dimensions.
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All litter bags were buried vertically into the peat soil at a 5-cm depth in each

microcosm. When litter bags were removed from the soil they were immediately taken to

a Brock University laboratory for further processing. At the laboratory, toothpicks,

Whatman 1 filter, and B. pendula leaves were removed from the litter bags and carefiilly

cleaned with distilled water and a light brushing. The litter was dried at 35°C until a

stable dry mass was obtained. Litter was weighed on a Z-7214 Ainsworth Type 28N

balance and its dry mass was recorded. Dry mass was recorded to ±0.0001 g.

In addition, for all litter bag studies, 1 used the one-year mass loss value to

calculate the exponential decay coefficient k for each moisture treatment as outlined by

Olsen ( 1 963). Decay coefficients were calculated according to:

In (X,/Xo) = -At

where Xo is the initial mass, Xt is the residual litter mass at time t expressed as a

proportion of initial dry mass, and k is the decay constant expressed in years.

The appeal of this exponential model arises from the fact that a single constant k,

characterizes the loss ofmass, thereby facilitating comparisons with other data sets and

simplifying attempts to model the accumulation of organic carbon in soils (Olsen 1963).

The assumption underlying this single exponential model is that either the absolute

decomposition rate decreases linearly or the relative decomposition rate remains constant,

33.1 The 2002-2003 Field Season

Four litter bags containing one toothpick each were buried into the peat soil of

each microcosm on 4 May 2002. One litter bag was carefully removed from each

microcosm on 8 June 2002, 10 August 2002, 9 November 2002 and 4 May 2003. These
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dates represented one, three, six, and twelve months of soil incubation under specified

moisture treatments with 80 replicates per treatment being removed at each time period.

In summary, the design was as follows:

4 Treatments X 4 Time Intervals X 4 Disturbance Zones X 20 Microcosms^ 1280

samples.

3.3.2 The 2003-2004 Field Season

Wooden Toothpicks and Filter Paper

Twelve litter bags with six containing two toothpicks and six containing one

Whatman 1 filter paper were buried into the soil of each microcosm on 10 May 2003.

One litter bag containing toothpicks and one bag containing one Whatman 1 filter paper

were careftilly removed fi-om each microcosm on 7 June, 6 July, 9 August, 7 September,

8 November of 2003 and 10 May of 2004. These dates represented one, two, three, four,

six, and twelve months of soil incubation under specified moisture treatments with 20

litter bags containing two toothpicks and 20 litter bags containing one Whatman 1 filter

paper p)er treatment being removed at each time period. In summary, the design was as

follows: 4 Treatments X 6 Time Intervals X 20 Microcosms= 480 samples Whatman 1

filter paper; 4 Treatments X 6 Time Intervals X 20 Microcosms X 2= 960 samples of

toothpicks.

Betulapendula leaves

Forty litter bags were buried into the peat soil on 24 November 2003 with twenty

bags each placed into the Control and Container Saturation microcosms. All litter bags

were carefully removed fi-om each microcosm on 24 November 2004, after one year of

incubation in the peat soil.
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3.4 Statistical Analysis for Litter Bags

Two statistical methods, the Analysis of Variance and the Regression Analysis,

are commonly used in the scientific literature for analysing data from litter bag studies

(Wieder and Lang 1982; Prescott et al. 2000; Thormann et al. 2001 ; Gulis and

Suberkropp 2003; Neher et al. 2003; Ashton et al. 2005; Rueda-Delgado et al. 2006).

Both statistical methods were used to analyse the data for all litter bags trials in my study.

3.4.1 The 2002-2003 Field Season Litter Bags: Toothpicks

A Repeated Measures Analysis ofVariance under the General Linear Model was

performed on the data using SPSS 9.0 as described by Howell (2002). The variables

Treatment and Disturbance Zone Type were entered as fixed factors and Time was

entered as the repeating factor effects. The three-way interaction, and all two-way

interactions were also considered in the model. A schematic of the model can be found

in Box 1 . These data satisfied the assumptions of normality and sphericity. The

Bonferroni Test was used as a post hoc analysis. Additional multiple comparisons were

carried out using the One-way Analysis of Variance and One-Way Repeated Measures

Analysis of Variance.

An Analysis of Covariance under the General Linear Model was used as an

alternative method of statistical analysis for these data to increase statistical power using

SPSS 9.0 as described by Howell (2002). The variables Treatment and Disturbance Zone

Type would be entered as fixed factors and Time entered as a Covariate to account for

Time as a continuous variable. However, these data did not satisfy the assumption of

homogeneity of regression.
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Box 1: Null Hypothesis and Statistical Model for litter bags containing wooden

toothpicks paper under Control, Container Wet, Container Dry, and No Container Wet

moisture treatments from May 2002-2003.

Null Hypothesis

Changes to soil moisture levels do not significantly influence the decomposition of

toothpicks in different disturbance zones of a peatland over time

Statistical Model

Mass of Toothpicks = intercept + treatment effect + disturbance zone effect + time effect

+ interaction effects

Factor Definition

Treatment Effect: The effect of a specified moisture application (Control, Container Wet,

Container Dry, No Container Wet) on the mass loss of the toothpicks.

Disturbance Zone Effect: The effect of the length of time of soil regeneration (4-year, 17-

year, 22-year, 40-year) on the mass loss of the toothpicks.

Time Effect: The effect of the length of time (1 month, 3 months, 6 months, 12 months)

of soil incubation on the mass-loss of toothpicks.

3.4.2 The 2003-2004 Field Season Litter Bags: Toothpicks and Whatman 1

Filter Paper

A Repeated Measures Analysis of Variance under the General Linear Model was

performed on these data using SPSS 9.0 as described by Howell (2002). The variable

Treatment was entered as fixed factor and Time was considered as a repeating factor and

Treatment by Time was the interaction effect. A visualization of the model can be found

in Box 2. These data satisfied the assumptions of normality and sphericity. The

Bonferroni Test was used as a post hoc analysis. Additional multiple comparisons were

carried out using the One-way Analysis of Variance and One-way Repeated Measures

Analysis of Variance.

Similarly to Section 3.4.1 an Analysis of Covariance under the General Linear

Model was used as an alternative method of statistical analysis for these data to increase

statistical power using SPSS 9.0 as described by Howell (2002). The variable of
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Treatment was entered as a fixed factor and Time entered as a Covariate to account for

Time as a continuous variable. Again, these data did not satisfy the assumption of

homogeneity of regression.

Box 2: Null Hypothesis and Statistical Model for litter bags containing wooden

toothpicks/Whatman 1 filter paper under Control, Container Wet, Container Wet Cover

and Container Saturation moisture treatments fi-om May 2003- May 2004.

Null Hypothesis

Changes to soil moisture levels do not significantly influence the decomposition of

toothpicks/Whatman 1 filter paper in disturbed peatlands over time.

Statistical Model

Mass of Toothpicks/Whatman 1 filter paper = intercept + treatment effect + time effect

+ interaction effect

Factor Definition

Treatment Effect: The effect of a specified moisture application (Control, Container Wet,

Container Wet Cover, Container Saturation) on the mass loss of the toothpicks/Whatman

1 filter paper.

Time Effect: The effect of the length of time (7 month, 2 months, 3 months, 4 months,

6 months, 12 months) of soil incubation on the mass loss of toothpicks/Whatman 1 filter

paper.

3.4.3 The 2003- 2004 Field Season Litter Bags: Betula pendula

A non-parametric Marm-Whitney Test was used in SPSS 9.0 to test the effect of

moisture on the decomposition of birch leaves with the Control and Container Saturation

being the treatment effects. These data did not satisfy the assumption of equality of

variance. A visualization of the model can be found in Box 3.
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Box 3: Null Hypothesis and Statistical Model for litter bags containing B. pendula leaves

under Control and Container Saturation moisture treatments from November 2003-

November 2004.

Null Hypothesis

Changes to soil moisture levels do not significantly influence the decomposition of

birch leaves in disturbed peatlands.

Statistical Model

Mass of Birch Leaves = treatment effect

Factor Definition

Treatment Effect: The effect of a specified moisture application {Control, Container

Saturation) on the mass-loss of the birch leaves.

3.5 Invertebrate Decomposers

3.5.1 The 2002-2003 Field Season

A non-destructive technique utilizing common inexpensive clay plant pots was

used to monitor macro-invertebrates. Clay plant pots with dimensions of 7cm in diameter

at the top, 4cm in diameter at the bottom and 7cm in height were selected for use in this

study. One pot was buried flush with the surface of the soil in each microcosm. The pots

were filled with soil so that only the upper rim was visible. The pots could be lifted

easily from the soil to reveal a truncated conical pit with the same dimensions as the clay

pot. The pots were porous baked clay that formed only a minor barrier to the movement

of heat, moisture, and gases. The soil invertebrates that collected on the surface between

the pot and soil could be repeatedly recorded with only limited disturbance by gently

lifting and then replacing the pots. The walls of the pits were re-contoured with a trowel

whenever necessary.
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All pots were observed between 0800h and 1400h local time. Each pot was

checked biweekly from 18 May 2002 to 5 October 2002 for a total of eleven weeks of

observations with a total of 3520 observations being recorded over this field season. In

summary, the design was as follows: 4 Treatments X 1 1 Time Intervals X 80

Microcosms^ 3520.

The number and type of animals that were easily visible to the naked eye were

recorded. Most animals were recorded according to their order-level taxonomic grouping

except the oligochaetes, isopods, nematodes, and gastropods that were recorded to a

coarser level of identification. Invertebrates in taxonomic groups such as Acari (mites),

Araneae (spiders), Coleoptera (beetles), Collembola (springtails), Diptera (flies),

Hemiptera (true bugs), Hymenoptera (ants, bees and wasps), Julida (millipedes),

Lithobiomorpha (centipedes), Orthoptera (crickets and grasshoppers), and

Pseudoscorpiones (pseudoscorpions) were monitored. Animals were identified according

to taxonomy described in Borror et al. (1992). The observation of the clay pots took

place before any moisture had been applied.

3.5.2 The 2003-2004 Field Season

The methodology used the in the 2003-2004 field season was the same as used in

section 3.5.1. Each pot was checked biweekly from 18 May 2003 to 1 1 October 2003 for

a total of eleven weeks of observations with a total of 880 observations being recorded

over the study period. In summary, the design was as follows: 4 Treatments X 1 1 Time

Intervals X 20 Microcosms= 880.
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3.6 Statistical Analysis for Macroinvertebrate Decomposers: CoUembola

3.6.1 The 2002-2003 Field Season

The only macroinvertebrate decomposers used in this statistical analysis were the

CoUembola, for two reasons: 1) Very few decomposer macroinvertebrate taxa other than

CoUembola were found with any frequency; 2) The other taxon that was observed with a

high frequency was the Coleoptera, but most ofthem were larval forms that could not be

identified wdth certainty as decomposers because many predatory larvae exist in these

groups.

The assumptions of normality and equality of variance were not satisfied by

these data. Based on this, the statistical analysis followed the non-parametric procedure

described by Montgomery (2001). Data were rank transformed and a Repeated Measures

Analysis of Variance under the General Linear Model on the ranks was performed using

SPSS 9.0 with Treatment and Disturbance Zone Type entered as fixed factors and Time

as the repeating factor. The three-way interaction and all two-way interactions were also

considered in the model. A visualization of the model can be found in Box 4. The

Bonferroni Test was used as a post hoc analysis.
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Box 4. Null Hypothesis and Statistical Model for the number of macroinvertebrate

decomposers under Control, Container Wet, Container Dry and No Container Wet

moisture treatments from May 2002- May 2003.

Null Hypothesis

Changes to soil moisture levels do not significantly influence the number of Collembola in

each disturbance zone through the season in a disturbed peatland.

Statistical Model

Number of Collembola = intercept + treatment effect + disturbance zone effect + time effect

+ interaction effects

Factor Definition

Treatment Effect: The effect of a specified moisture application {Control, Container Wet,

Container Dry, No Container Wet) on the abundance of Collembola.

Distiirbance Zone Effect: The effect of the length of time of soil regeneration {5-year, 17-

year, 22-year, 40-year) on the abundance of Collembola.

Time Effect: The effect of the time of year {Weeks 1 to 11) on the abundance of Collembola.

3.6.2 The 2003-2004 Field Season

The abundance of Collembola was used in the statistical model for the same

reasons as in the 2002-2003 field season. The assumptions of normality and equality of

variance were not satisfied by these data. Again, based on these violations the statistical

analysis followed the non-parametric procedure described by Montgomery (2001). Data

were rank-transformed and a Repeated Measures Analysis of Variance under the General

Linear Model on the ranks was performed on these data using SPSS 9.0 with Treatment

entered as fixed factor and Time considered as a repeating factor. The two-way

interactions were also considered in the model. A visualization of the model can be

found in Box 5. The Bonferroni Test was used as a post hoc analysis.
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Box 5. Null Hypothesis and Statistical Model for the number of macroinvertebrate

decomposers under Control, Container Wet, Container Wet Cover and Container

Saturation moisture treatments from May 2003-2004.

Null Hypothesis

Changes to soil moisture levels do not significantly influence the number of CoUembola
through the season in a disturbed peatland.

Statistical Model

Number of CoUembola = intercept + treatment effect + time effect + interaction effects

Factor Definition

Treatment Effect: The effect of a specified moisture application (Control, Container Wet,

Container Wet Cover, Container Saturation) on the abundance of CoUembola.

Time Effect: The effect ofthe time of year {Weeks 1 to 11) on the abundance of

CoUembola
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4.0 RESULTS

For Sections 4.1, 4.2 and 4.3 only the results from the Repeated Measures

Analysis of Variance are reported. This approach has less statistical power, but it did not

violate any statistical assumptions, unlike the Analysis of Covariance. In all cases the

two statistical approaches yielded the same ecological conclusions.

4.1 Decomposition of Toothpicks 2002-2003

The decomposition of toothpicks from the 2002-2003 field season for Treatment

(Container Wet, Container Dry, No Container Wet, Control) in the Disturbance Zone

Types (4-year, 17-year, 22-year, 40-year) through Time (1, 3, 6, 12 months) is shown in

Figure 8. There were some significant differences that occurred among the groups in

this model.

After 12 months of soil incubation, toothpicks had generally lost 40 % of their

original mass, which indicates a significant main effect for Time (Table 2). The main

effect for Treatment was significant (Table 2) however, a post hoc test did not find a

significant difference (p>0.05) of decomposition between treatments. I found that the

Container Wet treatment only reduced the decomposition by 1 % to 3 % when compared

to the other three treatments after 12 months. The significant main effect for Treatment is

likely an artifact caused by the significant interaction between Treatment and Disturbance

Zone Types (Table 2). Investigation of this interaction found the effect ofTreatment is

not consistent between the Disturbance Zone Types. I found the effect of Container Wet

significantly (p<0.05) reduced the decomposition by 8 % when compared to the other

three treatments only in the 40-year disturbance zone at the 6-month interval. This may

suggest that the environmental conditions of the 40-year disturbance zone allow for
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greater retention of moisture from the Container Wet treatment resulting in greater

reductions of decomposition.

I discovered that toothpicks in the 40-year disturbance zone had significantly less

decomposition than the other three disturbance zones (4-year, 17-year, 22-year). This

effect was greatest after 12 months of soil incubation where toothpicks in the 40-year

disturbance zone had decomposed 10 % less than the other three disturbance zones.

Again, this suggests that the environmental conditions of the 40-year disturbance zone

reduce the decomposition of the toothpicks when compared to the other disturbance

zones of the bog.
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Table 2. Results of the Repeated Measures Analysis of Variance of the decomposition of

toothpicks assessed at 1, 3, 6, and 12 month by Moisture (Container Wet, Container Dry,

No Container Wet, Control) and by Disturbance Zone Types (4-year, 1 7-year, 22-year,

40-year) in the 2002-2003 field season.

Source
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4.2 Decomposition of Toothpicks 2003-2004

The decomposition of toothpicks from the 2003-2004 field season for Treatment

(Container Wet, Container Wet Cover, Container Saturation, Control) through Time (1,

2, 3, 4, 6, 12 months) is shown in Figure 9. There were many significant differences that

occurred among the groups in this model.

After 12 months of soil incubation, toothpicks generally had lost 35 % of their

original mass, indicating that there was a significant main effect for Time (Table 3).

Differences among treatments were far stronger in this field season due to new treatment

modifications. The main effect for Treatment was significant (Table 3) and a post hoc test

found that the Container Saturation had significantly less (p<0.05) decomposition than

the other three treatments. In addition, the Container Wet Cover had significantly less

(p<0.05) decomposition than the Control. However, the interaction between Treatment

and Time was significant indicating that the effect of Treatment was not consistent

through Time (Table 3). As seen in Figure 9 at month 4, the Container Saturation

treatment began to reduce the decomposition of the toothpicks significantly (p<0.05)

when compared to the other treatments. The effect shown in the Container Saturation

treatment continue until month 12. By month 12, the mass loss oftoothpicks found in the

microcosms of Container Saturation was only 12 %. The decomposition for the other

treatments was much greater at month 12. When compared to Container Saturation, the

mass loss was 22 % greater for Container Wet Cover, 25 % greater for Container Wet

and 30 % greater for the Control. In addition, the 8 % mass loss difference between

Container Wet Cover and the Control was significant (p<0.05) at month 12.
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These results demonstrated that significant reductions in toothpick decomposition

can be obtained with the soil moisture conditions provided by the Container Saturation

and to a lesser degree by the Container Wet Cover.
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Table 3. Results of the Repeated Measures Analysis of Variance of the decomposition of

toothpicks assessed at 1, 2, 3, 4, 6, and 12 months by Treatment {Container Wet,

Container Wet Cover, Container Saturation, Control) during the 2003-2004 field season.

Source df MS
SS for Between Effects

Treatment

Error

3 0.01277

126 0.0001719

74.293 <0.001

SS for Within Effects

Time
Time • Treatment

Error

5
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4.3 Decomposition of Whatman 1 Filter Paper 2003-2004

The decomposition of Whatman 1 fiUer paper from the 2003-2004 field season for

Treatment (Container Wet, Container Wet Cover, Container Saturation, Control) through

Time (1, 2, 3, 4, 6, 12 months) is shown in Figure 10. As with the 2003-2004 toothpick

study, there were many significant differences among the groups in this model.

After 12 months of soil incubation, filter papers had generally lost 75 % of their

original mass indicating that there was a significant main effect for Time (Table 4). As

with the toothpicks from the 2003-2004 field season, the main effect for Treatment was

also significant (Table 4) and a post hoc test found that the Container Saturation had

significantly less (p<0.05) decomposition than the other three treatments (Container Wet,

Container Wet Cover, Control). However, the interaction between Treatment and Time

was significant, which indicates that indicating the effect of Treatment was not consistent

through Time (Table 4). By month 3, the filter paper in the Container had significantly

(p<0.05) less decomposition than filter paper in the Container Wet and the Control. As

seen in Figure 10, 1 found that the effect of^ Container Saturation is maintained until

month 12. After 12 months of soil incubation, filter paper mass loss in Container

Saturation was only 61 % compared to 85 % and 83 % for the Control and Container

Wet respectively. This is more than a 20 % reduction in decomposition. In terms of the

comparison between Container Saturation and Container Wet Cover, there was no clear

difference found throughout the duration of this field season except at month 4 where

Container Saturation had significantly (p<0.05) less decomposition than Container Wet

Cover. I also found the effect of the Container Wet Cover freatment to significantly

reduce decomposition at month 12 when compared to the Control and Container Wet.





56

The total mass loss for filter paf)er in the microcosms of Container Wet Cover after 12

months was 70 %.

Again, these results demonstrate that significant reductions in filter paper

decomposition were obtained with the soil moisture conditions provided by Container

Saturation and to a lesser degree by Container Wet Cover as compared to the Control.
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Table 4. Results of the Repeated Measures Analysis of Variance of the decomposition of

Whatman 1 filter paper assessed at 1, 2, 3, 4, 6, and 12 months by Treatment {Container

Wet, Container Wet Cover, Container Saturation, Control) during the 2003-2004 field

season.

Source df MS F P

SS for Between Effects

Treatment

Error

SS for Within Effects

Time
Time * Treatment

Error

Total 413

3
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4.4 Decomposition of Betula pendula leaves 2003-2004

The results from this trial indicate that there was significantly (Mann-Whitney,

U=36, p<0.001) greater mass loss of 5. pendula leaf litter under the Control moisture

variant as compared to the Container Saturation after one year (November 2003 to

November 2004) of soil incubation (Figure 1 1). The mean mass of 5. pendula leaves for

the Control was 0.81 grams representing approximately 68 % mass loss over one year.

Mass loss of 5. pendula leaves was significantly less in Container Saturation with a

mean mass of 1.24 grams representing approximately 50 % mass loss over one year of

soil incubation. This shows that Container Saturation treatment reduced the

decomposition ofB. pendula leaves by 18 %.
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4.5 CoUembola 2002-2003

The number of CoUembola from the 2002-2003 field season for Treatment

(Container Wet, Container Dry, No Container Wet, Control) in the Disturbance Zone

Types (4-year, 17-year, 22-year, 40-year) through Time (Weeks 1 to 1 1) are shown in

Figure 12.

The main effect for Time was significant (Table 5) and a post hoc test found

significantly greater numbers of CoUembola in the weeks 7 to 1 1 compared to weeks 2 to

4. This may have been caused by CoUembola populations responding to warmer and

drier soil conditions of the summer as the field season progressed.

The main effect for Treatment was significant (Table 5) and a post hoc test found

that the Container Wet moisture variant had significantly fewer CoUembola than the other

treatments. As shown in Figure 12, the Container Wet treatment consistently had the

lowest number of CoUembola when compared to the other treatments throughout the 1

1

weeks of observations. This indicates that the moisture application used in Container Wet

is successful in deterring CoUembola.

The main effect for Disturbance Zone Type was also significant (Table 5) and a

post hoc test found the 40-year disturbance zone had significantly fewer CoUembola than

the 4-year disturbance zone. The 40-year disturbsince zone had the lowest abundance of

CoUembola and the 4-year disturbance zone had the greatest. The large gap in time of

natural regeneration and the possible differences in soil ecology between these

disturbance zones may explain the difference in CoUembola populations. No other

differences were found between disturbance zones.
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There was a significant interaction between Treatment and Time (Table 5) which

indicates that the effect of Treatment was not consistent through Time. Significant

differences in treatments were found at weeks 8, 9, and 1 1 where the Container Wet had

significantly fewer Collembola than the other three treatments. The effect of moisture of

the Container Wet treatment was most effective in the mid-summer of the field season

when soil conditions were at the driest.

The three-way interaction was significant (Table 5) which indicates that the effect

of Treatment and Disturbance Zone Type was not consistent throughout Time. It was

found only in the 4-year disturbance zone that the Container Dry, No Container Wet and

the Control had significantly (p<0.05) greater nimibers of Collembola than the Container

Wet in weeks 8, 9, and 10 as seen in Figure 12. This shows that there is some evidence

that the Container Wet treatment can act as a significant deterrent to Collembola, with the

greatest effect occurring under the extremely dry mid-sxmimer conditions of the

Container Dry in the 4-year disturbance zone. Other significant differences that were

found in this interaction did not appear to be biologically meaningful.
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Table 5. Results of the Repeated Measures Analysis of Variance on the number of

Collembola decomposers by Treatment (Control, Container Wet, Container Dry, No
Container Wet), by Disturbance Zone Types (5-year, 17-year, 22-year, 40-year) and by

Time (1 1 weeks) in the 2002-2003 field season.

Source



0*'
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4.6 Collembola 2003-2004

The number of Collembola from the 2003-2004 field season for Treatment

(Container Wet, Container Wet Cover, Container Saturation, Control) through Time

(Weeks 1 to 11) are shown in Figure 13.

The main effect for Treatment was not significant (See Table 6) which indicates

that the moisture treatments applied to the microcosms did not influence the abundance

of Collembola in this field season. However, the main effect for Time was significant

(See Table 6) and a post hoc test found in week 10 had significantly more Collembola

than weeks 3, 8 and 9, but this difference was isolated and may be part of a population

spike.

The significant two-way interaction was also found (Table 6) indicating the effect

of Treatment was not consistent through the 1 1 weeks of the 2003-2004 field season.

The investigation of the interaction revealed that significantly greater numbers of

Collembola were observed in the Container Wet Cover compared to the other treatments

and the Control at week 4. At week 10 significantly greater numbers of Collembola were

found in the Container Wet and Container Wet Cover than in the Container Saturation

and the Control, but no difference was detected between Container Wet and Container

Wet Cover. At week 1 1 , significantly greater numbers of Collembola were found in the

Control compared to the other treatments. These differences appear to be random in

nature and may not have any biological meaning that could be teased out by the methods

used in this study.
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Table 6. Results of the Repeated Measures Analysis of Variance on the nximber of

Collembola by Treatment {Container Wet, Container Wet Cover, Container Saturation,

Control) by Time (1 1 weeks) during the 2003-2004 field season.

Source df MS
SS for Between Effects

Treatment

Error

SS for Within Effects

Time
Time . Treatment

Error

3
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5.0 DISCUSSION

The impacts of peatland extraction and drainage on decomposition have been well

documented (Lieffers 1988; Santelmann 1992; Latter et al. 1998; Waddington et al.

2003b; Mack et al. 2004). The first step in returning a harvested peatland to a fully

functioning peat-accumulating ecosystem is through the restoration of its hydrology

(Francez and Vasander 1995; Van Seters and Price 2001; Gorham and Rochefort 2003).

However, decomposition processes in rewetted disturbed peatlands have not been

extensively examined. My study has attempted to improve our understanding of

decomposition processes in peatland ecosystems.

5.1 The Effect of Moisture on Litter Decay

The first objective of this study was to test the hypothesis that increasing soil

moisture levels in a disturbed peatland would decrease decomposition rates of natural and

artificial substrates. Over the course oftwo separate field seasons, I demonstrated that

increasing soil moisture levels to near-saturation levels, as well as stabilizing these

conditions, significantly reduced the decomposition of litters such as toothpicks, filter

paper and Betula pendula leaves.

The purpose ofthe treatments used in this study was to create a gradient of

moisture applications from dry to wet with a Control represented by existing conditions

found at theWainfleet Bog. The Container Wet treatment was used to create the greatest

rewetted soil conditions in the 2002-2003 field season and a moderate moisture

application in the 2003-2004 field season. According to Schouwenaars (1993), the

groundwater level in bogs reaches the surface during most of the year but may descend to

30cm below the soil surface in the summer. It was anticipated that the Container Wet
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treatment would mimic an effect in the microcosm comparable to the hydrological

conditions described by Schowenaars (1993). However, even though the Container Wet

treatment completely saturated the microcosm at the time of its application, the effect of

Container Wet only resulted in temporarily inundated soil moisture conditions because

the water that was applied quickly evaporated. For the most part, this treatment did not

reduce decomposition of wooden toothpicks or Whatman 1 filter paper when compared to

the Control. In addition, despite different climatic conditions between the two field

seasons, the mass loss oftoothpicks was approximately 36 % for the Container Wet

treatment for both field seasons. My study supports the work of other researchers, who

found that temporarily inimdating the soil with moisture does not reduce the

decomposition of litter. For example, Richert et al. (2000) found that temporarily

inundated soil conditions in a fen in Germany increased decomposition of plant material

and therefore could be detrimental to restoring peatlands. Similarly, Reddy and Patrick

(1975) found that alternating aerobic and anaerobic conditions caused by temporarily

inundated soil moisture stimulated the decomposition of organic matter in swamps. The

only evidence that the Container Wet treatment had a measurable decrease on

decomposition was at the 6-month interval in the 40-year disturbance zone that had

undergone significant soil regeneration.

It is possible that because the 40-year disturbance zone is characterized by the

presence ofbog flora such as a layer ofSphagnum and ericaceous shrubs, it has

regenerated a more complex soil structure than the other disturbance zones that are

characterized by bare peat. Therefore, the 40-year disturbance zone of the bog may have

a greater capacity to retain the moisture provided by temporary inundation and





70

consequently to provide conditions that can reduce the decomposition of litter. However,

this possibility should be considered with caution because the significant reduction in

decomposition was only observed in one time interval.

The purpose of the Container Wet Cover and the Container Saturation treatments

used in the 2003-2004 field season was to obtain a wider gradient of moisture treatments

than in the 2002-2003 field season. The Container Saturation treatment used on

microcosms created the wettest soil conditions and most closely mimicked the

hydrological conditions of undisturbed peatlands described by Schouwenaars (1993).

When compared to the Control, Container Saturation was foimd to reduce decomposition

of toothpicks by 30 %, Whatman 1 filter paper by 20 % and Betulapendula leaves by

18 %. When compared to the Control, the rewetting of the peat soil to moisture levels

obtained with the Container Saturation treatment demonstrated a clear reduction in

decomposition of litter that could not be achieved in the 2002-2003 field season.

The reductions in decomposition that the Container Saturation obtained support

the findings of Richert et al. (2000) that a sufficient water source is absolutely necessary

to maintain year-round soil moisture conditions in order to retard decomposition in a

peatland. Waddington et al. (2003b) found that Sphagnum decomposition in a Quebec

fen-bog complex that had been rewetted through blocking its drainage system fell within

the natural range reported for undisturbed peatlands. Similarly, Thormarm et al. (1999)

have suggested that water table levels in peatlands may have a greater effect on plant

litter decomposition than surface water chemistry and the chemical composition ofthe

litter.
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The majority of published studies using Utter bags with B. pendula leaves to

measure decomposition are typically carried out in non-peatland ecosystems. The mass

loss of 5. pendula in the Container Saturation treatment ofmy study was similar to that

provided by Palviainen et al. (2004). These researchers found that the mass loss of birch

litter was approximately 50 % over 1 year in both pristine forests and in areas that had

been clear-cut in Finland. The mass loss of the Control in my study was found to match

mass loss values reported in laboratory conditions and forests in England by Cotrufo et

a/. (1995) and Comelissen (1996).

Betulapendula is thriving on the acidic soils of the Wainfleet Bog with an

estimated 30000 stems/ha (Catling and Spicer 1988; Niagara Peninsula Conservation

Authority, unpublished data). The presence of extensive stands of the invasive B.

pendula is ecologically disturbing because peatlands are vulnerable to changes in nutrient

dynamics. Birch leaves decompose easily because of the low carbon to nitrogen ratio

found in the leaf tissue (Browning pers. comm). MacDonald (1992) reported that the

invasion of B. pendula in peatleinds can lead to the destruction of open vegetation since

non-acidic deciduous leaf litter often buries bog plants. Perala and Aim (1990) suggested

that birch trees usually improve soils by efficiently cycling nutrients. Miles and Young

(1980) reported that first generation birch stands on former heathland and moorlands in

Scotland had increased earthworm activity, produced higher soil pH, greater total P,

faster rates ofN mineralisation and cellulose decomposition, and more diverse ground

flora. The surface soil N, P, K, Ca, Mg and Mn concentrations were found to be

significantly elevated over original conditions (Miles and Young 1 980). Perala and Aim

(1990) suggest that the abundance of nutrients that birch forests create on Sphagnum peat
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soils stimulates microbial decomposition. Similarly, Neher et al. (2003) found that the

amount of nitrogen fertilizer applied to a variety of wetland ecosystems in their studies

was positively correlated with decomposition rates ofmuseum paperboard and balsa

wood substrates. Therefore, this suggests that nutrient release from B. pendula litter may

increase decomposition in peatlands such as the Wainfleet Bog.

I have found that high soil moisture conditions provided by the Container

Saturation treatment appear to mimic conditions that are required to reduce suflficiently

the decomposition of natural and artificial litters in a peat harvested bog. If soil moisture

levels were to be improved to those o{ Container Saturation throughout the peatland it is

likely that reductions in decomposition and nutrient release from litter would occur.

Another finding fi-om this study during the 2003-2004 field season was the

significant reduction in mass loss that the Container Wet Cover treatment had on the

decomposition of toothpicks and filter paper when compared to the Control. This

treatment provided not only moisture, but also some shading to the microcosm. Price et

al. (2003) have suggested that the use of straw mulch in peatland restoration would

provide shading that would reduce moisture losses through evaporation. Neher et al.

(2003) found that artificial shading reduces decomposition rates in open prairie areas to

those rates found in areas adjacent to forested areas. The effect of the Container Wet

Cover treatment lends support to the view that mulch or biodegradable matting material

can be used to stabilize the moisture regime of the surface of degraded peatlands. With

the addition of moisture, these covering techniques may be successful in reducing

decomposition in degraded peatlands.
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The pattern of decomposition between moisture variants in the 2003-2004 field

season was consistent between the toothpicks and Whatman 1 filter paper. With both

toothpicks and Whatman 1 filter paper, the greatest decomposition after 12 months

occurred with the Control, the second with Container Wet, the third with Container Wet

Cover and the least with Container Saturation. This pattern of decomposition for these

substrates matches a dry to wet moisture gradient of the treatments used in the 2003-2004

field season with the Control being the driest and the Container Saturation being the

wettest. Although in some cases differences between treatments were not significant,

these results provide evidence that the rewetting effect may be similar for other natural

and artificial litter types.

5.2 The Effect of Moisture on Frequency of Collembola

The second objective of this research was to test the hypothesis that increasing

soil moisture levels in a disturbed peatland would reduce the number of soil

macroinvertebrate decomposers such as Collembola. Increased soil moisture conditions

may affect the fi^equency of Collembola because these conditions would provide less

hospitable environmental conditions by hindering the ability of Collembola to feed and

penetrate into the soil to escape detection by predators.

The results found in the 2002-2003 field season show that increasing soil moisture

levels to those of the Container Wet treatment significantly reduced the number of

Collembola when compared to the Control. The temporary inundation provided by

Container Wet appears to deter the Collembola that preferred the other drier microcosms.

However, this effect was greatest in the mid-summer period in the 4-year disturbance

zone when soil moisture levels are typically very dry and warm (Niagara Peninsula
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Conservation Authority, unpublished data). In addition, the effect of the Container Wet

treatment was observed only in this disturbance zone and was limited to late summer.

Also, the reductions in CoUembola by the Container Wet treatment do not match the

pattern of toothpick decomposition in 2002-2003, where reductions in decomposition

were noted only in the 40-year disturbance zone at the 6-month interval with Container

Wet treatment. It is possible that other variables not measured in this study are

responsible for influencing the abundance ofCoUembola.

Unlike the clear effect of increased soil moisture levels on toothpick and filter

paper decay in the second field season, the patterns ofCoUembola abundance, based on

treatment, are less obvious and do not support the hypothesis that increased soil moisture

levels reduce the abundance of CoUembola. In the majority of observations, CoUembola

abundance was relatively similar across treatments, but significant increases in

CoUembola numbers were noted for Container Wet Cover at weeks 4 and 10, for

Container Wet at week 10 and for the control at week 11. These findings appear to be

random in nature and may not relate to the soil moisture levels foimd in the microcosm.

Also, it should be noted that the 2003-2004 field season was conducted only in the 1 7-

year disturbance zone, and reductions in CoUembola found in the 2002-2003 field season

by the Container Wet treatment could not be replicated in the 2003-2004 field season.

The abundance of CoUembola found in the Container Saturation treatment was

consistently low for the study period. However, it was not possible to discern whether

this was caused by increased soil moisture levels or caused by the design of the

microcosm which created access problems for the CoUembola. Based on the conflicting
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results from both field seasons, further studies are needed to investigate the relationship

of Collembola abundance and rewetted soil moisture conditions in a disturbed peatland.

It should also be noted that most soil ecologists estimate that macroinvertebrates

are responsible for approximately 2 % tolO % of organic matter decomposition in

terrestrial ecosystems (Petersen and Luxton 1982; Adl 2003). Though reductions in the

number of Collembola were observed with the Container Wet treatment for the 2002-

2003 field season, these reductions would only minimally alter the decomposition trend

in the peatland because the Container Wet treatment failed to significantly reduce

microbial decomposition. The moisture effect must be sufficient to reduce microbial

decomposition because these organisms are responsible for the majority of terrestrial

decomposition (Adl 2003). However, reductions in Collembola abundance caused by

rewetting may provide the first indication of directional change in the decomposer

community that is indicative of a less disturbed bog. A study of peatland Collembola by

Blackith (1974) found that waterlogged soil conditions of an undisturbed bog in Ireland

drove Collembola out of the peat soil for up to 6 months of the year. This study is useful

because it does provide an estimate of Collembola abundance in pristine peatland

conditions.

53 The Effect of Disturbance Zones

The third objective of this study was to test the hypothesis that increased time for

ecological regeneration in a disturbed peatland reduces the rates of decay of artificial

substrates and reduces the frequency of Collembola. The results ofmy study indicate

that the length of regeneration time does reduce the rates of decay of wooden toothpicks
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and, in part, reduces the frequency of CoUembola depending on the length of

regeneration.

It appears that a threshold of peatland regeneration with suitable flora

characteristics must be reached before a significant reduction of decay can be detected.

The 2002-2003 field season found wooden toothpicks placed in the 40-year disturbance

zone under control conditions had significantly less decomposition than toothpicks in the

4-year, 17-year and 22-year disturbance zones. Jonsson-Ninniss and Middleton (1991)

had found that the 40-year disturbance zone used in this study had regenerated

approxunately 50.8 % of its peatland vegetation at the time of their surveys. This zone

regenerated a complex soil structure consisting of a layer of living Sphagnum, ericaceous

shrubs and other brown mosses that may have allowed for greater retention of the

moisture that was responsible for retarding decomjxjsition. This also supports

Waddington et al. (2003b) who report that Sphagnum cover not only increases the

productivity of restored peatlands but also indirectly decreases peat and litter

decomposition.

The 4-year, 1 7-year and 22-year disturbance zones are each characterized by bare

peat, and no significant differences in mass loss were found among these disturbance

zones. Jonsson-Ninniss and Middleton (1991) found that the 17-year and 22-year

disturbance zones had regenerated approximately 33.3 % of their peatland vegetation at

the time of their study. The 4-year disturbance zone was impacted by a severe fire that

had destroyed much of the regenerating peatland vegetation. The shorter length of

ecological regeneration in these disturbance zones may explain the differences ofmass

loss of toothpicks when compared to the 40-year disturbance zone.
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The 2002-2003 field season also found that the 40-year disturbance zone had

significantly fewer Collembola when compared with the 4-year disturbance zone, but was

not significantly different from both 1 7-year and 22-year disturbance zones. As with the

toothpick study, there appears to be a threshold of peatland regeneration in which

Collembola frequency is negatively influenced. However, it is difficult to discern the

factors responsible for this pattern based on the data of this study. In the case of

Collembola monitoring techniques used in this study, a significant reduction in the

fi-equency of Collembola appears to occur when ecological regeneration is somewhere

between 4 years and 1 7 years.

5.4 Comparing Wainfleet Bog with other Studies

The fourth objective of this research was to assess the damage that peat extraction

has had on the Wainfleet Bog by quantifying the current rates of decomposition in the

disturbed portions of the bog and comparing these values with existing published values

for peatlands. This study provides the first estimates of decomposition for the Wainfleet

Bog and for a peatland in this region of southern Ontario. However, comparison with

other studies can only be based on the Whatman 1 filter paper results from the 2002-2003

field season because there are limited published studies that report on the decomposition

of wooden toothpicks or B. pendula litter in bog ecosystems.

The mass loss of cellulose in the form of Whatman 1 filter paper found in the

Control (existing conditions) at Wainfleet Bog was 85 %, which is greater than published

values found in undisturbed peatlands in Europe, the United States and Canada (Table 7).

The mass loss in undisturbed bogs is highly variable, ranging between 5 % and 55 % over
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Table 7. Comparison of cellulose mass loss at the surface of peatlands throughout

the world.

Location
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one to two years at different latitudes and climatic conditions. In addition, the estimates

of decomposition using litter bags in peatlands with natural and artificial litter show a

high level of variation among peatlands, among species and within single species

(Johnson and Damman 1991). Similarly, Ohlson (1987) found high spatial variation of

decomposition rates of Carex rostrata leaves in a Swedish mire caused by plant litter

quality and envirormiental conditions. Santelmann (1992) suggests that the variance in

mass loss can be attributed to differences in rates of colonization by decomposers caused

by variations in the physical and chemical composition of peat aroimd the substrate. The

mass loss of cellulose in the Wainfleet Bog was higher than any other study recorded in

the literature (Table 7). This is a rather coarse comparison ofpeatlands worldwide and it

should be interpreted with caution; none-the-less this comparison does highlight the

extreme decomposition rates of cellulose that is suggestive of a highly disturbed peatland.

I found that the mass loss of litter was dependent primarily on the moisture

content of peat soils. The effect of rewetting in the Wainfleet Bog significantly reduced

the decomposition of all litter types in this study. Although rewetting with the moisture

variants oi Container Saturation and Container Wet Cover significantly reduced the

decomposition of cellulose, the observed mass loss values of cellulose were still higher

than mass loss values reported in studies of undisturbed bog ecosystems found in Table 7.

This suggests that in the absence of other restoration techniques, rewetting is not the only

mechanism that should be used to return Wainfleet Bog to a peat-accumulating

ecosystem.
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5.5 The Ecological Importance of Rewetting in Peatland Restoration

The importance ofusing rewetting as a restoration strategy in a highly disturbed

peatland ecosystem such as the Wainfleet Bog should not be underestimated and can be

viewed as the first step towards its restoration. This study demonstrates the importance

of rewetting peatland soils to levels near those found in undisturbed conditions in order to

retard the decomposition of litter. The rewetting process contributes to a positive

feedback loop that promotes other ecological benefits in the regeneration of the peatland.

The Wainfleet Bog is similar to many cutover peatlands in northwest England

described by Meade (1992) that have a dry surface and have become dominated by

Betula. Meade (1992) suggests that raising water levels by blocking drains can create

conditions in which dominant plants are weakened and Sphagnum mosses can become

reestablished. Dieback of 5. pendula in areas of Wainfleet Bog where drainage ditches

have been blocked has been observed, thereby supporting this theory (Browning, pers.

comm). If the blocking of drainage ditches was implemented throughout the Wainfleet

Bog, then greater B. pendula mortality might be observed.

Restoration of a peatland to a carbon-accumulating ecosystem is dependent on the

successful recolonization oiSphagnum mosses. Poulin et al. (2005) suggested that

restoration measures such as rewetting are needed in vacuum-mined peatlands because

they found that no Sphagnum species were able to recolonize this type of peatland.

Rewetting is the key to reestablishing these moss species. However, Girard et al. (2002)

found that a peat-mined bog in Quebec could demonstrate considerable vegetative

regeneration but with only minimal Sphagnum cover regeneration after the

reestablishment of an appropriate hydrological regime. Therefore, the reintroduction of
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Sphagnum moss diaspores from local genetic sources in the appropriate hydrological

conditions may be necessary to ensure establishment ofSphagnum mosses. The most

successful expansions ofSphagnum cover in a United Kingdom peatland were observed

where soil levels were waterlogged rather than temporarily inundated (Meade 1992).

Seasonal fluctuations in groundwater levels are detrimental to the redevelopment of

Sphagnum, but this can be limited in stable soil moisture conditions (Meade 1992;

Gorham and Rochefort 2003). In a bog in Quebec, Poulin et al. (2005) reported that

Sphagnum was most commonly found in zones where the water table was less than 40cm

below the ground surface with greater than 50 % soil moisture. Some peatland ecologists

(Gorham and Rochefort 2003, Waddington et al. 2003b) suggest that the application of

mulch can stabilize soil moisture levels and improve micro-conditions for Sphagnum

growth.
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6.0 CONCLUSION

Peatlands are significant ecosystems that are an integral part of the global carbon

cycle because of their capacity to store carbon in the form of peat. This capacity is

controlled by a balance between vegetative production and decomposition rates. When

these ecosystems are disturbed by anthropogenic uses such as peat harvesting or

drainage, this balance is changed and the ecosystems are converted to sources of

atmospheric carbon. Peatland ecologists agree that the first step in restoring peatlands to

a carbon-accumulating ecosystem is rewetting (Farrell and Doyle 2003; Gorham and

Rochefort 2003). However, there have been very few studies measuring the

decomposition process in rewetted conditions. My study has attempted to examine this

area ofpeatland ecology.

My research had four objectives: (1) to test the hypothesis that increasing soil

moisture levels in a disturbed peatland would significantly decrease decomposition rates

of natural and artificial substrates; (2) to test the hypothesis that increasing soil moisture

levels in a disturbed peatland would reduce the number of soil macroinvertebrate

decomposers such as CoUembola; (3) to test the hypothesis that increased lengths of time

of soil regeneration in a disturbed peatland would reduce the rates of decay of artificial

substrates and reduce numbers of CoUembola; and (4) to assess the damage that peat

harvesting activities have had on the soil ecology of the Wainfleet Bog.

The results ofmy research support the hypothesis that increasing soil moisture to

saturated levels in a disturbed peatland would significantly decrease decomposition rates

of natural and artificial substrates found within the soil. This was demonstrated by a

significant reduction in decomposition of natural and artificial litter over a one year time
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period when soil moisture levels were rewetted to levels similar to undisturbed

conditions.

The results of this research do not fully support the hypothesis that increasing soil

moisture levels in a disturbed peatland will result in a reduction in the abundance ofthe

CoUembola macroinvertebrate decomposers. The temporarily inundated soil moisture

levels were found to reduce the number ofCoUembola significantly in the first field

season when compared to the control conditions. However, this same pattern could not

be replicated in the 2003-2004 field season, which also included wetter moisture variants.

The relationship between CoUembola abimdance and moisture was not clear and it is

likely that other variables need to be considered or new methods ofmeasurement are

needed before this relationship can be fully vmderstood.

The results ofmy research support the hypothesis that increased lengths of time

for ecological regeneration in a disturbed peatland reduce the rates of decay of artificial

substrates and reduce the fi^equency of CoUembola. However, these data do not provide

an exact time value or a level of peatland regeneration with suitable flora characteristics

that must be reached before a significant reduction of decay can be detected. In the case

of this study, the length of regeneration of40 years is adequate to produce a significant

measurable decrease in decomposition.

Finally, the results of this study found that peat harvesting activities have

significantly damaged the soil ecology of the Wainfleet Bog. The harvested zones of the

Wainfleet Bog are highly disturbed, with an active network of drainage ditches, dry soil

conditions, limited Sphagnum cover, and extensive colonization by invasive species

(Diamond et al. 2003). The mass loss of cellulose reported in this study is greater than
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Other published values (Berg et al. 1975; Tuominen 1981; Farrish and Grigal 1988;

Lieffers 1988; Tolonen et al. 1988; Santelmann 1992) demonstrating that the Wainfleet

Bog is a highly disturbed ecosystem.

6.1 Recommendations

Based on the findings of this study, it is recommended that the restoration efforts

in highly disturbed peatlands such as the Wainfleet Bog should be directed foremost to

restoring soil moisture levels. To restore degraded peatlands such as the Wainfleet Bog,

rewetting techniques such as the blocking of drainage ditches and the creation of divots

can be used to retain moisture in order to improve soil conditions. Various researchers

(Farrell and Doyle 2003; Gorham and Rochefort 2003) have described these rewetting

techniques. It is also recommended that soil moisture levels be brought close to those of

undisturbed conditions in order to obtain a significant decrease in decomposition.

Temporary inundation was not found to be sufficient to retard decomposition beyond

existing conditions, especially in the bare peat areas of the Wainfleet Bog.

If soil moisture levels are adequately improved then it may be possible to

reestablish a healthy Sphagnum moss community. These mosses play a major role in

regulating the fi-agile mechanisms of accumulation and decomposition within the

peatland ecosystem. Without a healthy Sphagnum moss layer there will be very little

chance of a peatland returning to a peat-accumulating ecosystem. However, in order to

reestablish a Sphagnum moss layer, rewetting is required as the first step in order to raise

and stabilize the water table level of peatlands wdth severe hydrological impacts (Gorham

and Rochefort 2003).
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This study found that decomposition could be reduced if soil moisture levels were

increased to levels near those of undisturbed conditions which would then provide the

first step to restoring a peatland to a carbon-accumulating ecosystem.
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