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Abstract

A peatland near Lake Charlotte, Nova Scotia that had been damageetdyyaall
vehicles (ATVs) was identified as a compensatory mitigation site. Restoration practices
commonly used for harvested peatlands were applied to small sections ofafiageld
peatland.

In the test plots, treatments of moss and shrub transplantation, fertilizer application,
and straw mulch addition were applied in various combinations to determine the optimum
restoration approach for specific areas within the Lake Chapeatatland complexThe
overall objective of this research was to recommend a procedure for the complete
restoration of the damaged portions of the peatland. A number of different hydrological,
physiochemical and biological parameters were monitoreouihout the 2009 growing
season to evaluate the effectiveness of the different treatments.

In conclusion, this study demonstrated that techniques developed to restore peatlands
degraded by peat extraction activities are also effective for restoringusimpacted
by ATV use.
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Chapter 1: Introduction

Peatlands are unique, dynamic ecosystems that cover a significant part of Canada. Until
recently, wetlands, and specifically peatlands, were thought of as wasteland and were
often filled, cut over or converted to agriculturalforestry lands. It takes millions of
years to accumulate several meters of peat. Disturbances to peatlands can have
significant impacts, and reduce the peat accumulating capability of the system. Where
large disturbances have occurred in peatlands) s peat mining activities, the once
selfsustaining diverse ecosystems are essentially bare wastelands for decades after
mining has ceased (Quinty and Rochefort, 2003). It is now recognized that peatlands
have significant ecological, economic and statiebenefits. This has led to the

implementation of policies to preserve peatland ecosystems.

6No net |l ossb6 of wetl and policies aim to
functioning, of wetlands at current levels. These policies typically prescmhi@gation

sequence to accomplish this goal. The first step in this sequence is to avoid wetland
disturbance altogether. When avoidance is not possible, emphasis is placed on
minimizing effects, and another wetland is often created or restored t@eaejla

impacted wetland. The implication of these kinds of wetland policies is that there have

been more opportunities to restore disturbed peatlands in recent years. Considerable
research has been conducted to identify the most effective way to nesétiends that

have been mined for peat (Farrick and Price, 2009; Quinty and Rochefort, 2003;



2
Campbell et al., 2002; Bugnon et al., 1997; Ferland and Rochefort, 1997), but very little
work has been conducted to determine the best approaches for reseailaggs that

have been subjected to other types of disturbance.

In this research, a peatland near Lake Charlotte, Nova Scotia, that had been damaged by
all-terrain vehicles (ATVs), was identified as a compensatory mitigation site. The Nova
Scotia Deprtment of Environment permitted a wetland alteration with the condition that
the damaged peatland area be restored. Currently, there are no published methods for
restoring smaikcale disturbances to peatlands. In this study, restoration practices
commorty used for harvested peatlands were applied to small sections of the ATV
damaged areas of the Lake Charlotte peatland complex. A series of test plots were
established in three different ecosites (identified as strata) within the peatland complex.
Severaldifferent combinations of restoration treatments were evaluated, in order to
identify an optimum restoration sequence for the area. It was intended that this research
would also provide guidance for restoration of other peatlands with similar disturbances

and help prevent their net loss.



Chapter 2: Literature Review

2.1 PEATLAND EcoLoOGY

A peatland is a wetland that is typically flooded for all or part of the growing season, and
accumulates and stores peat. Peat forms as a result of plant growth rates exceeding
deconposition rates (Crum, 1992). While herbaceous, woody, and grassy plants can all
contribute to peat formation, moss is the major constituent of peat, partiGdadgnum
(Charman, 2002; Halsey et al., 2000). The unique biotic and hydrological chatesteri

of peatlands allow them to provide a variety of ecosystem services. Traditionally, these
ecosystem services were not appreciated, and many peatlands were drained or excavated
for fuel, horticulture, or agricultural uses. It has recently been fobhatdpeatlands can
sequester large amounts of £Quittila et al., 1999), provide for groundwater recharge

and storm water retention, and provide valuable habitat for a wide range of organisms

specifically adapted to peatland environments (Mitsch and Gadss2007).

2.1.1Effects of landscape processes

Landscape processes generally refer to how datgie environmental features, such as
watersheds, impact the way environmental components (water, sediment, nutrients,
organisms etc.) interact (Granger et @2005). Peatlands form in response to these
landscape processes, and can also influence adjacent landscapes as they develop (Quinty

and Rochefort, 2003).



Topography and hydrology strongly influence the locations of-feeating systems.
Usually, peat bgins to accumulate in poorly drained, {yng areas (Evans and
Warburton, 2008). In very humid areas such as Atlantic Canada, peat can form on slopes
of up to 26, but in drier climates peatlands usually only form in basins or valleys
(Clymo, 1980). @aniero and Price (1999) determined that-sutface topography is

also an important factor in explaining peatland distribution patterns. The amount and rate
of runoff, relative to infiltration, are directly dependent on underlying geology, which can
influence the presence of wetlands (Winter, 2000). Another naturaigpeang process

occurs around bogs, where overtime the landscape becomes overgrown with a sphagnum
based vegetation mat that begins to accumulate. Peat can also develop in areas that are

saturated by glacial melt and retreat, or in river deltas (Crum, 1992).

There are two main types of peatlands; these are fens and bogs. Fens receive water from
both precipitation and runoff. The latter water source contains minerals that have been
absaobed through surface runoff, and as such, fens are also called minerotrophic
peatlands (Quinty and Rochefort, 2003). As fens accumulate peat, they can evolve into a
bog, which is raised above the surface or groundwater level, and thus only receive water
through precipitation. In bog environments, conditions become acidicSphdgnum

moss communities replace the sedge vegetation found in fens (Quinty and Rochefort,

2003).



Peatlands are found on almost every continent, with Canada and Russia possessing ab
a third of t heFigwe2nl) (Red etale 2006). aBordasand s@ldic
regions of North America are almost entirely covered by peatlands (Crum, 1992). Quinty
and Rochefort (2003) reportedat 11% of Canada is covered by peatland, comprising

about 127 million hectares (Natural Resources Canada, 2009) as sHegure?.12.

Figure2.11 Peatland gea per country (Rydin et al., 2006).
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Figure2.12 Map showing total hectares of peatland in each Canadian Province (Poulin et

al., 2004)

2.1.2Hydrology

Hydrology is the main factor that regulates peat accuiula Peat accumulates due to
saturated conditions at or near the ground surface, resulting in greater rates of growth
than decomposition (Lapen et al., 2000). Groundwater hydrology has a large impact on
the potential for neasurface saturation, as welé soil redox conditions, biogeochemical

processes and vegetation patterns (Price et al., 2005; Lapen et al., 2000). In low
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topography boreal peatlands, as found on the eastern edge of North America,
groundwater flow is localized, resulting in predicalvigeractions between wetlands and
groundwater (Price et al., 2005). In these peatlands, internal water flow, both lateral and
vertical, plays a large role in sustaining soil moisture, which is vitdpteagnunfQuinty

and Rochefort, 2003; Hemond, 1980).

WATER TABLE FLUX

The location of the water table is responsible for the creation of two distinct soil layers
within peatlands; the catotelm and the acrotelfigyre 2.1.3). The catotelm is the
bottom layer of peathat is permanently below the water table (Quinty and Rochefort,
2003). Anaerobic activity creates the fully decomposed, hummified, and compacted
catotelm material, and water movement is very slow in this layer. The top layer, called
the acrotelm, is@mposed of living mosses and partially decomposed plant material. In
this layer levels of saturation fluctuate, creating both anaerobic and aerobic
environments. Due to the structure of the moss in the acrotelm, a large amount of water
can be stored anwove laterally in the top layer of peat (Baird et al., 2004). Rydin and
McDonald (1985) found th&phagnuntarpets are able to retain large amounts of water
well above the actual water table. In peatlands Sgpleagnuncover is the main factor
controlling physical conditions, especially the water table level in the ecosystem.
Sphagnundecomposition produces peat, which in turn alters the chemistry and pathways

of water flow in the system (Crum, 1992).
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Figure 2.1.3 Layers of peat consisting of acrotelm (partially decomposed and living
matter) and the catotelm (fully decomposed, hummified organic matter)
(Quinty and Rochefort, 2003).



2.1.3Soil conditions and chemistry

The chemistry of peatland soil is largelgtermined by hydrologic conditions, the plant
material present, plant growth, animal communities and available inorganic solutes
(Clymo, 1980). The hydrologic conditions create anaerobic and aerobic conditions. As
the peatland develops, nutrients are leggl and the acidic flooded soils are only
inhabitable by species adapted to the conditions. Therefore, peatlands are often
dominated bySphagnumas well as low shrubs that are able to maintain leaves and roots

above saturated soils (Crum, 1992).

Soil conditions can be used to help distinguish between peatland types, as vegetation
patterns are typically related to soil chemistry. For example, a rich fen (pH ranges
between 4 and 7.5) is present if the solil is rich in minerals and is vegetated by grassy
plants (Crum, 1992). The soil in bogs are usually depleted of minerals and is acidic (pH
ranging between 3.4 and 5.0), favouriBghagnumcarpets which are adapted to the
nutrient poor conditions and have the ability to thrive in acidic environments (Bgdin
Jeglum, 2006).Sphagnunmosses also contribute to soil acidity, due to their high cation
exchange capacitySphagnunis very efficient at taking up nutrients such as calcium and
magnesium, releasing hydrogen ions in the process (Clymo, 1983).ioAdtt, acidic
conditions are created as the moss decays and releases organic acids (Hemond, 1980).
The decomposition of peat has other effects on soil properties. Wider (1985) noted that

as peat decomposes, bulk density and organic matter contentsldmodase. Wind
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Mulder et al. (1996) suggest that changes in ion concentration due to peat decomposition
may be the reason that magnesium (Mg) and calcium (Ca) decrease at lower depths
within peat deposits. This effect may also be due to the treateddr@aaafter reduction
due to no oxygendy). Thebiological activity carried out bgphagnunon the surface of
peat also results in greater concentrations of potassium (K) and phosphorus (P) in the

surface layer, which decreases with depth (Wider, 1985).

While Sphagnunis responsible for many of the physical and chemical properties of peat,
peat characteristics can also change over time due to human disturbances. Electrical
conductivity and pH are usually higher in areas where peat has been harvestedheu

fact that both electrical conductivity and pH increase as depth increasesNWvider et

al., 1996). WineMulder et al. (1996) also suggests leaching of reduced Ca and Mg from
upper to lower layers. Peatlands are also efficient in helping t®rat anthropogenic
pollution such as acid rain and excess nutrients. One study that examined the effects of
acid rain on peatlands noted the ability of a North Eastern bog to counteract the effects of
acid precipitation through sulfate reduction andaté uptake (Hermend, 1980). Other
researchers have found th@&phagnumcan retain excess nutrients, burying them in
decomposed matter, thus controlling nutrient pathways (Li and Vitt, 1997). While
peatlands are known for their unique ecological funstidhey are also susceptible to

change due to natural and anthropogenic factors.
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2.1.4Ecohydrology and Adaptations: Vegetation

Sphagnunmosses are bryophytes that are in a genus of their own and are well adapted to
the harsh conditions often found in peatlandBhere are many species $phagnum

which are adapted to different physicélemical conditions (Clymo, 1970; Hayward and
Clymo, 1982). The structure of these plants, as showfigare 2.14, helps them to
survive within semiaquatic conditions that are prone to dessication. The growth of
Sphagnunoccurs at the apical bud in the capitulum head (Figure 2.1.4). The branches
that hang off of the stem create a capillary action drawing moisture up to the capitulum
(Hayward and Clsno, 1982). ASphagnuntarpet forms hummocks and hollowareas

of higher and lower microtopography. Hummocks and hollow environments provide for
a cycle of regeneration within peatlands. Hollows are wetter and exhibit a faster rate of
growth, and evenally evolve into hummocks. Hummocks eventually turn into hollows
due to increased degradation of water stresjgisagnum(Crum, 1988). Sphagnum
carpets are very effective at storing water above the actual water table level, as the
numerous branches allofer lateral flow of water (Clymo and Hayward, 1982). Even
though hummocks may form well above the water tableSpgteagnuniorm such a tight

and dense cover that the area exposed for evaporation is minimized (Rydin et al., 2006).
Additionally, the cagplarity, or flow of water, in hummocks is increased (Crum, 1988)

providing water circulation throughout the hummock.
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Capitulum

Group of

branches

Stem

Figure2.14 Sketch ofSphagnunfQuinty and Rochefort, 2003)

2.1.5Peat accumulation

Peat conists primarily of partially hummifiedphagnumwhich is composed of almost

99% organic matter (Clymo, 1980). Whigphagnummosses can grow up to two
centimeters a year, peat accumulation rates are only about 0.5 to 1 mm per year, due to
slow rates of deomposition and compaction (Quinty and Rochefort, 2003). The top
acrotelm layer is usually 30 to 50 cm deep while the catotelm can be up to 15 m deep, as
a result of thousands of years of accumulation. For peat to accumulate, a series of
decomposition &ps must occur. First, the plant matter (usu8lphagnum begins to
breakdown. Leaching and microbial decomposition are the main contributing factors to
this initial phase of decomposition. Next, the physical structure begins to deteriorate,

which is tren followed by a change in chemical state (Clymo, 1980).
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2.2 PEATLAND VALUES

Peatlands provide myriad functions that are important to humans. Detailed accounts of
functions and values provided by wetlands have been described by Mitsch and Gosselink

(2007),however a brief overview specific to peatlands is provided below.

2.2.1Biological and biochemical functions

Worldwide, peatlands are relatively rare, and many of the functions they provide are
unique. Charman (2002) noted that the pristine state of manppeatosystems, and

their sensitivity to disturbances, contributes to their biological significance. While even
large peatlands are not highly diverse because of their unique habitat, many organisms
have specifically evolved to live in these habitats. ulnber of plant species are only
found in peatlands, or are largely dependent upon other organisms found in peatlands.
These include mangphagnunspecies, as well as some of the carnivorous plants such as

Droserarotundifolia andSaracenigpurpurea (Charnmm 2002).

In addition to being the primary source of peat product®phagnumalso provides
approximately half of the carbon accumulation in peatlands (Rydin and Jeglum, 2006).
Peatlands act as carbon sinks by accumulating carbon in plant debris hahveyelso

emit greenhouse gases, mostly in the form of &kl CQ. The balance between carbon
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accumulation and release is strongly influenced by human disturbance. An undisturbed
fen in Finland had a net C accumulation rate of 684yrih(Rydin andJeglum, 2006).

When peatlands are drained or harvested, there is typically a net releasg (GFuUB®y

and Rochefort, 2003). However, the effects of peatland drainage on net greenhouse gas
emissions is quite complex. Rydin and Jeglum (2006) noted tiet water levels drop

within a peatland, C®emissions increase, but ¢ldmissions decrease. This is due to

the fact that in areas where there is more aeration, increased aerobic respiration leads to

increased oxidation of CHo CQO..

2.2.2Economic functios

The monetary value of losing one hectare of wetland in 1998 was estimated to be USD
$3,650 (Wilson et al., 2001). This number is based on the average annual value of
wetland services such as flood and stormwater control, water filtration, shoreline
protection, and groundwater recharge. In Nova Scotia, the loss of wetlands has been
estimated to cost 2.3 billion dollars a year, due to a loss of ecosystem services (Wilson,
2000). While peatlands provide a variety of ecosystem services, the most obvious
ecanomic value of peatlands is the peat itself, which can be mined for fuel, horticulture,
or for the treatment of industrial and municipal wastewaters (Charman, 2002; Rock et al.,
1984). In 1999, 10 million cubic metres of peat were harvested in Canaded \l
approximately $170 million dollars. This activity also provided thousands of jobs (Daigle

and GautreadDaigle, 2001). The harvesting of peatlands has continued to increase
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(Statistics Canada, 2008). Many peatlands are still being converted doltagal land,

or commercial forest by planting norative trees.

2.2.3Physical and hydrological functions

Peatlands retain a vast quantity of water. This storage mechanism helps to attenuate
stormwater runoff in watersheds where peatlands are importantcégpeddeatures.
Peatlands also modify and improve water quality. The disturbance or removal of

peatland environments can alter these important functions (Charman, 2002).

2.2.4Societal functions

Charman (2002) highlighted the increasing importance of peattssietal functions in

areas where peatlands are under threat due to population growth. Peatlands offer areas
for recreational activities such as berry picking, bird watching, and hunting, and can
provide educational and research opportunities. Peatlandsalsa serve as paleo
archives, preserving seeds and microorganisms that can be used to identify past climate

and environmental conditions (Quinty and Rochefort, 2003).

2.3HUMAN IMPACTS AND EFFECTS

Most peatlands are part of the boreal forest biome, aadirdiluenced by natural

disturbances such as forest fires and floods. Many peatlands are also now facing various
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levels of anthropogenic disturbance. Turetsky and St. Louis (2006) outline five main
human disturbances impacting plant structure, hydrolagg,biogeochemical cycling in
boreal peatlands. These are grazing, biomass burning, flooding, draining for peat mining

or agricultural use, and pollution.

Wildlife grazing usually has little impact on the functioning of boreal peatlands, however,
recern overuse of peatlands for domestic animal grazing has caused erosion and
ecological damage (Evans, 1997). Some land managers have found that occasional
burning of peatlands improves biodiversity and increases grazing value, but this is
typically a shorterm effect (Hobs, 1984) and not necessarily beneficial for bogs which
are characterized as having low diversity with healthy. Burning can also have a negative
effect on carbon storage. Many peatlands have been flooded to create reservoirs and
hydroelectic dams. Poulin et al. (2004) report that an estimated 900,000 ha of peatlands
have been lost due to flooding for hydroelectric dams, mostly in Quebec, Manitoba and
Alberta. Peatland flooding can cause immense greenhouse gas emissions due to
decompositia of organic matter stored in peat, and removal of plants which serve as

possible carbon sinks (Kelly et al., 1997).

The drainage of peatlands is probably the most significant anthropogenic impact. A
drained peatland is often used for agriculturalaves$try purposes, or the peat material is

extracted and used for fuel or horticulture. Draining a peatland results in accelerated
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decomposition, increased @ d NO emissions, and loss of biodiversity. As peat is
extracted, the ecosystem changes everemosing its ability to retain water and thereby
greatly reducing the chances of natural vegetation reestablishment (Rochefort et al.,
2003; Johnson et al., 2000). Additionally, climate change has a huge anthropogenic
impact on peatlands, especially tile north where increased temperatures are causing
loss of permafrost and releasing huge amounts of methang. (@Hpositive feedback

loop is created thereby increasing greenhouse effect even more.

In Atlantic Canada, peatlands are most often minegpéat. Peat extraction primarily
impacts the vegetation and hydrology of the wetland ecosystem. Recolonization of
harvested peatlands is generally limited because seed sources are usually too far away,
and the mined peat fields are not conducive to geechination (Quinty and Rochefort,
2003). Other barriers to vegetationagtablishment are: (i) greater variability in water
levels, (ii) alteration of peat physical properties due to compaction, and (iii) alteration of

water storage characteristics (@yiand Rochefort, 2003).

2.4 CONSERVATIONMANAGEMENT AND RESTORATION

In 1987, the Federd&trovincial Committee on Land Use identified wetland management
as a significant issue in terms of land management policy (Government of Canada,

1991). However, wetlarsdcontinue to be lost and degraded through human activities in
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spite of the adoption of fAno net | o0osso pol
(Granger et al., 2005). Wetland losses are often the result of a combination of
anthropogenic impas, occurring both within, as direct effect, and outside, indirect
effects on the hydrology, of individual wetlands (Sheldon et al. 2005). It is also

important to realize that the cumulative loss of wetlands over time can have impacts at a

landscape scale

2.4.1North American Protection

Canada was the first country to develop a wetland conservation policy (Poulin et al.,
2004). However, within both Canada and the United States, state or provincial
governments actually establish and enforce laws that peadawetland management
(Poulin et al., 2004). The Canadian Government is only responsible for wetlands
occurring on federal lands (Table 1), which accounts for only 29% of all wetlands in
Canada (Rubec and Hanson, 2009). Many states have produced peliaied to
wetland conservation, and several Canadian provinces (e.g. New Brunswick, PEI,
Saskatchewahhave wetland policies or are in the process of developing them (e.g. Nova

Scotia, Alberta, British Columbia).

2.4.2Government of Canada

The Federal Policon Wetland Conservation, established in 1991, aims to effectively

conserve wetlands in Canada in order to sustain both their ecological aneésmuionic
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functions (Government of Canada, 1991). There are seven main strategies to help
achi eve tt hleosiisnoo gnoeal s outlined in the Fede
which are outlined in thémplementation Guide for Federal land Managérsibec and
Hanson, 2009) These strategies include supporting decisions with scientific research,
making managesnt on federal lands exemplary, rehabilitating wetlands, and working
with local governments and community groups to promote wetland conservation. Above
al |, the main goal in the Canadian policy
Corps of Enginecerand t he USEPA endorsed the Ano ne
19906s and it s at this time that the t

minimization, and compensation was developed (Bendor, 2009).

2.4.3Nova Scotia

Wetlands in Nova Scotia are mandd®y the provincial Department of Environment. In

2004, the Department of Natural Resources conducted a detailed inventory of Nova
Scotiabds wetl ands. They documented 360, 4
6.6% of the total land area in Nova Scotiape quarters of these wetlands are considered
peatlands (NSE, 2009). Currently, tBperational Bulletin Respecting Alteration of
Wetlandss the primary document used to guide the wetland alteration approval process.
However, a new policyNova Scaa Wetland Conservation Poligyand implementation

gude@ Proponentdés Guide to Nova a®lkelfto a Wet |



Table 1 Examples of some wetland conservation policies and driving legislation in
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Canada and thU.S. fAdapted from Rubec and Hanson, 2009 %#@lA, 2010)

Jurisdiction | Primary wetland | Policy objective Responsible | Application
conservation authority
policies
Government | (1) Environment | (1) Sustairwetland | (1) All (1) Federal:
of Canadd | Act-Federal Policy| functions in Departments, | lands,
on Wetland delivery of Environment | decisions,
Conservation government Canada has | funding
programs oversight role
(2) Fisheries Act | (2) Protection of | (2) Department (2) All
and the Policy for | habitats directlyr | of Fisheries waters
Management of | indirectly and Oceans
Fish Habitat supporting existing
or potential
fisheries
Nova Scotid | Environment Act | To prohibit Nova Scotia | All
and Regulations | alteration of Environment | freshwater
wetlands, except b] and Labour wetlands
permit and salt
marshes
(except
federal)
USA® Clean Water Act | To regulate the Army Corps | All
(section 404) discharge of and navigable
dredged or fill Environmental | waters
material into U.S. | Protection (including
waters Agency wetlands)
be approvd during summer, 2010 and wil/l serve

preventing the net loss of wetlands (NSE b, 2009). Under the new approach, NSE
approval must be obtained for any wetland alteration that cannot be avoided, unless it

gualifies under oneof the exceptions (e.g., federal lands, wetlands that develop in
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transportation ditches, wetlands < 108).mif the alteration area is less than 2 hectares
then an alteration approval under the Activities Designation Regulations is required. If
the alteation will disrupt an area greater than 2 hectares, either directly or indirectly, then
an environmental assessment must take place, as required under the Environmental

Assessment Regulations (NSE b, 2009).

2.4.4Mitigative sequence

AVOIDANCE

The most effectig way to prevent the loss of valuable wetland habitat is to avoid any
activity that may impact a wetland. While avoidance is not a feasible option for every
development, some planned alterations can be changed to effectively avoid impacting
wetland ecosyems. Apart from the ecological benefits for conserving wetland, in many
cases, it may be more economically beneficial to keep the functioning wetland in place.
For example, wetlands provide important areas for groundwater recharge and water
retention dung storms. When these wetlands are destroyed new structures may be
required to manage stormwater. Additionally, land, homes, and businesses near natural

resources are usually worth more.

MINIMIZATION

As explained in théroponents Guide to the Novadiia Wetland Compensation Policy

(NSE b, 2009), minimization of unavoidable impacts occurs at all stages of the project,
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from planning to project completion. Some acceptable practices for minimizing effects
on wetlands include the use of buffers and ierogences, as well as prohibiting the use

of certain chemicals or vehicles near the wetland.

COMPENSATION

Compensatory mitigation can be a useful tool in helping governments achieve their goals
of Ano net l osso (EPA, 2 § CoBs)dered aftercalvathere r
measures have been taken to avoid and minimize negative effects to wetlands and other
aguatic ecosystems (EPA, 2008). Compensation can be a deterrent to activities that would
impact wetlands, and helps ensure that avoidancemaninization steps are actually

taken (Ruben and Hanson, 2009). Compensation is used to offset losses of wetlands, and
as outlined by the EPA (2008), there are three ways to provide compensatory mitigation:
(i) permitteeresponsible compensatory mitigati (i) mitigation banks, and (iii) Hieu

fee mitigation. While only the permittgesponsible form is currently used in Nova

Scotia, the other forms of mitigation will be included in the new Nova Scotia policy.

Mitigation that is permittegesponsib# is the most traditional, and represents the most
compensatory area each year in the United States (EPA, 2008). In this case, the permittee
takes on sole responsibility of compensation projects, which can occur eitbite,cor

in another location with the same watershed. In the U.S., this type of mitigation usually

occurs simultaneously with the disturbance (Bendor, 2009). The other two forms of

t
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compensation are usually conductedfé by a third party, where activities can include
restorationenhancement, establishment, and preservation (EPA, 2008). With mitigation
banking, the compensation project is completed and then a third party can sell the credits
to parties who need to meet mitigation requirementslieinfee programs allow for the
developing party to pay money to a public agency or nonprofit organization in order to
satisfy their compensation requirement. Most often, payments are collected from several
parties before the organization responsible for the mitigation has enough rodresgyrt

the project (Bendor, 2009).

Theoretically, compensatory mitigation should occur before, or at the same time as, the
wetland impact. This does not always happen and temporary wetland losses can turn into
net loss of area and function (Bendor, 200Bendor (2009) also argues that commonly
applied area compensation ratios are too small and may not effectively compensate for
loss of ecosystem services. Additionally, the slow rates of ecosystestatldishment

can result in temporary or permanemt nvetland losses and associated economic and

ecological functions (Bender, 2009).

MONITORING

Monitoring is an integral part of a wetland protection and management strategy.
Governing agencies may require that monitoring take place at three geogcadsc )

contributing landscape or regional level, (i) management area or local level, and (iii) the
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site or exact location (Armstrong, 2007; Granger et al., 2005). NSE (2009) requires that
a monitoring plan be provided for all alterations. In additio baseline monitoring,
followup monitoring to assess wetland function is typically required for 3 to 5 or more

years.

Baseline monitoring provides an assessment of the existing condition or function of a
wetland. Some aspects that are often consitl@r baseline monitoring are landscape

variability, vegetation changes due to seasonal variation or succession, hydrology, and
soil qualities. Hydrology and seasonality can affect changes in vegetation patterns, which

can be assessed with baseline mamtp(Swiatek and Kubrak, 2007).

It is also important to consider the scale of the area with respect to the type of monitoring
used. For example Navratil and Navratilova (2007) used both vegetation maps, which
are based on field sampling of vegetaticattgrns, as well as GIS mapping where
vegetation is mapped using remote sensing, to study vegetation changes in a wetland.
The authors concluded that while both results captured the successional change towards
denser vegetation types, a @8sed approacivas the most useful because it cost less
and gave an easier way to identify trends. Monitoring can also be used to compare
restored or created wetlands to natural ones, in order to determine if the planned
functionality has been restored. Gutrich e{(2009) monitored two created wetlands for

a period of 10 and 20 years. The reported that floristic indicators, such as species
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diversity, percent cover, and native species, at created and natural sites, were similar in
the short term (< 5 years), but tabundance of native species and percent cover were
lower in the longterm at the created site. By monitoring over a long period, they were
also able to determine how initial restoration efforts impacted restoration success, which
helped to predict wherites would reach floristic equivalency to natural wetlands of the
same type. Wetlands that were restored were characterized by significantly greater
species of native plants and took only 14 years to reach a natural state, while wetlands
that were createdhere none previously occurred took 24 years to resemble a normal

functioning wetland (Gutrich et al., 2009).

2.5 RESTORATION

Restoration techniques for peatlands have only recently been developed. Peatland
restoration began in Europe, mainly in Germany toed Netherlands, where extensive
peatland mining degraded natural peatlands (Money and Wheeler, 1999). In North
America, peatland restoration techniques have built upon European methods. The
European methods focused almost entirely on hydrological ra¢isio. The North
American approaches have different goals for restoration, which include hydrological
restoration, and active peat restoration (Rochefort et al., 2003). In North America,
primary restoration approaches are aimed at establishiyghagnuncarpet, with the
ultimate goal of restoring a natural peat accumulating system (Rochefort et al., 2003).

Derochers et al. (1998) observed that peatlands mined using vacuum extraction
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technology did not revert to functional peatlands without active eggiarefforts, even
after more than 20 years. Numerous studies have revealed the importance of active
management in restoring biodiversity and peat accumulation capacity in harvested
systems (Quinty and Rochefort, 2003; Rochefort et al., 2003; Derod®8&). Quinty
and Rochefort (2003) developed tReatland Restoration Guidbased on many years of
experimental restoration studies on harvested peatlands in Quebec. The restoration
principals they developed are the most widely accepted for North Aanepieatlands,
and especially for those in Atlantic Canada. The following points outline the techniques

described in the manual, with supporting evidence from other studies.

2.5.1Site preparation

The major goal of site preparation is to restore hydrologicitond so that diaspores

and plant fragments can survive. Peat extraction causes a lower and more variable water
table, and the remaining peat is compressed and contains no viable seed sources for
regeneration. Site preparation involves rewetting ofsiiméace by blocking drainage
ditches, and if necessary, creating berms to maintain proper wetness and raise the water
table. Another aspect of site preparation involves creating a level surface, since water
distribution is greatly influenced by topographyeveling the soil in the site helps to
restore infiltration abilities, and the flow of water laterally through the soil. Leveling also
eliminates microtopography, or small variations in soil surface caused by tire tracks or

surface flow erosion. Suessful Sphagnumregeneration and restoration is directly
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related to water table level (Bugnon et al., 1997) and it appears that the best time for

restoration is in the spring or summer (Ferland and Rochefort, 1997).

2.5.2Moss collection and transplantation

As the most important objective in peatland restoration is the establishmephagnum
species, plant collection and transplantation must be focused on these species. A
collection site must be identified which has the desirable species. Certain types of
Shagnumare better suited to transplantation, such as hummock formifug&imand
S.rubellumas they are suited for microhabitats present in any small depressions or ridges
(Ferland and Rochefort, 1997)Sphagnumare collected from within 10 cm of the
surface, as this typically results in the best regeneration (Rochefort et al., 2003). Quinty
and Rochefort (2003) found that collecting plant fragments with a ratio of area collected
to restored area of 1:10 was crucial. This helped to minimize distebtn the
collection site, thereby maintaining biodiversity and sustaining ecosystem function. In
largescale peatland restoration, both plant fragments (rhizomes, and roots) and
sphagnum are collected and spread simultaneously using a mulch spre&derst@lies

have separately transplanted ericaceous shrub species, and then applied layers of moss

(Ferland and Rochefort, 1997).
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2.5.3Ericaceous shrub selection and transplantation

Ferland and Rochefort (1997) introduced other native species to harvestiamgse for

two reasons. One was to provide protection to the moss. The other was to help restore
high coverage of regionally dominant species (Ferland and Rochefort, 1997). When
shrubs are transplanted separately from moss collection and spreadutg),apéhand
selected and planted into the ground (Ferland and Rochefort, 1997). While shrubs can
serve as companion or nurse plants for moss, a landscape dominated by these species
may out competé&Sphagnuntor resources, especially water. Farrick anccé§2009)
observed that a dense layer of shrubs had a significant impact on soil water fluxes, and

reducedSphagnumegeneration in a previously eaver bog.

2.5.4Phosphate rock fertilization

Lack of phosphorus, and other nutrients, can restrict plant gigity in ombrotophic

bogs (O6Toole and Synnott, 1971; Tamm, 195
of vegetation establishment, small amounts of phosphate rock fertilization have been
recommended for peatland restorations (Quinty and Rochefdd8 26d Silvia and
Pfadenhauer, 1999). Phosphate rock is an efficient fertilizer, particularly because of its
slow release (Quinty and Rochefort, 2003) and effectiveness in acidic conditions (Zapata

and Roy, 2004). Phosphorus has been shown to speed pptess of recolonization of

true mosses and vascular plants in ymdtacted peatlands (Sottocornola et al., 2007;
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Ferland and Rochefort, 1997). The accelerated growth and colonization of vegetation in
cutover peatlands is believed to play an impatrt@ale in minimizing the effects of wind
and frost heaving on bare peat, which is among the biggest obstacles to peatland
restoration (Campbell et al., 2002; Quinty and Rochefort, 2000). The accelerated
establishment of hagnumcompanion species, or raér plants, due to fertilization can
also help to provide ghagnumspecies with a more favorable microclimate (Ferland and
Rochefort, 1997). Ferland and Rochefort (1997) found a greater percent cover of moss in

the presence of companion species.

2.5.5Straw mich cover

Bare peat possesses higher temperatures, lower moisture contents and is more susceptible
to drying out as compared to undisturbed peatlands (Johnson et al., 2000). The effective
re-establishment oSphagnumand resulting peat accumulation, letmost important

factor for successful restoration (Lucchese et al., 2009). Numerous studies have shown
that a protective cover of straw mulch over moss fragments promotes vegetative growth
and survivability (Quinty and Rochefort, 2003; Johnson et @Q0p Straw is
recognized as the most effective mulch for peatland restoration, as it creates a layer of air
just above the surface of the peat that stays humid and fresh, contributing to moss
survivability (Quinty and Rochefort, 2003). Straw is alsoydasacquire and spread on

fields. A minimum application rate of 3000 kg/ha is recommended to provide an

insulating layer, while still allowing some light penetration. Straw is best applied over
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large areas with a straw spreader and over smaller ardasdy It is important to apply
the straw soon after the moss and transplants have been applied to the area, to minimize

drying.

2.5.6Monitoring

Monitoring is an important step in determining if restoration objectives are being met
(Quinty and Rochefort, 2003 Observation of vegetation patterns is most widely used in
monitoring of peatland restoration efforts (Crum, 1992). Monitoring of hydrologic
parameters within the peatland is also useful for interpreting vegetation monitoring

results (Quinty and Rochatt 2003).

Monitoring should be oriented toward assessing if restoration objectives are met. For
peatland restoration the typical objectives are the rapid establishment of vegetative cover
and complete moss coverage (Quinty and Rochefort, 2003). Oegeor the level of
restoration that is required major restoration efforts should not be monitored until after
the second growing season. However, less damaged areas may staiablishment
within the same growing season. Monitoring may be requiredifoto 30 years to
clearly establish if the new plant community is evolving towards a peat bog community

(Quinty and Rochefort, 2003).
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The Peatland Restoration Guidgves a detailed protocol for monitoring. In brief, it is
suggested that monitoring benttucted at three different levels (site level, permanent
plot level, and ground level) in order to properly assess vegetation across the entire site.
At the site level, a general description of the entire site is developed, including uniformity
of vegetabn cover, dominant vegetation, and presence ofpeatland species. Quinty
and Rochefort (2003) recommend setting up permanent plots that are monitored
throughout the entire study period. The permanent plots should be 5 m by 5 m and
established in areathat are representative of the entire site. When these plots are
monitored, specific observations are made on percent cover of all species, and peat water
content and pH at ground level. Monitoring forms recommendedhimm Peatland

Restoration Guidare provided in Appendix A.

2.6 RESEARCHGAPS AND NEEDS

Most peatland restoration research has been conducted on large areas of disturbed
peatland, such as sites that have been mined for peat. There are many other types of
disturbances to peatlands that oceaora much more frequent basis, such as damage due

to road construction or recreational activities. Linear disturbances contribute to peatland
fragmentation and can alter peatland hydrology (Turetsky and St. Louis, 2006). In the
past, many smaller scaliear disturbances have not been regulated. Public education
programs may help to reduce wetland disturbances, however, illegal ATV operation in

wetl ands wi ||l mo st |l i kely continue to per
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developed in many patof North America, including Nova Scotia, the mitigation
sequence of avoidance, minimization and compensation will be applied to all wetland
alteration decisions. It is therefore important to have a comprehensive understanding of
the impacts of small seaaland linear disturbances on peatlands, and to identify effective

methods of restoration.
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Chapter 3: Goals and Objectives
The overall goal of this research was to develop an approach for remediating peatlands
that had been damaged by ATV use. Specific objecinabsded:

i) Determine which restoration methods described in the Peatland Restoration
Guide are effective for restoring peatlands damaged by ATV use in Nova

Scotia.

i) Provide recommendations for an effective restoration approach for the Lake

Charlotte Peatland
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Chapter 4: Materials and Methods

4.1 SITE DESCRIPTION

4.1.1Location

The Lake Charlotte Boat Launch Committee required a compensation plan for wetlands
that would be altered by the construction of a proposed boat launch. The Boat Launch
Committee partnered with the LakCharlotte ATV Association, who had previously
identified over 4 hectares of wetland that had been disturbed by ATV usage. The
damaged areas of wetland are located in Lake Charlotte, Nova Scotia between Highway
No. 7 and AbFigure 41 sA sdriaskok ATY trails (1.7 linear km in
length) have disturbed fairly extensive areas of several wetlands in the area,

approximately 95% of which are peatlands.

The Boat Launch Committee and ATV Association hanappsed the creation of a new
ATV trail, appropriately situated on higher ground, and a complete restoration of the old
trail running through the peatland. The field experiments in this study focused on the
existing ATV trail. The study area contains bgttivate and crown lands which have
been damaged by ATV trails. In some places ATV activity has severely damaged the

vegetation and altered smaltale hydrologic flow processes.
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Lake Charlotte

Figure 4.11 Location Mapof Both Study Sites Adjacent to Alteration Site in Lake
Charlotte, Nova Scotia

4.1.2Site Description

Areas within the study site that are undisturbed are primarily boreal peatlands with an
average peat depth of approximately 1 m. Vegetation consists of eyvafi peat
mosses, predominantigphagnumput also club mossed ycopodacaeand Reindeer
Lichen Claudoniarangifering). In addition to peat moss, many ericaceous shrubs such
as leatherleafGhamaedaphne calyculgtaLabrador tealledum groenlandicujn bog

rosemary Andromeda glaucophylja and sheep laurelK@lmia angustifolial.) are
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present. Black spruc®iceamariana) and tamarackdrix laricina) trees are found in

drier parts of the fens and bogs.

Three different wetland types, in differentédions within the peatland complex, were

studied Figure4.12). Strata 1Figure4.13) has a total area of approximately 15,000 m

Sy

Strata 3:
Lowland
Fen

Figure4.12 Map of three study sites near Lake Charlotte, Nova Scotia. Strata 1 is an
open bog, Strata 2 is an upland fen and Strata 3 is a lowland fen. Seven
subplots were examined across all three strata in portions of peatland
damagedy ATVs.
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Figure 4.1.3 Picture of Strata 1 illustrating impacts to vegetation and overall condition
due to ATV activity.

and is a peat bog with low shrubs, and hummocks and hollows formed by moss species.
ATVs have severely damaged portions of this bog, leaving areas completely void of any

vegetation.

Strata 2 and Strata Bifure4.14) follow a stretch of a winter ATV trail approximately 3
km in length with anaverage width of 1.2 m. While some areas of the trail were

completely destroyed and void of vegetation, a large portion of the trail was only slightly
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Figure4.14 Damaged fen area in Strata 2 showingnpaction and stunted vegetation
due to ATV activity.

damaged compared to the impact at the bog site (Strata 1). In the tracks, the soil was
compacted and vegetation was largely absent. However, the middle of the trail was
relatively undisturbed. Strafis slightly elevated in topography and has a shallow peat

depth. Strata 3 is an area that is very wet and is composed primarily of sedge and peat.
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Due to the construction of a new trail in the summer of 2008, the use of the trail in Strata
2 and Strat8 has decreased. Only portions of the trail can be used year round, since

parts of the trail are only accessible by a frozen lake.

4.2 SITE CHARACTERIZATION

A survey of all sites was conducted in late Spring 2009 in order to identify the natural
and undistured conditions that a fully restored site should resemble. Soil and
vegetation sampling was conducted to characterize the site. At Strata 1, three
undisturbed and three disturbed locations were sampled and at Strata 2 and 3, three
undisturbed locationand one disturbed location were sampled because the disturbances
is these strata were similar.. In all three strata, a total of 9 undisturbed locations and 5
disturbed locations were sampled. The methodologies for sampling soil and vegetation at

each loation is described in the following sections.

4.2.1Soil profile

A 1.2 m long hand auger was used to determine the depth of acrotelm, total peat depth,
and the depth to the mineral layer. The distinction between the acrotelm and catotelm
was identified at th@oint where living and somewhat decomposed moss transitioned to
almost completely decomposed matter. When it was possible to identify specific

characteristics such as the level of decomposition, plant structure, and material extruded
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on passing betweennfjers, the acrotelm was measured onube Post humification
scale,which is based on the degree of decay from the top of the hummock downward

(Pollett, 1968).

4.2.2Vegetation survey

Within the same area studied for soil characteristics, a location was dhosegetation
sampling by randomly placing a 1 m quadrat constructed of 18 mm diameter PVC piping
on the ground surface. Within the 1 m quadrat, most species were measured on a percent
coverage basis, except for trees (black spruce and tamarack) emel pitants, which

were counted individually. The percentage of area covered in hummocks, and percentage
of bare spots, were also estimated using a visual approach described by Schoeeeberger

al. (2002).

4.2.3Ecosite and Significant Habitat Classification

The Nova Scotia Department of Natural Resources (DNR) provides information on
ecological land classification. This classification system identifies biological and
physical elements affectingecological structures and processes, as well as the
biodiversity of ecosystems (DNR, 2003). The ecosite mapping for the Lake Charlotte
wetland area is shown iRigure 4.21. The different colours identify the different

ecosites. The three strata being studied are iden&ifietSM, which is characterized as
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imperfectly drained, medium textured soil on smooth or flat terrain and IMHO, which is

characterized as imperfectly drained, medium textured soils on hummocky terrain (DNR,

2006).
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Figure4.21 Ecosite map showing different DNR classifications by colour. Strata 1 is
shown to be in IMSM which is characterized by imperfectly drained,
medium textured soils on smooth or flat terrain. Strata 2 and 3 are located
in the sectia IMHO which is characterized by imperfectly drained,
medium textured soils on hummocky terrain (DNR, 2006)

Based on the DNR ecosite classification, as well as the differences in soil and vegetation
at the three strata, there is evidence of fundamenffarehces in ecology among the
three strata. These differences are primarily a function of varying hydrology due to
location and peat accumulation. It was hypothesized that these differences would mean

that the three strata would require different treatsiéor restoration.
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4.3 EXPERIMENTAL DESIGN

Based on the three identified strata, replicate plots were constructed in each area. Two
replicate plots were placed in both Strata 2 and 3 and three replicate plots were
established in Strata 1, for a total oplots. Several possible treatments were identified
from the Peatland Restoration Guide, and an experimental design was established to
study the effect of individual, and combined, restoration treatments. The main treatment
variable was straw mulch covegnd subtreatments consisted of moss spreading,
ericaceous shrub transplanting, and phosphate rock fertilizer application (details included
in remainder od experimental design description). In each half of the plot the sub
treatments were applied randgmih all eight possible combinations of presence versus
absence of each treatment. There were two replicates per plot in termsrefasonents,
however, when the main treatment variable, straw mulch, was added each plot contained
16 unique treatmentsTwo other blocks within the treatments contained hydrological
(H20) stations (Figure 4.3.1). For each plot two control treatments (one undisturbed area

and one disturbed area that received no treatment) were placed close to the plot.
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8M,F, P,

2M,F, Py
1 M,F, P, M,= moss

™M F Py F,=No fertilizer
F,=Fertilizer

P,=No shrubs
P,=Transplanted Shrubs

M= No moss
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Figure 4.31 Plot layout and design showing randomly applied treatments of one main
variable (straw) and 3 sub variables (moss, fertilizer, and shrubs). The two
(positive and negative) controls for each plot are also shoWwmis is an
example of treatments for one plot however, a total of 7 plots were created.
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4.4 PLOT CONSTRUCTION

Plots were constructed between May 21, 2009 and June 9, 2009. Each plot took about 4
5 hours to complete with the help of 2 or 3 volunteersceQhe location of the plot was
selected the top layer of soil (approximately 10 to 15 cm) was leveled and decompacted
using garden rakes and hoes. Following these initial surface preparations? ar&sn

were partitioned for each treatmenthe geomiey of each treatment area was a function

of the type of damage. Strata 1 was severely damaged and so plots in Strata 1 had total
treatment areas with dimensions of 1.2 m by 1.2 m. Plots that only had damage in the
ATV tire tracks (Strata 2 and Stratat®d total treatment area dimensions of 0.6 m by

2.4 m which excluded the undamaged areas between the tracks (Figure 4.4.1). Wooden
stakes and construction twine were used to mark the boundaries of each plot. Plots
ranged from 20 m to 40 m in length bwich had a width of approximately 1.2 m (the
average width of ATV tracks) and had the same total treatment area of (%$.9Eanh
treatment was assigned a number, and using a random number table, the location of each

treatment within the plot was randgnassigned.
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Figure4.4.1 Diagram of treatment dimensions in Strata 2 and 3. Each treatment was
applied in both of the tire tracks.

4.4.1Determining Plot Location

The locations for the plots were chosen witkeach strata by choosing a representative
section of disturbed trail in each strata. Once an area was assigned, it was measured and
marked off. In Strata 1, three disturbed locations were randomly chosen and prepared. In
Strata 2 and 3 only two locatisrwere prepared. In addition to the treated plots, each

plot also had a corresponding disturbed control area (no surface prep or treatments
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applied), as well as an undisturbed control area that was marked by stakes and flagging

tape (no treatments appljedBoth control areas were 1.44.m

4.4.21eveling and Decompaction

The major preparation for the plots included leveling and decompacting the entire area.
A buffer zone was also created around the plots. This buffer zone was created to prevent
outside suice runoff from entering the plots. The buffer zone also provided an area to
step on while preparing and examining the plots. In areas that were severely compacted,
decompaction by loosening, and in some cases turning over soil, was also completed
prior to leveling. Areas that were not severely compacted were tilled and leveled. The
best tools for leveling and decompaction were a steel farm rake and a pointed garden hoe.
The plots in Strata 1 had little to no vegetation prior to surface preparaticefptieeany

stray roots or surviving shrubs were removed. The plots in Strata 2 and 3 were generally
vegetated on either side of the ATV tracks and had many roots running beneath the soil.
In these cases any vegetation that was present after decompacti@veling was left in

place. Some examples of leveling are showigure4.4.2.
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c

Figure4.4.2 Examples of leveling and decompaction. Garden rakdshoes were used
to manually create flatter and more even terrain prior to treatment
application. The top pictures show before (a) and after (b) pictures of the
same area as it is leveled and staked for treatment application.
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4.5 TREATMENT APPLICATION

Basedon the Peatland Restoration Guide (Quinty and Rochefort, 2003) as well as work
completed by Ferland and Rochfort (1997), moss application, shrub transplant, fertilizer
application, and straw mulch cover were chosen as treatments. These treatments have al
been carefully studied by the authors and recommended procedures and rates have been
published. It was hypothesized that a combination of all treatments would provide the
best restoration.  Specifically, the straw mulch and fertilizer treatments were

hypothesized to promote better and increased growth of moss and shrub transplants.

4.5.1Moss Application

For the moss treatments, hummock formBghagnunmoss, either brownSphagnum
fuscum) or red $phagnunrubellum), were chosen, making sure that they hadllsm
capitula heads and formed tight hummocks. By pressing down on a hummock with
fingertips, a hummock composed of moss that did not give way was an indication of the
desirable species. Approximately 24%actions of moss, that werel® cm deep, were
collected, taking care to distribute collection sites throughout the undisturbed areas and
maintain the 1:10 ratio of collection site to restoration area (Quinty and Rochefort, 2003;
Rochefort et al., 2003). This meant that the total amount of moss afpbee treatment

was taken from an area that was only 10% of the treatment area, as suggested in the

Peatland Restoration Guide (i.e. 14°@rea of moss applied to 1.44)m The moss was
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shredded by hand and placed evenly in the treatment. The applicahsisted of a

single layer of moss fragments that covered 85% of the treatment area.

4.5.2Ericaceous shrub transplantation

A total of 15 shrubs were evenly spaced and transplanted in areas assigned plant
treatments. Healthy looking plants with green Esawere randomly collected. Seven
were leatherleaf species and eight were other ericaceous species, mainly Labrador Tea,
bog rosemary, and sheep laurel. The plants ranged from 10 cm to 40 cm tall. Each
transplant possessed a section of root witheastl several root hairs. Each plant was
tagged with flagging tape to identify which plants had been transplanted (in Strata 2 and

3, shrubs already existed in the treatment area).

4.5.3Phosphate rock fertilizer addition

Phosphate rock fertilizer {03-0) wasobtained from an agricultural supply store. Using a
laboratory scale, the fertilizer was measured into 0.024 g packets so that the correct
amount could be applied quickly in the field. Each treatment area of Z4dceived

0.024 g producing an applicatiorate of about 100 kg/ha, which falls within the
recommended range for peatland fertilization (Sottorcornola et al., 2007). Since

powdered formulations often cannot be spread effectively in Peatlands due to high wind
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conditions, beaded phosphate rock wpsead evenly over the entire treatment area by

hand, as recommended in the Peatland Restoration Guide.

4.5.4Straw Mulch Cover Application

After all vegetative and fertilization sttbeatments were applied to the plots, straw was
spread on the half of theqtlthat was randomly assigned to receive straw. Wooden
boards (0.15 cm wide by 2 m long) spread across the plots were used as walkways to
minimize alteration of the prepared plots while spreading the straw. Approximately 85%
of the area assigned to reaeistraw was covered with straw. This allowed for some light
penetration through the straw layer, but ensured adequate coverage of the majority of the
treatment areaFfgure 4.51). Approximately 0.4 kg was applleto each 1.44 fn

treatment area, with the remainder of the bale spread around the plot in the buffer zone.
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Figure 4.51 Example of straw cover with about 85% coverage over treatment. Straw
was also applieto the 30 cm buffer zone.

4.6 MONITORING STATION INSTALLATION

As indicated inFigure4.3.1, each straw and no straw section of all seven plots possessed
a hydrological monitoring station. They were installed to meathe effects of straw on
local hydrology, as well as on other biological and chemical properties. Additional
hydrological monitoring stations were installed in two types of control areas for each
plot, providing a total of four stations per plot. Thentol areas consisted of an

undisturbed location in a natural state and a disturbed area that received no treatment.
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4.6.1Monitoring wells

Solid and slotted PVC pipes, as well as caps, for constructing monitoring wells were
purchased from Aquaterra Resourt@sated in Waverly, Nova Scotia. The PVC pipes
were 25 mm in diameter and 1.5 m long, with threaded ends. Each solid and slotted pipe
was cut in half and then screwed together creating a 1.5 m long well with a 0.75 m
screened interval. A cap was put thke screened end of the well. A hand augur was
used to make a hole approximately 1 m deep. The well was then inserted into the hole so
that there was 0.7 m of screened pipe below the strf@erehole annular spaces were
backfilled with native soil. Aremovable cap was placed on each well to prevent

inconsistencies of local hydrology due to infiltration of precipitation.

4.6.2Lysimeters

Lysimeters were placed in the hydrologic stations to measure the difference in
evaporation between areas covered withvstand areas with no straw coverage. The
lysimeters were constructed out of small plastic containers approximately 40 cm deep and
20 cm by 20 cm wide, which were purchased at Canadian Tire. A string was attached to
two opposite sides by drilling holes ihe sides of the container. In order to install the

lysimeter, a square soil core was taken from the site, being careful not to compact or

L All wells were constructed in this manner except for the wells for plot 5 which only had
atotal of 0.3 m screened portion because of shallow soils. Wells in plot 5 only extended
0.3 m into the ground.
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disturb the soil layers. The soil was then gently placed in the lysimeter, so that the soil
horizons were not distbed. Each lysimeter was weighed before inserting it into the hole
from which the sample was extracted. The lysimeters were checked to make sure that
they were flush with the ground and the excess dirt was backfilled to eliminate empty

space around it.

4.6.3Rain gauges

At each hydrol ogi cad-l nPaniinn oGd ingge s thay | mr ian
90107) was installed. They were capable of recording up to 12 cm of accumulated
rainfall. The rain gauges were placed in the center of the hydrologicatomigg

stations, where there would be no interference from vegetation. Several mL of baby oll

was added to the rain gauges to prevent evaporation between precipitation measurements.

4.6.4Redox Rods

Steel rods were used to evaluate water table level bywabgevhere rust accumulated in
oxygenated parts of the soil. These were used in addition to the monitoring wells because
they provide a more time integrated approach. Steel rods 75 cm in length and 4 mm in
diameter were inserted into the peat so thatrBQar as much as possible in the case of

plot 5) of the rod would be underground.
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4.7 PRELIMINARY MEASUREMENTS
4.7.1Soil Chemical Analysis

A total of 21 soil samples were taken on Jun8 2D09 using a soil core. Three samples

were taken from each plot: (ine from the disturbed control, (ii) one from the study area
containing all four treatments, and (iii) from the study area containing all treatments but
straw. The samples were immediately put in a cooler and kept chilled until they were
delivered tothe Nva Scotia Department of Agricul tu
Truro, NS. The samples were analyzed for pH, percent organic matgr,KBO, Ca,

Mg. Na, Sulfur, Al, Fe, Mn, Cu, Zn, and nitrate.

4.7 .2Initial leaf measurements

Plant leaf growth rate wasanitored by measuring the length of the newest fully formed
leaf of 3 Labrador Tea plants in each stplant treatment (Personal Communication, Ed
Reekie, Acadia University, Wolfville, Nova Scotia). The number of small, or not fully

formed leaves, wereoanted.
4.8 \WWEEKLY MONITORING

Weekly to biweekly monitoring of the following metrics was conducted between June
10, 2009 and October 5, 2009. Over this time period the plots were monitored a total of

17 times.
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4.8.1Visual/Photographic Inspection

A picture was d@ken of each treatment in every plot during each monitoring visit. The
same picture location and orientation was used to provide an effective way to visually

analyze differences in treatments.

4.8.2Hydrological Monitoring Station

The hydrological stations wermonitored throughout the 2009 growing season on a
bimonthly basis. The main objective in setting up the four monitoring stations per plot
was to be able to identify differences in surface andssuface hydrology between (i)
unrestored disturbed areds) areas that had only been treated with surface preparation,
and, (i) areas that had been treated with surface preparations as well as straw mulch

application.

MONITORING WELLS

During each monitoring visit the distance from the ground surface twdber level in
each well was measured using a DippekVater Level Meter (Heron Instruments,

Burlington, Ontario).
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LYSIMETERS

Lysimeters were pulled out of the ground and weighed on a hand scale (Luggage Scale,
Travelon, lllinois) and then returned toetlground. Where straw was present, it was
removed prior to weighing, and upon reinsertion of the lysimeter into the ground the area

was recovered with straw.

RAIN GAUGES

During each visit, the water level in the rain gauges was measured. The water was
poured out to the side of the plot and then baby oil was replenished to the rain gauge
before it was reinserted to its proper location in the plot. The rain gauges measured

cumulative rainfall which occurred between monitoring visits.

Re-Dox RoDs

The stekrods were pulled from the ground, noting where the rod was at ground level.
The length of rod that was covered in rust was measured. The rod was then replaced to

approximately the same distance in the soil as when it was taken out.

VOLUMETRIC SOIL WATER CONTENT

The volumetric soil water content was measured during each monitoring visit using a
HydroSense soil moisture probe (CD620, Campbell Scientific Australia Pty. Ltd.).

Measurements were taken in the monitoring stations by inserting the two 12t@h m
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probes vertically into the soil. Three replicate measurements were taken during each site

visit.

4.9 END-OFSEASONMONITORING

4.9.1Soil Analysis

At three locations within each treatment (selected by using a random number table) the
top 10 cm of soil was diected. They were kept in a cooler until brought to the lab at
Dalhousie University to be analyzed. The analysis of these samples is described in the

following sections.

ELECTRICAL CONDUCTIVITY AND PH

In the lab, aqueous solutions were prepared by gd2i®@ ml of distilled water to 200 ml|
of gently tamped down soil. The solution was stirred well and pH of soil from each

treatment was measured using a YSI 600R rpaltameter sonde.

GRAVIMETRIC WATER CONTENT

The gravimetric moisture content of each saimple from each treatment was measured
using a twestep method outlined by Karam (2008). For each treatment, a wet sample of

about 50 g was measured into aluminum dishes. The samples were allowed to air dry for
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two days before being dried at 105n an oven. The samples were then weighed again

and moisture loss was expressed as a percent of the oven dry mass.

ORGANIC CONTENT

The organic matter content of the soil samples taken from each treatment was determined

using a method outlined by Karam (8). The overdried samples used for gravimetric
water content were ashed at 800n a muffle furnace and then reweighed to determine

the percent organic content.

4.9.2Moss

PERCENTCOVER INPLOT

The percent cover in each treatment was estimated using @eyeeastimates as

described by Schoenebergdral. 2002.

PERCENTCOVER BY SPECIES ANDAVERAGE HEIGHT IN QUADRAT

In each treatment, a 25 émuadrat were placed in the two best areas of coverage and the
two areas with the least amount of cover (4 locatioted). Within the quadrats species

cover and average height was determined. The species cover was estimated, and the
height was measured by placing the end of a measuring stick on the ground and reading

the height of the nearest capitula head.
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AVERAGE M0OSSDRY WEIGHT

The quadrat used to measure the square plots in Strata 1 wa$ T#emuadrat used to
measure the longer and thinner plots in Strata 2 and 3 was 0.3 m by 2.4 m.  Within these
quadrats, the area was divided equally between 144sadrats that were each 10 ém

Moss and soil samples were collected from thesegsiabirats.

The moss in each of three randomly chosencgudrrants was collected, placed in bags,
weighed in the lab and allowed to air dry before being oven dried &CLf% 24 hours.
The samples were then reweighed and the dry weights for each treatment were averaged

and compared.

4.9.3Transplanted shrubs

SURVIVABILITY

In each treatment that received shrub transplants, the shrubs were assessed for
survivability. Plants were arked as either alive, dead or absent. For the plants that were
still alive they were characterized as unhealthy or healthy (green firm leaves and terminal

buds present).

PLANT LEAF GROWTHRATE

Labrador Tea plants in straw plots were measured for leaftrby number and by

growth rate and compared to plants in natural undisturbed areas. The leaves that had
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been tagged at the beginning of the season were measured at the end of the growing
season. The number of newly formed leaves, as well as leatesehwot fully formed,

were counted.

4.9.4Graminoids

PERCENTCOVER

The percent coverage of grasses within each treatment was estimated using percentage

estimates as described by Schoenebergat 2002.

AVERAGE HEIGHT

In each treatment, three samples sy height were taken. A measuring stick was put
down in a representative location within the treatment and the longest blade of grass in

that sample was measured from the ground to the tip of the blade.

4.9.5Drosera

AVERAGE NUMBER PERPLOT AND AVERAGE HEIGHT

In each treatmenDroseraplants were counted. The length of the longest leaf of the

three largest plants in each treatment was measured.
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4 .10 STATISTICAL ANALYSIS

For all metrics taken on a-lieekly basis in the hydrological monitoring stations (water
table depth, volumetric water content, rust accumulation, evaporation), differences
between treatments were statistically assessed using paiestls tconducted with
Microsoft Excel software. Conductivity, pH, and organic matter were also statistically

aralyzed using pairedtests conducted with Microsoft Excel.

For the remaining end of season measurements, preliminary analysis indicated that there
were no significant differences within Strata 2 or Strata 3 and so the treatment results
from Strata 2 an® were pooled together to generate 4 replicates for statistical testing.
The three Strata 1 plots were also pooled to give more replicates. Differences between
treatments, and interaction effects, were assessed with analysis of variance (ANOVA),
using he General Linear Model command in MiniTAB ® (a statistical software created
by MiniTab Inc., State College Pensylvania. Significance of these analyses was
determined using a Bonferonni correction factor of 0.01 andtastKsignificance value

of 0.05) for assessing differences between means. For all analyses, assumptions of
normality and constant variance were verified by looking for normally distributed data on

a histogram and checking for a goodness of fit of the residuals.
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Chapter 5: Results and Discussion

5.1 HYDROLOGY AND GEOCHEMISTRY

5.1.1Water Table

The effect of straw cover on water table height was assessed throughout the 2009
growing season. Average water table levels in the three strata are presdfitpdan

5.11. Marked differences in water table levels between straw and no straw treatments
were observed (Table 2). The average depth to the water table in straw treatments in
Strata 1 (Figure 5.1.1(a)) ranged freb®.1 cm to 3.4 cm. A positive value indicatieat

water was ponded on top of the ground surface. The range of water table depths in
treatments without straw was larget9.8 cm to 2 cm. In Strata 1, the average depth to
water in treatments covered in straw was significantly less (p < 0.05) thse without

straw covers (Table 2). Similar results were observed in Strata 2 and 3. Water depths in
Strata 2 treatments covered with straw ranged betwg@® cm and 1 cm (Figure
5.1.1(b)). Nestraw treatments had a larger range, fr@m.2 cm to O m. In Strata 3,

straw treatment water levels ranged fréh® cm to 8.3 cm and rstraw treatment water
levels ranged from5.8 cm to 8.3 cm. In both Strata 2 and 3 water table levels in plots
covered with straw were significantly closer (p < 0.01) te surface than in plots

without straw.
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Figure5.11 Average depth to water table and precipitation for strata during the 2009
growing season. Error bars represent 95% confidence intervals. a
represents Strata 1 ; b) represents Strata 2; c) represents Strata 3.
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Table2. Significance levels @palues, or ** for p<0.05) of the main effects of straw on
water table level in each strata

Strata 1 Strata 2 Strata 3

Water Table ** *k **

While there were no significant differences in water table level between the unrestored
disturbed areas and areas that only received site preparation (treatment 1), visual
inspection indicated that there was some change in infiltratioacitggn the areas that

had been prepared via leveling and decompacting. The unrestored areas were inundated

with surface water for much of the growing season.

In all three strata, a relationship between precipitation and water table level was evident
(Figure 5.1.1.). Examples of high water table levels in straw treatments can be seen
during extreme precipitation events where water tables are above the surface of the
ground, and also in Strata 3 which is characterized by a very shallow peat depth. The
effect of straw on water table levels was expected, as the presence of straw helps to
prevent evaporation and maintain stable temperatures (Price et al., 1998). -Stteavno

and disturbed control treatments exhibited similar fluctuations in water talkels.leVhe
observed lower water table level in the positive control (the area that was undisturbed
and received no treatment) generally reflects the depth of the living moss carpet found in

undisturbed areas of the bog. The moss hummocks were approyirbated 20 cm
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high, and therefore the measured water table level in these areas was 15 to 20 cm lower

than in bare areas.

5.1.2Volumetric Water Content

Soil water content within the hydrological monitoring stations were measured in the field
on a weekly basi (volumetric) and in the lab at the end of the monitoring period
(gravimetrical). For both types of measurements, there were no significant differences (p
> 0.05) between straw and-straw treatments, or prepared and unprepared treatments, in
any plot. As well, no significant difference was observed between the two different types
of control areas, disturbed and undisturbed. These results contradict the water table level
results, which showed significant differences between straw arslran treatmerst

This is most likely due to the fact that peatland soils are extremely moist and small
differences in moisture content were difficult to detect using the field or lab procedures

employed in this study.

5.1.3Evaporation

The results of the lysimeter measuretsewere inconclusive, showing no significant
differences (p > 0.05) between any treatments or controls. It was hypothesized that there
would be less evaporation in plots covered with straw than those without straw, as found

by Price et al. (1998) and Petre et al. (2001). This lack of significant effect may reflect
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the simple construction of the lysimeters, and measurement methodologies, as well as the
fact that the 2009 growing season was quite wet. The effect of straw covers on
evaporation rates is seething that should be evaluated using a more sophisticated
methodology, using commerciai-situ lysimeters or micreneteorological techniques

and under drier conditions.

5.1.4Electrical Conductivity and pH

It was expected that the pH in disturbed areaseptuatland would be lower than in the
undisturbed areas, as observed by Croft et al. (2001). However there was no significant
difference (p > 0.05) in pH measurements, either between treatments or plots.
Additionally, there was no dramatic change in pt¢rothe growing season in any of the
treatments (Table 3). In all treatments the initial and final pH varied by less than 0.3 pH
units. One possible explanation for this lack of effect is that the experiment was
conducted over just one growing seasonerghs other experiments looked at changes in

soil geochemistry over multiple years (Gilliam et al., 1999).
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Table 3. pH values at the beginning and end of the season for all plots. Positive control
refers to the undisturbedrems, negative controls were disturbed areas that
received no treatment, treated areas have straw, fertilizer, moss and shrub

treatments.
Treatment

Straw, moss, fertilizer, shrubs | Positive Control Negative Control

Initial Final Initial Final Initial Final

Plot 1 4.1 4.2 4.0 4.2 4.0 4.2
Plot 2 4.1 4.3 4.1 4.3 4.1 4.3
Plot 3 4.0 4.3 4.6 4.2 4.0 4.3
Plot 4 3.9 4.0 4.0 3.9 3.6 3.7
Plot 5 3.9 3.9 4.1 3.6 3.9 3.9
Plot 6 4.7 4.4 4.1 4.3 4.2 4.4
Plot 7 4.5 4.6 4.0 4.4 4.2 4.4

*the initial pH measuremés for no straw treatments were not collected |

The electrical conductivity of peatland soil can be quite variable (Bussieres et al., 2008).
However, it was expected that in this study disturbed areas with little to no vegetation
would have greater sodlectrical conductivities than areas with established vegetation,
due to ion leaching in the disturbed, bare areas and vegetative uptake in the control areas
(Beltman et al., 2005). The results indicated that there was no significant difference (p >
0.05) between the areas treated with straw, fertilizer, moss, and shrubs, disturbed areas
(negative control) and undisturbed natural areas (positive control) (Table 4). Geophysical
changes in soil chemistry are slow processes and it may take several seasmns for
treatment effect to be detected. A more refined sampling protocol may also be required

to detect differences.
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Table4. Average electrical conductivity valugsS) for each strata as determined at the
end of the season. Positieentrol refers to the undisturbed areas, negative
controls were disturbed areas that received no treatment, treated areas have
straw, fertilizer, moss and shrub treatments.

Treatment
Straw, moss fertilizer, shrubs | Positive Control | Negative Control
Strata 1 0.030 0.024 0.037
Strata 2 0.040 0.061 0.025
Strata 3 0.031 0.024 0.025

5.1.5Redox

Rust accumulation on steel rods was measured at each sampling date. The measurements
from the three plots in Strata 1 were averaged and are presented in Figure 5.1.2a.
Measurements from the four plots in Strata 2 and 3 were also averaged and are provided
in Figure5.1.2b and 5.1.2c. Rust accumulation was used as an indicator of water table
level. The depths of rust ranged frammaximum of 31.5 cm to 0 cm. Owens et al.
(2008) found that rust on steel rods correlated well with water level. In this study, depths
of rust accumulation between treatments were significantly different (p < 0.05) in Strata 1
with more oxidation occuimg in treatments without straw cover (Table 5). The
observations for Strata 1 are consistent with the results of the water table monitoring,
providing additional evidence that the water table level was higher in plots that were
covered with straw. Rustevels between straw and -straw treatments were not
significantly different in Strata 2 and 3, which could be due to the lower level of damage

present in these strata versus Strata 1. There was more vegetation, specifically grass,
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covering all areas int@&ta 2 and 3. This could have minimized the effect of the straw

cover.
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Figure5.12 Average depth of oxidation in Strata 1 (a) and Strata 2 (b) and Strata 3 (c) as
measured byust on steel rods. Error bars represent one standard error.
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Table5 Significance levels (pvalues, or ** for p < 0.05) of the main effects of straw on
rust accumulation.

Strata 1 Strata 2 Strata 3

Rust (cm) o 0.17 0.37

5.1.60rganic Matter

The lab analysis of soil organic matter showed no significant difference (p > 0.05) in
percent organic matter between straw andtnaw treatments. Additionally, there was

no significant difference (p > 0.05) between areas receiving alirtezdis and the control
natural area. Measurements of soil organic matter content in all Strata ranged from 90%
to 98%. Plant growth can increase the amount of soil organic matter. However, since
peatland soils are composed primarily of organic mattee tiseiypically little difference

in percent organic matter between different layers of soil across a peatland (Kratz and

DeWitt, 1986).

5.2Moss

The establishment of $phagnuntover is crucial to the successful restoration ofouar
bogs (Price et al., B8). In this study, moss was considered to be the most important

element in restoring a peat accumulating system.
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5.2.1Percent Cover

Straw had a very significant (p = 0.0001) effect on the area covered in moss for all strata
(Table 3). The mean percent covggan straw plots was approximately 70% while the
mean percent coverage in-sgaw plots was only about 43%. A maximum coverage of
98% was observed in Plot 5 (treatmeniFyP) in which there was no fertilizer or plants
added, only moss and straw. Anmnum percent coverage of 10 % was observed in the
straw Plot 3 (treatment M;P;) where moss was applied followed by fertilizer and
transplant additions. The maximum percent coverage observedstmamo plots was

80% in Plot 4 (treatment NP;) and Pld 6 (treatment MF;Po). Figure5.21 andFigure

5.22 illustrate the pooled data for Strata 1 (Plot8)land Strata 2 and 3 (Plots7}
respectively. In all strata, treaénts covered with straw had a higher percent coverage of
moss than the treatments without straw. Strata 2 and 3 had, on average, a greater percent
coverage than Strata 1. While statistical analyses were only performed on treatments
where moss was appfieit is also interesting to note that in Strata 2 and 3 thesea

greater amount of moss coverage in straw plots where no moss had been applied. In
Strata 1, areas that had not received any moss application had no moss coverage at the
end of the seasomegardless of straw mulch cover. This is most likely due to the fact
that Strata 1 was much more disturbed than the other sites, since it was accessible year
round by ATVs. Consequently, the damaged areas probably had no viable bryophyte
seed bank to itiate growth. ThereforeSphagnunonly grew when applied. In Plots7

the ATV tracks were surrounded on either side by a thick cover of sedge and grasses.
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This may have provided additional soil stability (Ferland et al., 1997) to accelerate moss

estabishment and foster growth from seeds.

Table 6 Significance levels @walues, or ** for p<0.05) of the main effects and
interactions on moss cover and height.

Main Effects and Percent cover Percent cover Height Height
Interactions Strata 1 Strata2and3 Stratal Strata 2 and 3
Straw - - - o
Fertilizer 0.38 0.90 0.71 0.66
Plants 0.74 0.94 0.19 0.34
Straw *Fertilizer 0.752 0.60 0.77 0.84
Straw * Plants 0.32 0.87 0.35 0.42
Fertilizer * Plants 0.24 0.25 0.35 0.84
Straw * Fertilizer 0.24 0.48 0.21 0.58

* Plants
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Figure5.21 Average moss percent cover by treatment in Strata 1 (R®)s Error bars
represent standard error of the mean.



75

100

. o | |

40 —

LLIERR

0 jh
2- Fertilizer 3- Fertilizer, 4- Plants 5- Moss 6- Moss, 7- Moss, 8- Moss,

treatment Plants Fertilizer Fertilizer Plants
Plants

M Straw
™ No Straw

Treatment

Figure5.22 Average moss percent cover by treatment in Strata 2 and 3 (Piptsetror
bars represent standard error of the mean.

There was no effect of fertilizer application, or presence of shrub transplants, on percent
cover and moss ght (p > 0.05). Ferland and Rochefort (1997) found that fertilization

and straw mulch had a significant effect on moss growth after two growing seasons. This
observed effect of fertilizer and straw mulch could be due to the fact that their experiment

spanned two growing seasons, and two fertilizer additions.
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5.2.2Average height

Straw cover treatments had a very significant effect (p < 0.05) on the average height of
moss (Table 3). The mean height of moss in straw covered plots was 1.84 cm, with a
maximum heht of 3.10 cm observed in Plot 6 and a minimum height of 0.93 cm in Plot

3. The mean height of moss in plots with no straw cover was 1.20 cm. The maximum
height of moss in no straw plots was 2.05 cm in Plot 4 and a minimum height of 0.78 cm
was observe in Plots 1 and 4. In addition to providing favorable hydrological and
microclimatic conditions for moss growth (Ferland and Rochefort, 1997), the straw could
have provided valuable structure and substrate for moss growth. When straw was
removed at thend of the growing season, the moss had become attached to the pieces of

straw, forming a thick mat.

There was no significant difference in moss height between subtreatment combinations,
however it was observed that moss in Strata 2 and 3 (Ribtsvéreon average about

0.5 cm taller than the moss in Strata 1 (Ple8 {Figure 5.2.3 and Figure 5.2.4). It was
surprising that the moss did not respond to the fertilizer addition, since this effect has
been commonly observed in other studies (Li and \t&894). However, it is possible

that the increased amount of precipitation and pooled water may have washed out and
diluted the fertilizer treatments, thereby making it ineffective. To further test the effects
of fertilizer treatments on moss growth, gnhouse experiment could be used to have a

more controlled environment and multiple growing seasons should be studied.
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Figure5.23 Average moss height in Strata 1 (Plot8)1 Error bars represent stard
error of the mean.
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Figure 5.24 Average moss height in Strata 2 and 3 (Plet®.4 Error bars represent
standard error of the mean.

5.2.3Effect of Ericoids

Dansereau and Segaedisnna (1952) noted th&phagnuntend to grow on, and up,

stems and twigs of leatherleaf plants. Ferland and Rochefort (1997) also found that
vascular plants provided protection and cover for moss species. In this study however,
there was no significant effect (p > 0.05), or iatgion, between moss growth and
shrubs. This could be due to the fact that shrubs were transplanted at lower densities than
would be found in more natural conditions. A study (personal communication Peatland
Ecology Research Group, thesis in progressurrently in progress to determine if

transplanting shrubs at higher spatial densities has an effect on the establishment of moss.
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Again, the lack of observed effect in the current study could be due to the short

monitoring period.

5.3 TRANSPLANTED SHRUBS

It was expected that all species of transplanted ericaceous shrubs would survive and grow
in a similar manner. It was also hypothesized that survival rates in treatments with straw

and fertilizer would be higher.

5.3.1Survival

While all of the transplanted sbp laurel survived, approximately 50% of the plants were
classified as unhealthy at the end of the growing season. Most of the transplanted shrubs
were either leatherleaf or Labrador Tea plants, and so only these two plants were studied
in greater detail Of these two, leatherleaf had a significantly (p < 0.05) greater survival
rate than Labrador Tea plants when all treatments were pooled together in each site
(Strata 1 and Strata 2 and 3). These results are similar to other studies, which have
examinedericaceous regrowth in peatlands (Sims and Stewart, 1981). Leatherleaf and
Labrador Tea transplants were analyzed individually to test the effects of fertilizer and
moss treatment on transplant survival (the effect of straw was not analyzed because only
plants in straw treatments were studied due to time constraints) (Table 7). Leatherleaf

plants had a higher survival rate, regardless of the treatment. Straw, fertilizer, and moss
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treatments had no effect (p > 0.05), however, on either Labrador Teatloerleaf

transplant survival.

Table 7 Significance levels (alues) of the main effects and interactions on plant
survival.

Strata 1 Strata 2 and 3
Main Effects
and Leatherleaf Labrador Tea Leatherleaf Labrador Tea
Interactions
Fertilizer 1.00 0.35 0.25 0.27
Moss 1.00 0.15 0.71 0.55
Fertilizer*moss 0.23 0.79 0.83 0.53
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Figure5.3.1 Survival of ericaceous transplanted shrubs by species. The number of total
transplantedspegde of shrub i s indicated by 6&én

5.3.2Leaf Growth Rate

It was expected that there would be a significant effect of fertilizer on plant growth rate,
based on the results of Sottocornola et al. (2007), and because bogs are known to be
phosphorous limited (Femad and Rochefort, 1971, O6Tool

fertilizer effect on leaf growth was detected (p > 0.05). While fertilizer has been shown
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to effect plant growth, other researchers have found that bryophytes are the most affected
by phosphorus adddn (Sottocornola et al., 2007). This may be a reason why a
phosphate rock fertilizer effect on Labrador Tes growth rate was not observed in this

study.

5.4 GRAMINOIDS

5.4.1Percent cover

Overall, fertilizer had a significant effect (p < 0.05) on graminoid gnawtStrata 1, but

not in Strata 2 and 3 (Figure 5.4.1, Figure 5.4.2, and Table 9). It is interesting to note that
in Strata 1 there was a significant (p < 0.05) negative effect between fertilizer and straw
on graminoid percent cover. One possible expiangor this effect is because of the
greater amount of moss observed in straw plots. In treatments where no moss was
applied (treatments-4), fertilizer had a highly significant (p < 0.00001) effect on
graminoid coverage. This is similar to what othesearch ers have found when looking

at bryophyte and graminoid interactions with respect to fertilizer (Pouliot et al. 2009). A
thick layer of moss can act as a nutrdabsorbing barrier by prohibiting added fertilizer

from reaching the roots of vadau plants. In contrast to the fertilizer effect, straw and
moss application had no effect on graminoid cover (p > 0.05, Table 9). The difference
between observations in Strata 1 versus Strata 2 and 3 make sense because a large portion
of the plots in §ata 2 and 3 were initially covered by graminoids, and so little change

was detected.
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Figure5.4.1 Strata 1 graminoid percent cover by treatment. The first column in each pair
represents the treatmentthv fertilizer addition while the second column
represents that without fertilizer. The columns are also paired with similar
straw treatments. Error bars represent standard error of the mean.
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Figure5.4.2 Strata 2 and $raminoid percent cover by treatment. The first column in
each pair represents the treatment with fertilizer addition while the second
column represents that without fertilizer. The columns are also paired with
similar straw treatmentsError bars represent standard error of the mean.

Table 8 Significance levels @walues, or ** for p < 0.05) of the main effects and
interactions on percent cover of graminoids.

Main Effects and Strata 1 Strata 2 and3
Interactions

Fertilizer *x 0.37
Moss 0.84 0.47
Straw 0.84 0.20
Fertilizer*moss 0.51 0.10
Fertilizer*plants 0.08 0.55
Fertilizer*straw *x 0.93
Straw*plants 0.15 1.00
Straw*moss 0.63 0.65
Moss*plants 0.57 0.96

Fertilizer*moss*straw*plants 0.91 0.83
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5.5DROSERA

Droseraare carnivorous plants that are present in many peatlands. They have adapted to
nutrient poor conditions and are valuable organisms contributing to species diversity.
Droseradepend on stable hydrologic conditions (Wolf et al., 2006) and so ¢serme

of these species in a restored site may be an indication of successful restoration.

5.5.1Frequency

In Strata 1, straw had a significant effect (p < 0.05, Table 5) on the numbeos®ra

plants, with moreDrosera occurring in straw treatments. In Saa®2 and 3 however,
Droserawere not observed in higher numbers in straw treatments. A possible explanation
for these results may be related to the level of hydrologic variability between sites. At
the more severely damaged Strata 1, straw may have caeattito the maintenance of
adequate moisture levels, necessary for the regrowilradera sp.(Wolf et al., 2006).
Throughout the season, Strata 1 were frequently flooded and straw cover was most likely
able to keep the plants afloat, allowing them totwagfood. In Strata 2 and 3, the fen

like conditions were more favorable tOrosera (higher mean number of plants
observed). The sedges found in the disturbed areas of Strata 2 and 3 probably provided
necessary structure to allof@rosera plants to maint& proper saturation conditions
where the plants have adequate access to water but are not completely submerged

(Fontaine, et al., 2007). Fens dominated by sedge are known to be favoflatedm
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species (Wolf et al., 2006). A significant (p < 0.0&iXifizer effect was detected in Strata
2 and 3, with more Drosera occurring in fertilized areas. A possible reason for this
observation is that the fertilizer appeared to promot graminoid growth, which provided
more favourable conditions f@rosera However, a fertilizer effect was not detected in

Strata 1.

Other researchers have also found conflicting results with respect to fertilizer effects on
Drosera. Sliva and Pfadenhauer (1999) observed a greater establishmBnosefra
rotundifolia in areas hat had been fertilized with phosphorus, but Stewart and Nilsen
(1992) found that phosphorus addition reduced the growbradera The carnivorous
Droseraplants are able to obtain nutrients from insects and so may not be as dependent

upon added nutries.
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Figure5.5.1 Frequency oDroseraplants observed by treatment and Strata. Treatments
receiving straw are treatments 2, 3, 6, and 7. Error bars represent one
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Table9. Significance levels ualues, or ** for p<0.05) of the main effects on Drosera

Frequency

Main Effects and Interactions Strata 1 Strata 2 and 3
Moss 0.17 1
Plants 0.86 0.29
Fertilizer 0.97 *k
Straw *x 0.66
Fertilizer*moss 0.23 0.28
Fertilizer*plants 0.72 0.12
Fertilizer*straw 0.10 0.11
Straw*plants 0.10 0.26
Straw*moss ** 0.69
Moss*plants 0.16 0.66
Straw*Fertilizer*Moss*Plants *x 0.22

5.5.2Leaf length

There was no significant difference (0:5) between leaf lengths Droseraplants for

any treatments. Other studies that have examined the effects of phosphorus addition on
D. rotundifoliagrowth also have not detected any change in leaf size due to fertilization,
but rather a change in nuemof leaves and leaf mass (Svensson, 1995). It is not
surprising that fertilization was observed to have a greater effect on moss and grass
growth than that ofDrosera, because fertilization is shown to benefit generalist

competitors, not the carnivoroisosera(Wolf et al., 2006).
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Figure 5.52 Average Length ofDrosera Leaves across all three strata. Error bars
represent standard error of the mean. Treatments 1, 4, 5, and 8 received no
fertilizer while the others were treated with phosphorus. *Note there was
very little error in treatment 2.
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Chapter 6: Conclusions
6.1 STE PREPARATION

The benefits of field preparation such as leveling and decompacting, and its contribution
to restoration success, were evaluatethis study. While there was no significant effect

on measured water table level between the prepared and unprepared sites, visual
inspection showed that water was more often pooled on the surface in the unleveled and

unprepared areas.

6.2 EFFECTS OFSTRAWMULCH COVER

In areas covered with straw (approximately 1700 Kg)htne depth to water table was
significantly less than in areas without straw cover, indicating that straw helped to keep
the water table closer to the soil surface. The effect ovstover on evaporation rates,
VWC, pH, percent organic matter, and electrical conductivity were inconclusive, but
results showed that the depth of oxidation was significantly less in areas covered with

straw.

Straw cover had significant effects on both ssmiggrowth and percent cover. Areas
covered with straw had a mean percent cover of 70% and height of 1.8 cm, while areas

without straw had a mean coverage of 44% and height of 1.2 cm. In addition to
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providing favorable conditions for moss growth, strawbably provided stability and
structure for the moss fragments. There was no significant effect of straw on the survival
or growth of transplanted ericaceous shrubs, however in some plots the presence of straw

increased the frequency of the carnivorowpDrosera.

6.3 EFFECTS OFFERTILIZER

The effects of phosphate rock fertilizer application (100 kY lom moss and ericaceous
shrub transplant survivability and regrowth was also assessed. While no significant
effect on moss or shrubs was observed, feetildid significantly impact the presence of
graminoids, which may contribute to the success of moss colonization and may limit the
need for repeated application of straw mulch. Fertilizer seemed to have little effect on

the growth or survival of any ogh plants.

6.4 VEGETATIONAPPLICATION

In areas wher&phagnum rubelluror Sphagnum fuscummoss fragments were applied
(85% coverage), there was significantly msphagnuntoverage than in areas where no
moss was applied. The transplanted ericaceous shmbsly Chamaedaphne
calyculata and Ledum groenlandicunpossessed high mortality rates and had no

contribution to moss growth.



92

6.5 EFFECTIVETREATMENTCOMBINATIONS

The main objective of this research was to recommend a procedure for the complete
restoration ofthe Lake Charlotte Peatland. In each ecosite (Strata 1, 2 and 3) it is
recommended to use the same procedure. The recommended procedure for the remaining
disturbed areas should be to prepare the area with leveling, and decompact the soil. Moss
fragmens should be applied, and phosphate rock fertilizer should be added with an
application rate between 100 kg“hand 200 kg h& Finally, straw mulch should be

spread over the entire site at a rate of approximately 1700%g ha

6.6 NEWFRONTIERS INPEATLANDRESTORATION

This study provides new information on peatland restoration to damage caused by ATV
use in bogs and fens in Nova Scotia. The method outlined in this thesis suggests that
slightly different techniques (hand application of moss, shrubs, Zertiland mulch) than

those used for areas damaged by peat harvesting (mechanical spreading of vegetation,
fertilizer, and straw) will be most effective for repairing ATV damage in peatlands. This
work describes a technique for restoring linear disturlmrtoe peatlands that are

inexpensive at low cost and requires minimal manpower.
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6.7 RECOMMENDATIONS

1. Even though a procedure for restoration of peatlands damaged by ATV trails in
Lake Charlotte, Nova Scotia has been evaluated and some recommendations can be
provided based on this research, further monitoring over another growing season is
needed to effectively determine the success of these restoration techniques. A
longerterm monitoring program would provide more information on hydrologic
conditions over timas well as a time frame for establishing a thick moss carpet and
new growth of other peatland species. Key things to monitor should include the
establishment and depth of moss cover and establishment of plant community in

relation to reference sites.

2. More research conducted in each ecosite would provide an opportunity to better
distinguish specific characteristics (e.g. peat chemistry, topography, or geologic
data) of each strata, to help determine the best way to adapt these approaches to

similar ecositesn other locations.

3. The creation of a regional database including information about the site and its
disturbances as well as methods, costs, and success of restoration would be
beneficial for sharing ideas about approaches to restoring peatlands thaaigoul
benefit compensatory mitigation projects required in peatlands for regulatory

purposes.
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4. Other research studies should be conducted on other types ofssaialllinear

peatland disturbances such as forestry vehicle tracks, power lines, and lailksng tr
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Appendix A
Permanent Plot
Site: Permanent plot #:
Name (s): Representativeness:
Date

Percent cover Average Plant list with percent cover

classes Height {cover of mosses is evaluztad in quadmls
Q=0 I=26-5% (e} il meiidd i thee Ciroisnd bewvied Norms)
+ = 1% d4=3]-Ti%
1=1- 10 5= - 100%
2a 1] - 29%
Trees/shrubs strata I | | ]

Ericaceous strata I ] [ ]

(Frass strata I | | |

Muoss strata I | | |

Total plant cover |:|

Bare peat and litler |:|

Perturbation |:|
Straw mulch |:|

Photos

Comments
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Ground level
Percent cover of mosses in quadrats
Site: Date:
Permanent plot &: Mame (5):
g Sphagnum Mosses .
o b . [ * . 'E E
e HE I I I L g
1
2
3
4
5
[
7
B
o
10
1
12
13
14
15
16
17
15
19
20
Motes:
* Fus = Sphagaim fuscum, Bub = & rebellum, Mag = 5 sagelisaicus, Poly = Palprichum siricris
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Appendix B

Initial shots prior to restoration
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Plot Construction
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Moss Application
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Ericaceous Shrub Transplantation




