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Project Background

Over its history, the Healthy Landscapes Program (HLP) at fRI 
Research has developed an understanding of the natural range 
of variation and landscape patterns of upland forests in Canada’s 
western boreal forest. This has been primarily guided by the 
membership of the HLP (forest industry and government) and 
the focus of forest management policy on managing areas with 
merchantable timber and avoiding non-merchantable areas 
(e.g., most wetland types). Recent HLP projects have revealed 
a historic lack of wildfire activity on parts of the landscape not 
managed for timber, which in turn, has created unnaturally high 
levels of older seral stages.2 This discovery, alongside recent 
extreme fire seasons,  highlighted the need to widen the scope 
of the HLP from an upland forest focus to a whole landscape 
approach. This more inclusive focus will better align HLP with 
several elements of ecosystem-based management , recognize 
the diversity of values, and create opportunities for non-forest 
sector organizations (e.g., Indigenous communities, non-
profits, other government branches) to participate in future 
HLP projects.

Wetlands and the Healthy Landscapes Program

Boreal wetlands are abundant, diverse, and provide a wealth of important ecosystem services. However, in 
the context of forest management they may be referred to as unproductive, non-merchantable, ‘passive’, or 
even undesirable parts of the land base. They are often not included as part of the merchantable or ‘active’ 
land base managed by forest companies; however, this viewpoint is shifting as our understanding of wetland 
functions and their interactions with surrounding ecosystems grows. Land managers are recognizing a need 
for a whole landscape approach to forest management, with integrated management of upland, wetland, and 
aquatic ecosystems.2 

INTRODUCTION

“Recognizing the 
interconnectedness of all 
boreal forest ecosystems, the 
complexity of today’s threats 
such as climate change and 
biodiversity loss, and the 
need for diverse perspectives 
to inform solutions to these 
threats and to other natural 
resource management 
challenges – there is an 
opportunity for the HLP to 
broaden its approach and 
to consider all parts of the 
landbase, including wetlands.” 1
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Boreal wetlands are abundant in the western boreal forest, making up over 40% of some forest tenure areas. 
Wetlands form strong hydrological connections with adjacent wetlands, riparian areas, and upland forests. 
Because of their abundance and connectivity to surrounding ecosystems, boreal wetlands support a multitude 
of values across the landscape, including:

•	 Contributing to forest productivity and resiliency;

•	 Mitigating the effects of upland harvest on waterbodies; 

•	 Influencing wildfire behaviour and pattern; and,

•	 Mitigating effects of climate change through carbon storage and sequestration.3 

Healthy boreal wetlands support healthy upland forests and changes in wetland function can impact 
surrounding ecosystems. For example, wetlands have served as fire breaks, but recent studies show that some 
wetland types are increasingly susceptible to high-severity fires, increasing fire risk across the landscape.4,5 
Similarly, while complete avoidance when building resource roads is often impossible in the western boreal 
due to wetland abundance and connections with upland forests. Some forested wetlands can even contain 
merchantable timber. Knowledge of wetland ecology, hydrology, and relationships with surrounding 
ecosystems provides valuable information for managing landscapes as wholes, not as pieces, one of the 
foundations of ecosystem based management.

Objectives

The objectives of the HLP Whole Landscapes project are to:

This report addresses Objective Two, and is complimentary to “How does the HLP Define a Whole 
Landscape”. Wetlands are not the only ‘other’ component of a whole landscape, in Canada’s western boreal 
forest, but wetlands make up a significant portion of the non-upland area and are critical to the functioning 
of upland forests. Wetlands cover over 1 million km², constituting more than 35% of the western boreal forest 
land base.6 They support ecosystem functions that provide carbon storage, water regulation, habitat, and 
many other ecological, social, and economic services.7 For these reasons, wetlands are the focus of Objective 
Two. A similar review could be applied to other ecosystem types (e.g., grasslands, montane, etc.). 

The overarching purpose of Objective Two is to summarize current knowledge and research, available 
resources, key researchers and organizations, and knowledge gaps in key wetland related topic areas relevant 
to the HLP with the goals of:

•	 Providing an overview and introduction to boreal wetlands for HLP members;

•	 Identifying areas of intersection between wetland topics and the HLP;

•	 Summarizing key wetland knowledge gaps relevant to the HLP; and,

•	 Developing a roadmap identifying opportunities for future research.

OBJECTIVE ONE OBJECTIVE TWO
Develop a working definition of ‘whole 
landscape’ for use by the HLP and a high-level 
landscape classification scheme.

Objective one is assessed in How does the HLP 
Define a Whole Landscape. 

Conduct a literature review summarizing the 
current state of wetland knowledge as it relates 
to ecosystem-based management topics and 
create a road map identifying knowledge 
gaps and potential project and collaboration 
opportunities for the HLP. 
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To achieve these goals, we conducted a literature review presented as a series of topic-based factsheets. The 
topics for the factsheets were chosen based on the priority needs and interests of the HLP. The first section 
builds the foundational understanding of wetland ecosystem function, values, and connections on the 
landscape. The second section explores key natural disturbances affecting boreal wetland ecosystems. The 
third section highlights key effects of anthropogenic activities on boreal wetlands that need to be considered 
when conducting ecosystem based management across the whole landscape. Factsheets can be read 
individually or collectively and are organized into three sections (Table 1).

Each section starts with an introduction and includes several factsheets on topics that fit under the theme. 
Individual factsheets consist of an introduction, relevance to the HLP, summary of the topic, and key resources. 
At the end of each section we have summarized knowledge gaps organized by factsheet topic. At the end 
of the report, we provide a road map for the HLP, identifying priority knowledge gaps along with a list of 
wetland researchers and organizations. This review enhances our understanding of wetland importance, 
ecological function, and interconnectedness within the boreal landscape. In summarizing and presenting the 
information in an accessible manner, this project will support informed decision-making, guide future HLP 
project initiatives and promote a whole landscape approach to ecosystem-based management.

Table 1. Section themes and factsheet topics.

Wetlands on the Landscape

1 Wetland Values

2 Wetland Connectivity

3 Wetland Classification

4 Wetland Inventories

5 Wetland Hydrology

6 Wetland Soil Carbon

7 Wetlands and Climate Change

Natural Disturbance

8 Wetland Fire Behaviour

9 Post-Fire Succesional Dynamics

10 Indigenous Fire Stewardship

11 Managing Wetlands for Fire Risk

12 Wetlands and Beavers

Anthropogenic Disturbance

13 Wetland Resource Roads

14 Forest Harvest

15 Cummulative Effects

1. Ducks Unlimited Canada & fRI Research. (2024). A Whole Landscape Approach to Ecosystem-Based Management Part 1: How does the Healthy Landscape Program Define a Landscape. Ducks Unlimited Canada.
2. Anderson, R. L., Foster, D. R., & Motzkin, G. (2003). Integrating lateral expansion into models of peatland development in temperate New England. Journal of Ecology, 91(1), 68–76. https://doi.org/10.1046/j.1365-2745.2003.00740.x
3. Forest Management and Wetland Stewardship Initiative (FMWSI).  2018a. Guiding Principles for Wetland Stewardship and Forest Management Technical Report. Edmonton, (AB): Ducks Unlimited Canada.
4. Gingras, B., Slattery, S., Smith, K., & Darveau, M. (2016). Boreal Wetlands of Canada and the United States of America. In The Wetland Book (pp. 1–23). Springer Netherlands. https://doi.org/10.1007/978-94-007-6173-5_9-1
5. Hokanson, K. J., Lukenbach, M. C., Devito, K. J., Kettridge, N., Petrone, R. M., & Waddington, J. M. (2015). Groundwater connectivity controls peat burn severity in the Boreal Plains. Ecohydrology, 9(4), 574–584. https://doi.org/10.1002/eco.1657
6. Prairie Habitat Joint Venture (PHJV). 2021. PHJV Implementation Plan 2021-2025L The Western Boreal Forest. Produced by Environment and Climate Change Canada (ECCC), Ducks Unlimited Canada (DUC) and Members of the PHJV Science Committee.
7. Wilkinson, S. L., Moore, P. A., Thompson, D. K., Wotton, B. M., Hvenegaard, S., Schroeder, D., & Waddington, J. M. (2018). The effects of black spruce fuel management on surface fuel condition and peat burn severity in an experimental fire. Canadian Journal of 
Forest Research, 48(12), 1433–1440. https://doi.org/10.1139/cjfr-2018-0217



More than two-thirds of Canada’s western boreal forest is 
covered by aquatic ecosystems, including wetlands, lakes, rivers, 
and streams. Boreal wetlands are diverse, complex, and highly 
interconnected and contain a wealth of ecological, social, and 
economic benefits alongside growing industry operations. 

While important, wetlands are often poorly understood leading 
to difficulties or surprises in managing. For example, some 
boreal wetland types, such as treed organic wetlands, can be 
mistaken for uplands, particularly during dry periods. If a dry 
organic wetland is the site of road construction and the design 
and construction assumes dry, upland conditions, there is a 
high likelihood that during the next wet season or year, the road 
would experience problems ranging from flooding to washouts.  
These problems could likely have been avoided with a better 
baseline understanding of wetlands. Sometimes information 
about wetland presence and functions is not readily available, 
sometimes there is gap in training the pracitioners or decision-
makers. 

Adopting a whole landscape approach to ecosystem-based management starts with understanding all parts of 
the landscape. The first step is to fill knowledge gaps relating to non-managed forests so that this information 
can be incorporated into future Healthy Landscapes Program projects and program activities. 

Section One, Wetlands on the Landscape, summarizes the current state of western boreal forest wetland 
knowledge including wetland values, presence (i.e. classification and inventories), fuctions,  and 
interconnectivity with upland forests. While all boreal wetland types are important and addressed in Section 
One, organic wetlands feature heavily as they are abundant, complex, and highly connected to surrounding 
ecosystems, with a large influence across the western boreal fores. 

WETLANDS ON THE LANDSCAPE

Topics in this section:

1.	 Wetland Values

2.	 Wetland Connectivity

3.	 Wetland Classification

4.	 Wetland Inventories

5.	 Wetland Hydrology

6.	 Wetland Soil Carbon

7.	 Wetlands and Climate Change
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Wetlands in the western boreal forest provide many ecosystem services, ranging from providing habitat 
for plant and animal species, to regulating surface and groundwater storage and flow, to serving as sites 
for recreation. A whole landscape approach to ecosystem-based management requires the recognition of 
the values and services provided by wetlands, even though they may not provide obvious and immediate 
economic benefits. 

Ecosystem services provided by wetlands can be grouped into four categories: 1

FACT SHEET #1
H e a l t h y  L a n d s c a p e s  P r o g r a m

WETLANDS ON THE LANDSCAPE:

Wetland Values

Regulating Services 
Ecological processes 

and functions that help 
maintain the balance and 

stability of ecosystems 
by regulating important 
environmental factors.

Cultural Services
Non-material benefits 

that ecosystems provide 
to humans. These services 
encompass the intangible 

aspects of nature that enrich 
human lives, enhance well-

being, and foster cultural 
identity and traditions.

Supporting Services 
Ecological processes and 

functions that are essential 
for the maintenance 

of ecosystems and the 
production of all other 

ecosystem services. 

Provisioning Services 
Direct benefits that 

humans obtain from 
ecosystems in the form 
of goods and resources 

necessary for survival and 
well-being.

Wetland 
Ecosystem 

Services
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•	 Climate regulation
•	 Water regulation
•	 Water purification 

and treatment
•	 Erosion protection

•	 Influencing rainfall, temperature, and greenhouse gas exchanges.
•	 Maintaining evapotranspiration during dry periods.2,3

•	 Storing more carbon than forests (organic wetlands), but potentially 
emitting methane, especially if disturbed.4,5

•	 Regulating local and regional water flow by storing and moving 
surface and groundwater.

•	 Storing and contributing water during droughts and floods.6

•	 Controlling erosion and mitigating runoff, especially in timber harvest 
areas.7,8,9

Pr
ov

is
io

ni
ng

 
Se

rv
ic

es

•	 Fibre and fuel 
energy

•	 Food
•	 Fresh water
•	 Medicines

•	 Supplying fresh water and replenishing groundwater sources for 
domestic and industrial use.

•	 Providing wild game and food resources.
•	 Providing fuel wood and commercial wood fiber.
•	 Supporting fur-bearer resources for trappers.
•	 Providing habitat for economically important pollinators and medicinal 

plants.1

Cu
ltu

ra
l S

er
vi

ce
s •	 Recreational and 

aesthetic
•	 Spiritual and 

inspirational
•	 Educational
•	 Cultural

•	 Wetlands are important ecosystems for Indigenous Peoples, serving as 
reliable travel corridors, providing areas for hunting, and offering goods 
for food, shelter, and medicine.

•	 Canadians from diverse backgrounds derive spiritual, inspirational, and 
recreational benefits from wetlands, including activities like canoeing, 
hunting, hiking, fishing, trapping, and birdwatching.1

Table 1. Boreal wetland ecosystem services.10
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•	 Biodiversity
•	 Soil formation
•	 Nutrient Cycling

Biodiversity:
•	 Providing habitat for numerous plant and animal species.
•	 Indirectly influencing ecosystem function and resilience.11

•	 Supporting breeding waterfowl, with approximately 26 million 
waterfowl utilizing North America’s boreal wetlands annually.1,12

•	 Providing habitat for unique (e.g., the bog pitcher plant is wetland 
specialist) and at risk (e.g., boreal woodland caribou rely significantly 
on wetland habitat) species.13

Water Quality:
•	 Help maintain water quality through filtration and nutrient cycling.
•	 Pollutants, sediment, or nutrients can compromise wetland water 

quality and impact species composition.
•	 Organic wetland water quality influences surrounding areas, 

with alterations potentially affecting pH levels and nutrient 
distribution.14,15,16,17

Soil Integrity:
•	 Wetland soils, especially saturated and organic soils, are sensitive to 

disturbances and play a crucial role in chemical transformations and 
storage for wetland plants.18

•	 Activities in wetlands can affect soil properties such as bulk density, 
porosity, hydraulic conductivity, and nutrient availability.18

Carbon:
•	 Wetlands are key players in the global carbon cycle due to the large 

amounts of organic carbon they store in vegetation and soils.
•	 Wetland soil carbon stocks are influenced by hydrology, which affects 

carbon sequestration and release.19

•	 Alterations to wetland hydrology, such as flooding, can significantly 
impact methane (CH4) emissions due to changes in anaerobic (wet) 
processes.19

Few provisioning services have a measurable market value that is tracked, making it challenging to assign a 
dollar value to these services. Nonetheless, the estimated monetary value of ecosystem services provided by 
wetlands globally is approximately $47.4 trillion annually.20 However, this figure only includes the economic 
benefits that can be quantified, possibly neglecting benefits that are harder to quantify such as cultural 
heritage and water security. Monetary valuation approaches represent just one aspect of measuring the 
overall benefits that wetlands provide.

Table 1 continued. Boreal wetland ecosystem services.10
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Indigenous Wetland Values

Identifying and defining wetland values has historically focused on western knowledge systems, often with an 
emphasis on economic value. A whole landscape approach needs to bring together western and Indigenous 
wetland values. “Muskeg”, a common term for wetlands in the western boreal forest, is derived from Cree 
and Ojibway languages. Wetlands hold profound cultural significance for Indigenous Peoples, reflecting a 
deep interconnection between land, language, 
and traditional knowledge. Indigenous cultures 
across North America encode their understanding 
of ecosystems and habitats within their languages, 
revealing nuanced ecological insights that often 
differ from Western scientific perspectives.21

In Indigenous worldviews, land is not merely 
defined by an ecologically distinct space or static 
representation on a map, but rather as a place 
inseparable from the people.21,22 These places 
maintain a habitat for living and fostering complex 
social and spiritual relationships.21 Essentially, they 
are described as vibrant societies or a network of 
interconnected relationships.

Wetlands are rich in biodiversity, ranging from sedges and mosses to shrubs and berries.23 The intricate 
relationship between wetlands and Indigenous terms for “wet places” corresponds  to ecological vegetation 
types.21

Wetlands provide essential medicinal plants, plant foods, and animal resources crucial for Indigenous 
livelihoods.23 Shrubby swamps, for instance, may be associated to specific seasonal hunting grounds, such as 
fall and winter moose habitats, while small lakes and ponds supports summer moose habitat.21,23,24

Vegetation, geographic features, and seasons influences travel routes for accessing potential resources.
Viewing these connections between plants and landscape from an ethnoecological perspective grants insight 
into the fundamental relationships of Indigenous peoples to their homelands.23

Recognizing the insights derived from Indigenous knowledge of wetlands not only enhances the cultural 
relationship with the land but also contributes to sustainable land management practices, thereby fostering 
long-term sustainability and resilience.23 Moreover, preserving linguistic diversity and cultural heritage 
enriches understanding of historical and contemporary relationships with the land.21 Valuing Indigenous 
knowledge allows for a deeper appreciation of the interconnectedness of the landscape and promotes holistic 
approaches to wetland stewardship and management.21,23
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The western boreal forest is a hydrological mosaic of lakes, streams, and wetlands interwoven within upland 
forests. Wetlands are an essential part of the boreal forest, covering over 1 million km2, or more than 35% 
of the land base.1  Within the boreal forest are over 200 million acres of freshwater resources, accounting for 
approximately 20% of the world’s freshwater resources stored in lakes, reservoirs, soils, and groundwater.2 

Functioning wetlands benefit upland forests by contributing to forest productivity and resiliency, mitigating 
the effects of upland harvest on water bodies, influencing wildfire behaviour and patterns, and mitigating 
the effects of climate change through carbon storage and sequestration. Sustainable forest management 
can support healthy wetland ecosystems, and healthy wetlands are crucial to sustaining productive upland 
forests. Due to the interconnectedness between wetlands and uplands, knowing how each system influences 
and interacts with the other is essential as industry activities may influence wetland hydrology with potentially 
far-reaching effects on connected wetlands and uplands. Understanding the primary factors influencing 
water movement can provide valuable information for a whole landscape approach to ecosystem-based 
management

Hydrological Connectivity between Wetlands and Uplands

Wetlands in the western boreal forest form highly interconnected systems with the ability to transport 
significant amounts of water across the landscape. Wetland hydrologic connectivity describes how 
wetlands facilitate the movement of surface and groundwater throughout the landscape. Wetlands can be 
hydrologically connected to other wetlands, creating wetland complexes, but can also be connected to 
uplands. Because of this connectivity, wetlands act as important water sources during dry periods, and 
can buffer and slowly move large amounts of water during wet period, mitigating flood events.3 

FACT SHEET #2
H e a l t h y  L a n d s c a p e s  P r o g r a m

WETLANDS ON THE LANDSCAPE:

Wetland Connectivity
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Wetland hydrology influences uplands in three key ways: 

a.	 Discharging water to downstream ecosystems: when the water table is high and the storage 
capacity of the wetland is full, wetlands will generate runoff with surplus water that will flow into 
downstream ecosystems, such as streams, lakes, or other open water wetlands.

b.	 Groundwater recharge: During dry periods (both seasonally and annually) wetlands will transmit 
water to uplands and other connected open water wetlands.

c.	 Water storage: During prolonged dry periods, wetlands will no longer transmit water, and will 
instead store water to maintain wetland processes.4 

Upland forests and open water bodies act as sinks, while vegetated wetlands with little or no standing water 
act as sources that can contribute to increased forest productivity in upland habitats that may otherwise face 
water deficits.3 This relationship can increase upland forest productivity, influencing vegetation cover, growth, 
and yield.3 

Different wetland classes (Factsheet #3) play different roles in water distribution. For example, fens, marshes, 
and shallow open waters can have surface inflow and outflow points which contribute water to wetland 
complexes, influencing water distribution on the landscape.6 Some fens and bogs also move groundwater 
through their soil profile instead of surface inflow and outflow points.6 Therefore, understanding wetland 
classification is critical for understanding the potential hydrologic connectivity of a specific wetland and for 
effective wetland management. 

Wetlands, Disturbance and Wetland Loss

Figure 1. Model showing wetland function of a organic wetland system with respect to water table and peat decomposition 
degree, from Volik et al. (2023).

HYDROLOGICAL HOTSPOTS
Water table fluctuations can vary across a single wetland or wetland 
complex, resulting in different parts of the wetland or complex 
contributing in different ways to landscape hydrological dynamics. 
Central and deeper areas in a wetland are typically less hydrologically 
dynamic than the edges and transition zones. This stability is 
important in maintaining wetland function during dry periods. Areas 
that experience more dynamic water table fluctuations are considered 
hydrological hot spots, as hydrological and biogeochemical processes 
are heightened in these areas.4  Hotspots are typically the wetland's 
edges or transition zones, and are often classified as swamps. Despite 
being important hydrological and biogeochemical hotspots, swamps 
are the least understood of the five wetland classes.7
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Forests regulate adjacent ecosystems’ micro climatic and hydrologic conditions, including light, wind, 
temperature, and moisture conditions.8 Given the landscape mosaic of upland forests and wetlands prevalent 
across the western boreal forest, upland forest disturbance can affect adjacent or nearby wetland ecosystems. 

Wetlands can also play an important role in mitigating the effects of upland forest disturbance. Wetlands 
are resilient ecosystems that have the ability to adapt to both disturbance and climate related stressors.9 For 
example, as documented in the Forest Watershed and Riparian Disturbance Project in west-central Alberta, 
intact wetlands can mitigate the effects of forest harvest on water yield and quality by reducing runoff and 
contributing positively to recovery.10 However, this mitigating role and resiliency may be dependent on 
climatic conditions and wetland abundance. 

Wetland loss can affect wetland upland forest water quantity and quality in several ways:

•	 Reduce overall storage capacity of wetlands at a landscape scale, which can result in greater flow events, 
increased soil erosion, and flooding during wet periods. 

•	 Diminish the ability of wetlands to support upland forests during dry periods. 

•	 Reduce water quality as nutrients, such as nitrogen, phosphorous and dissolved organic carbon, that are 
typically filtered and stored by wetlands are now mobilized into the watershed.2 

A wetland's potential to mitigate the effects of climate change (e.g., flooding, drought, fire) on adjacent upland 
systems is itself dependent on climactic conditions. This includes both short-term climate variation and long-
term climate change (Factsheet #7). During wet or dry periods, there may be a limit to the mitigation potential 
of wetlands. For example, during dry periods, wetlands will only release water to surrounding forests to a 
certain extent to preserve the wetland's functions.4 

The important relationships between wetlands and uplands can be impacted by both climate and land use 
changes. Understanding the connections and the effects of  anthropogenic disturbances (Section Two) and 
natural disturbances (Section Three) on these connections is needed for a whole landscape approach to 
ecosystem based management. Activities that take place in upland forests can impact wetlands and vice versa. 
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Wetlands are diverse, complex, highly interconnected systems. A whole landscape approach to ecosystem-
based management in the western boreal forest requires understanding all parts of the landscape, including 
wetlands. Understanding what type of wetlands are present is the first step to conserving, managing, and 
restoring wetlands and their associated values. There is no single, legally recognized definition of the term 
‘wetland’ that is used consistently across municipal, provincial, and federal jurisdictions in Canada. However, 
the Canadian Wetland Classification System1 definition is widely used and the most applicable when working 
across multiple jurisdictions: 

“... land that is saturated with water long enough to promote wetland or aquatic processes as indicated by 
poorly drained soils, hydrophytic vegetation, and various kinds of biological activity which are adapted to a 
wet environment...” 

Canadian Wetland Classification

The Canadian Wetland Classification System is a standardized system that describes wetland characteristics 
and can be applied across all Canadian jurisdictions. Some provinces and territories have developed their 
own classification systems (e.g. the Alberta Wetland Classification System), but this is not consistent across the 
country. The Canadian Wetland Classification System divides wetlands into two categories: Organic Wetlands 
and Mineral Wetlands. Wetlands can be isolated or form intricate networks that stretch across the landscape. 
These connected systems,  called wetland complexes, are especially prevalent in the western boreal forest.

FACT SHEET #3
H e a l t h y  L a n d s c a p e s  P r o g r a m

WETLANDS ON THE LANDSCAPE:

Wetland Classification

SWAMP MARSH SHALLOW OPEN 
WATER

ORGANIC WETLANDS MINERAL WETLANDS

FEN BOG

Organic wetlands are often referred to as 
peatlands or muskeg. Organic wetlands 
are peat-forming wetlands with peat layers 
greater than 40cm. This includes:

Mineral wetlands are wetlands that are non-peat forming 
and have peat layers less than 40cm, although some swamps 
occasionally have peat deposits greater than 40cm and are 
referred to as peat swamps. This includes:  
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Organic Wetlands
Organic wetlands, often referred to as peatlands, are characterized by the presence of poorly decomposed 
organic soil deposits, called peat, that are typically greater than 40 centimeters in depth. These thick layers of 
organic soils often disguise the large amounts of water stored within the wetlands soils. Stable water tables and 
cooler temperatures in organic wetlands result in slow decomposition and the accumulation of carbon rich 
peat. Due to their thick layers of soils, organic wetlands can host plant communities such as shrubs and trees, 
which to the untrained eye can make them trickier to identify as wetlands. Vegetation in organic wetlands is 
often water-loving or has stunted growth, both of which are indicators of healthy wetland function.

Bogs
•	 Isolated from groundwater and receive water 

through precipitation. 

•	 Minimal water movement, rarely producing 
surface run-off. However, during wet periods 
bogs have the potential to move water and act 
as important water sources to adjacent wetlands 
and uplands. 

•	 Nutrient poor due to their disconnected nature, 
resulting in highly acidic conditions and low, but 
unique, plant diversity.

Fens
•	 Receive water through a combination of 

precipitation, surface runoff, and groundwater 
sources. 

•	 Gradual to moderate water movement, 
characterized by the presence of slow-moving 
or meandering channels. Able to move large 
amounts of water during wet periods and can 
act as important water sources to adjacent 
wetlands and uplands. 

•	 Nutrient rich due to diverse water inputs, less 
acidic than bogs, with high plant diversity.

ORGANIC WETLANDS AND SOIL CARBON:
While only covering 3-5% of the earth’s terrestrial surface, 30% of 
the earth’s soil carbon pool is stored in organic wetlands (peatlands) 
globally.3 In North America, 85% of soil carbon is stored in peatlands, 
primarily in Canada, which contains one-third of the world’s carbon-
rich peatlands.4,5  Peatland soil carbon stocks exceed soil carbon in 
forest soils and agricultural soils combined. In the western boreal 
forest, approximately 60% of wetlands are peatlands, making these 
systems extremely important to conserve, manage, and restore.2
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Organic Wetland Formation

Despite the relatively dry climatic conditions in the western boreal forest, up to 40% of the area 
is wetland, predominantly organic wetlands. Organic wetland formation requires a positive water 
balance and a stable water table to establish Sphagnum mosses and enable peat accumulation, 
triggering one of two peatland formation processes:3

•	 Terrestrialization: The gradual filling of a shallow lake from the surface, with vegetation 
developing from the edges toward the middle.1

•	 Paludification: Wetland vegetation blankets over terrestrial ecosystems and mineral soils, 
typically triggered by waterlogged soils due to natural or anthropogenic disturbance.4

Organic wetlands are sucessional ecosystems, meaning, that they transition from one form to another 
overtime through terrestrialization and paludification processes. As demonstrated in Figure 1, wetlands 
can transition from hydrologically connected, wet and open systems, such as fens, to hydrologically 
disconnected, dry, treed systems such as bogs. 

Figure 1. Comparison of the terrestrialization and paludification processes of peatland formation.

Water from rainfall, runoff, groundwater etc. is 
collected and retained in depressions. Mineral 
soils adjacent to these depressions become 
saturated.

Stages of Organic Wetland Formation

Decaying organic matter begins to accumulate 
near the margins of the open water, and peat 
mosses begin forming in this area of high 
saturation. Less water-tolerant species such as 
white spruce (Picea glauca) begin to die back.

Because of the anoxic conditions in the water, 
organic matter continues to accumulate faster 
than it can decompose. As Sphagnum mosses 
spread, they further retain ground saturation and 
lower the pH, aiding in peat accumulation.

As the moss layer raises above the saturated 
ground layer, ericaceaous shrubs as Labrador tea 
(Rhododendron Groenlandicum) and tamarack 
(Picea glauca) propagate in the hummocks, while 
water-loving plants form in the hollows.

Peat continues to accumulate over time, and may 
eventually form hydrologically disconnected or 
domed bogs. Trees growing in these areas are 
heavily stunted, and almost exclusively black 
spruce (Picea mariana).

TerrestrializationPaludification Paludification

TerrestrializationPaludification Paludification

TerrestrializationPaludification Paludification
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Mineral Wetlands
Mineral wetlands typically have shallow organic soil deposits that are less than 40 centimeters, and underlain 
by mineral sand, silt, and clay. Water table fluctuations, warmer temperatures, or vegetation properties lead to 
higher decomposition rates, allowing vegetation litter to become incorporated into the mineral soil horizon 
or forming a highly decomposed, thin layer of organic soil.1,4  These wetlands support water loving and aquatic 
vegetation, and when trees and shrubs are present, they experience more vigorous growth than in organic 
wetlands due to more dynamic water tables throughout growing season. Mineral wetlands that have surface 
water present year-round differ from ponds and lakes  in that their average depth throughout a growing 
season is 2 meters or less. In the western boreal forest, it is often that you find these systems along the edges 
of lakes and ponds, and even in transition areas between upland forests and organic wetlands. 

Swamp
•	 Receive water through a combination of 

precipitation, surface runoff, and groundwater 
sources. 

•	 Water movement can vary depending on 
swamp type and landscape position. They are 
commonly recognized as shoreline/riparian 
areas of rivers and lakes, experiencing dynamic 
water levels over the season.

•	 Highly diverse wetlands that are sometimes 
referred to as lowland forests, forested wetlands, 
and shrub swamps.

•	 Occasionally, have deeper organic soil deposits 
that are greater than 40 centimeters. 

Marsh
•	 Receive water through a combination of 

precipitation, streams, and groundwater 
sources. 

•	 Water levels in marshes fluctuate seasonally and 
are often transition zones between open water 
and shorelines. 

•	 Dry out periodically, exposing soils to oxygen 
and resulting in a nutrient rich soil substrate.

•	 Supports the germination of water tolerant 
emergent plants (e.g., sedges, grasses, rushes, 
reeds, and cattail).

Shallow Open Water
•	 Receive water through a combination of 

precipitation, streams, and groundwater sources. 

•	 Generally permanently flooded but water levels 
may fluctuate seasonally, resulting in exposed 
mudflats.

•	 Water depth is less than 2 meters with pond-lily or 
submerged aquatic vegetation.
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Resources
Classification Systems:

•	 National Wetlands Working Group 1997

•	 Wetland Classification of the Boreal Plains (Enhanced Wetland Classification)

•	 Alberta Wetland Classification System

Field Guides:

•	 Alberta Wetland Classification Field Guide

•	 Wetlands of British Columbia: A Guide to Identification

•	 Wetland Plants of British Columbia: Field Guide to Indicator Species for Wetland Classification 

•	 Manitoba Prairie Wetland Classification Guide

•	 Field Guide to the Ecosites of Saskatchewan’s provincial forests. Saskatchewan Ministry of Environment, 
Forest Service. Prince Albert, Saskatchewan. 343 pp

Trainings:

•	 Aquality Enviromental Consulting - Alberta Wetlands: From Classification to Policy

•	 Tannas Conservation Services Ltd. Wetland Course

•	 Ducks Unlimited Canada - Wetlands 101: Boreal Wetland Classification and Identification

•	 University of Alberta - Wetland Deliniation, Classification and Assessment

•	 University of British Columbia - Fundamentals of Wetland Delineation and Assessment

https://nawcc.wetlandnetwork.ca/Wetland%20Classification%201997.pdf
https://www.ducks.ca/assets/2014/12/field-guide-low-res.pdf
https://open.alberta.ca/dataset/92fbfbf5-62e1-49c7-aa13-8970a099f97d/resource/1e4372ca-b99c-4990-b4f5-dbac23424e3a/download/2015-alberta-wetland-classification-system-june-01-2015.pdf
https://www.ducks.ca/resources/industry/alberta-wetland-classification-guide/
https://www.crownpub.bc.ca/Product/Details/7610002978_S
https://bcwfwatershedteam.ca/wetland_plants_of_bc/
https://www.ducks.ca/assets/2020/05/Ducks-Unlimited-Canada_Landowners-Guide.pdf
https://www.npss.sk.ca/rsu_docs/documents/field-guide-to-the-ecosites-of-saskatchewan-s-provincial-forests.pdf
https://www.npss.sk.ca/rsu_docs/documents/field-guide-to-the-ecosites-of-saskatchewan-s-provincial-forests.pdf
https://www.wetlandpolicy.ca/alberta-wetlands-from-classification-to-policy
https://www.tannasenvironmental.com/courses/component-1-wetland.html
https://wetlands-101.ducks.ca/
https://ext.ualberta.ca/course/excpe-4280-wetland-delineation-classification-and-assessment
https://lifelonglearning.ubc.ca/search/publicCourseSearchDetails.do;jsessionid=AF24F827FC8A67BACF9117047D31FAD9?method=load&courseId=1600135
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Wetland inventories refer to the systematic processes of identifying, documenting, and categorizing wetlands 
within a geographic area. Wetland inventories support ecosystem-based management by providing 
infomation about where wetlands are (wetland inventory) and what what type of wetlands are present 
(wetland classification). Wetland inventories are an important tool for managing the whole landscape as 
they can inform industry planning and practices, wetland policy implementation, land use planning, species 
monitoring, and research.

Wetland inventories may be conducted at various scales, from local to regional or national levels. Inventories 
and their associated maps are a comprehensive tool, consolidating, assessing, and validating a wide range of 
remote sensing data to create detailed, large-scale representations of boreal landscapes. Wetland inventories 
require an underlying classification system, this can be as simple as wetlands vs. uplands, the five major wetland 
classes found in most Canadian Wetland Classification Systems (Factsheet #3), or more detailed categories 
that align with regional classification systems (e.g., Ducks Unlimited Canada’s Enhanced Wetland Classification 
System, the Alberta Wetland Classification System). Wetland inventories typically involve collecting data on 
the location, size, type, and ecological characteristics of wetlands, as well as their functions and values. 

Various techniques are used to develop a wetland inventory, such as:

There are numerous wetland inventories covering different parts of the western boreal forest, but the 
two described in this factsheet, the Enhanced Wetland Classification Inventory and the Canadian Wetland 
Inventory, cover significant geographic areas and span beyond a single jurisdiction. They are also not wholly 
independent, the Canadian Wetland Iventory is a compilation of inventories that meet a certain standard. 
In boreal Canada, the Enhanced Wetland Classification Inventory is the main component of the Canadian 
Wetland Inventory. 

FACT SHEET #4
H e a l t h y  L a n d s c a p e s  P r o g r a m

WETLANDS ON THE LANDSCAPE:

Wetland Inventories

Remote Sensing: 

Utilizing satellite imagery, aerial 
photography, light detection 
and ranging (LiDAR) to identify 
and delineate wetland areas 
based on spectral characteristics, 
vegetation patterns, and 
hydrological features.

Field Surveys: 

Conducting on-site surveys to 
validate remote sensing outputs 
by collecting data on wetland 
type, vegetation structures, soil 
characteristics, and hydrological 
conditions.

Geographic Information System 
(GIS) Analysis: 

Using GIS software to digitize, 
manage, integrate, analyze, and 
visualize spatial data related to 
wetlands. 
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Enhanced Wetland Classification System Inventory

Ducks Unlimited Canada (DUC) has created detailed and accurate wetland maps for large areas of the western 
boreal forest (Figure 1). To date, nearly 146 million hectares (approximately 25% of the western boreal forest) 
have been mapped; of this, 98 million hectares have been mapped to DUC’s Enhanced Wetland Classification 
(EWC) standards. These standards 
align with the five major wetland 
classes described in Factsheet 
#3 (bog, fen, swamp, marsh, and 
shallow open water). 

The EWC inventory is based on 
multi-source and multi-temporal 
Earth observation datasets (i.e., 
optical, radar and topographic 
information). Reference data 
including helicopter-based 
vegetation surveys and high-
resolution photo-interpretation 
are used to train and test the 
machine learning models. The 
result is a 10 or 30-metre raster 
dataset detailing up to 19 wetland 
classes, conforming with both the 
Alberta and Canadian Wetland.  

Figure 1. Ducks Unlimited Canada Enhanced Wetland Inventory map.

Mapping Canada’s wetlands requires collaborative effort.

DUC has partnered with governments, Indigenous communities, and industries to map approximately 
25% of the western boreal forest. Inventories are funded and completed on a project basis. Inventory 
renewal and detailed data availability is dependent on project funding, partners, and priority areas.  

INFERRED PRODUCTS OF WETLAND MAPPING:
Wetland mapping can be used as a baseline for inferred products 
and further analyses.2 Examples include:

•	 Water flow characteristics, soil moisture content, nutrient 
status;

•	 Biodiversity habitat assessments;

•	 Species modelling (e.g., waterfowl, caribou, bison); 

•	 Wetland subsurface carbon storage modelling; 

•	 Spatial prioritization for conservation planning; and 

•	 Measuring the performance of policies and protocols 
towards landscape sustainability objectives.
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Canadian Wetland Inventory 

The Canadian Wetland Inventory was established in 2002 through collaboration between DUC, Environment 
Canada, the Canadian Space Agency, and the North American Wetlands Conservation Council.1 Its primary 
objective is to provide a national framework for mapping wetlands, fostering consistent interpretations 
through a common data structure and classification system. This classification system aligns with the five 
major wetland classes described in Factsheet #3. 

A key outcome of these efforts was the development of an interactive Canadian Wetland Inventory Progress 
Map, displaying wetlands across Canada. This tool is a valuable resource for assessing prospective wetland 
loss, degradation, and restoration. The interactive map exhibits Canadian Wetland Inventory-compatible 
wetland inventory areas, both in progress and completed, throughout Canada. Compiled with the aim of 
making wetland information easily accessible, it adheres to diverse data use agreements, and catering to a 
broad range of users. 

Currently, the Canadian Wildlife Services of Environment and Climate Change Canada is leading a new 
collaborative effort to compile a comprehensive publicly available Canadian National Wetlands Inventory. 

Figure 2. Ducks Unlimited Canada’s Enhanced Wetland Classification System aligns with the Canadian Wetland Inventory at the five major class 
level.

https://maps.ducks.ca/cwi/
https://maps.ducks.ca/cwi/
https://www.canada.ca/en/environment-climate-change/services/wildlife-habitat/canadian-national-wetland-inventory.html
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1. Ducks Unlimited Canada. (2022, July 22). Canadian Wetland Inventory — Ducks Unlimited Canada. https://www.ducks.ca/initiatives/canadian-wetland-inventory/
2. Ducks Unlimited Canada enhanced Wetland classification and mapping. (2021, May 7). Canadian Conservation and Land Management (CCLM) Knowledge Network. https://www.cclmportal.ca/resource/ducks-
unlimited-canada-enhanced-wetland-classification-and-mapping
3. Ducks Unlimited Canada. (2023, March 9). Boreal Wetland inventory - Ducks Unlimited Canada National Boreal Program. Ducks Unlimited Canada National Boreal Program. https://boreal.ducks.ca/boreal-wetland-
inventory/

Resources:
•	 Canadian Wetland Inventory Data Model

•	 Canadian Wetland Inventory Progress Map

•	 Canadian National Wetlands Inventory

•	 Alberta Biodiversity Monitoring Institute Wetland Inventory

•	 British Columbia Wetland Atlas

•	 Mahdianpari, M., Brisco, B., Granger, J., Mohammadimanesh, F., Salehi, B., Homayouni, S., & Bourgeau-
Chavez, L. (2021). The third generation of pan-canadian wetland map at 10 m resolution using multi-
source earth observation data on cloud computing platform. IEEE Journal of Selected Topics in Applied 
Earth Observations and Remote Sensing, 14. https://doi.org/10.1109/JSTARS.2021.3105645

•	 Merchant, M. A., Warren, R. K., Edwards, R., & Kenyon, J. K. (2019). An object-based assessment of multi-
wavelength SAR, optical imagery and topographical datasets for operational wetland mapping in boreal 
Yukon, Canada. Canadian Journal of Remote Sensing, 45(3-4), 308-332.

•	 Merchant, M., Haas, C., Schroder, J., Warren, R., & Edwards, R. (2020). High-latitude wetland mapping 
using multidate and multisensor Earth observation data: a case study in the Northwest Territories. 
Journal of Applied Remote Sensing, 14(3), 034511-034511. 

https://www.ducks.ca/initiatives/canadian-wetland-inventory/
https://maps.ducks.ca/cwi/
https://www.canada.ca/en/environment-climate-change/services/wildlife-habitat/canadian-national-wetland-inventory.html
https://abmi.ca/home/data-analytics/da-top/da-product-overview/Advanced-Landcover-Prediction-and-Habitat-Assessment--ALPHA--Products/ABMI-Wetland-Inventory.html
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Wetland hydrology refers to the distribution, movement, and management of water in wetlands. It is the 
most critical determinant of a wetland’s structure and role within a watershed. Wetlands are in part defined 
by the presence of water (Factsheet #3) and wetland hydrology influences water quality, connects adjacent 
ecosystems, and transports water between across the landscape (Factsheet #2). Because of these connections, 
understanding wetland hydrology at local and regional scales is crucial for a whole landscape approach to 
ecosystem-based management.

Wetland Ecohydrology

Wetland hydrology has a strong relationship with wetland ecology (i.e. living things and their interactions 
with each other and with their physical surroundings). This relationship is called ecohydrology and can 
determine: 

•	 Vegetation Composition: moisture regimes influence the types of plants that grow in a 
wetland, and how fast they grow.1 Wetland plants can also impact water movement. For example, 
Sphagnum moss can move water vertically though a wetland.

•	 Water Storage: different wetland types have the potential to store different quantities of water 
based on the plant species present.1

•	 Accumulation of Organic Material: organic wetlands accumulate greater amounts of organic 
material compared to mineral wetlands due to their ecohydrological regime.1

•	 Nutrient Cycling and Availability: different wetland types are more nutrient rich than others 
based on water inputs, which can in turn influence plant diversity.1,2 Plants can also influence 
the wetland water quality, for example, Sphagnum moss can acidify water chemistry. 

FACT SHEET #5
H e a l t h y  L a n d s c a p e s  P r o g r a m

WETLANDS ON THE LANDSCAPE:

Wetland Hydrology
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Controls on Wetland Hydrology

The western boreal forest is characterized by a 
sub-humid, relatively dry climate and diverse soil 
properties, creating a favorable environment for 
forest ecosystems that store large amounts of water.  
Wetlands are often associated with low lying areas, 
but in the western boreal forest, wetlands often 
form on relatively flat areas due to deep organic 
soil deposits. This results in a landscape featuring a 
mosaic of wetlands and uplands. 

A water balance is the hydrology accounting system 
and can be used to understand how water  moves 
and is stored in wetlands.  The water balance (Figure 
1) takes into account inputs, including precipitation 
(P), groundwater (Gin), and surface inflow (Sin)) 
and outputs including evapotranspiration (ET), 
groundwater (Gout), and surface outflow (Sout). 

The main drivers of wetland hydrology, funtion and 
formation in the western boreal forest are:

1.	 Climate

The western boreal forest operates at a moisture deficit, where evapotranspiration exceeds precipitation.3 
Seventy percent of precipitation occurs during the growing season (May to September), resulting in significant 
amounts of water lost to evaporation. Most water is accumulated from rain and snowfall in the non-growing 
season (October to May) due to lower evapotranspiration rates from dormant vegetation.3 This moisture 
deficit  creates greater drought potential in the region.4 

The amount of water a wetland stores, receives, and releases varies throughout the growing season (May to 
October). We refer to these temporal patterns of wet and dry periods as a wetland hydroperiod. Monitoring 
wetland hydrology can provide information about: 

•	 Duration of Inundation: How long a wetland remains flooded or saturated with water. Some 
wetlands may have a permanent water presence, while others might experience seasonal flooding 
or periodic inundation.

•	 Frequency of Flooding: Some wetlands might flood annually during the rainy season, while 
others might only flood once every few years during major storm events.

•	 Seasonality: The wetland hydroperiod can be highly seasonal, with distinct wet and dry periods 
throughout the year. The timing and duration of wet and dry phases can influence the types of 
plant and animal species.

•	 Variability: Climate variability, precipitation patterns, water management, and land use change 
can cause year-to-year varibility in a wetland's hydroperiod. 

SGin

P

Sout

Sin

ET

Gout

Figure 1. A wetland water balance can be described using a 
bucket analogy. S, represents the bucket and how much water 
the wetland stores, P, Gin and Sin represent inputs into a wetland, 
and ET, Gout, and Sout represent outputs from a wetland. 
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2.	 Surficial Geology  

The subsurface geology of wetlands influences how soils and sediment have layered (e.g. mineral or organic) 
and defines the potential storage, groundwater flow, and runoff processes.3,5

3.	 Topography and Drainage Networks

Topography has little influence on wetland development in the western boreal forest.3,6 Wetlands tend to form 
in flat, gently undulating, to hummocky areas and are often associated with riverine systems. This topography 
creates drainage network that is not well-defined, trapping water and allowing for the formation of wetland 
complexes. Surficial topography greatly influences groundwater flow and functions as groundwater recharge. 

4.	 Soil Type and Depth

Soil type and moisture regimes determine how much water can be stored within wetlands. Soils with higher 
clay content tend to retain more water compared to sandy soils. Organic wetlands, or peat, have the ability 
to store large amounts of water, resulting in high water tables and the establishment of water tolerant 
vegetation such as Sphagnum moss and black spruce. Soil depth influences wetland hydrology by affecting 
water infiltration and retention. Deeper soils may retain more water and allow water to remains in the wetland 
for a longer period of time.

Water Flow Pathways

How water flows in and out of wetlands depends on wetland type. Water can flow in and out of wetlands, 
particularly in organic wetlands, as surface water, sub-surface water, or groundwater. The movement, quantity, 
and speed of water through organic wetlands depends on:

•	 Porosity: pore space in soil that can be occupied by water or air. For example, increased peat 
porosity results in faster water movement through the peat profile. 

•	 Peat Composition: Peat can be composed of decomposed mosses, sedges, or woody material, 
depending on peatland type. Different types of peat result in different levels of conductivity. 

•	 Decomposition: Less decomposed soils have greater conductivity due to higher porosity (more/ 
bigger gaps between solids), while more decomposed soils have reduced conductivity due to 
lower porosity (fewer/ smaller gaps between solids). 

In the western boreal forest, groundwater flow governs the flow dynamics, as surface runoff is less common 
due to the limited amounts of excess water.3 In organic wetlands, surface runoff occurs as a result of influxes 
of water input into the system (i.e. increased precipitation) and periods of high-water tables.5  Whether there 
is a surplus of water that can move around the landscape is dependent on groundwater storage capacity 
at different times of the year. For instance, if a wetland’s storage is full, a slight rainfall may produce a more 
significant response, resulting in increased runoff. However, a significant rainfall event may not produce a 
large response if a wetland’s storage is low. 

NOT ALL PEAT IS THE SAME:
Not all peat is Sphagnum-dominated. Peat forms due to high water tables, low soil 
temperatures, and slow decomposition of plant materials.7  While Sphagnum moss 
is a dominant moss species found in peatlands, some peatlands can have sedge 
peat, woody peat, or mossy peat. The peat type is dependent on the vegetation 
communities present and can influence a peatland’s hydrologic regime, such as 
the pH and water conductivity. Peat with high Sphagnum content usually has a 
lower pH than woody peat, and woody peat has lower water conductivity than 
mossy peat. 



26

Resources:

•	 Price, J. S., Sutton, O. F., McCarter, C. P. R., Quinton, W. L., Waddington, J. M., Whittington, P. N., … Petrone, 
R. M. (2023). Advances in wetland hydrology: the Canadian contribution over 75 years. Canadian Water 
Resources Journal / Revue Canadienne Des Ressources Hydriques, 48(4), 379–427. https://doi.org/10.108
0/07011784.2023.2269137

•	 Devito, K., Mendoza, C., & Qualizza, C. (2012). Conceptualizing water movement in the Boreal Plains.  
Implications for watershed reconstruction.

•	 Price, J. S., McCarter, C. P. R., & Quinton, W. L. (2023). Groundwater in Peat and Peatlands. In Groundwater in 
Peat and Peatlands. https://doi.org/10.21083/978-1-77470-015-0

•	 Lavoie, M., Paré, D., Fenton, N., Groot, A., & Taylor, K. (2005). Paludification and management of forested 
peatlands in Canada: A literature review. In Environmental Reviews (Vol. 13, Issue 2, pp. 21–50). https://doi.
org/10.1139/a05-006

•	 Mitsch, W. J., & Gosselink, J. G. (2015). Wetlands (5th ed.). Wiley.

•	 Lavoie, M., Paré, D., Fenton, N., Groot, A., & Taylor, K. (2005). Paludification and management of forested 
peatlands in Canada: A literature review. In Environmental Reviews (Vol. 13, Issue 2, pp. 21–50). https://doi.
org/10.1139/a05-006

•	 Mitsch, W. J., & Gosselink, J. G. (2015). Wetlands (5th ed.). Wiley.

1. Mitsch, W. J., & Gosselink, J. G. (2015). Wetlands (5th ed.). Wiley.
2. Devito, K. and C. Mendoza. 2006. Maintenance and dynamics of natural wetlands in western boreal forest: Synthesis of current understanding from the Utikuma Research Study Area. Cumulative 
Environmental Management Association. Alberta, Canada. Pg. 84.
3. Devito, K., Mendoza, C., & Qualizza, C. (2012). Conceptualizing water movement in the Boreal Plains.  Implications for watershed reconstruction.
4. Webster, K. L., Beall, F. D., Creed, I. F., & Kreutzweiser, D. P. (2015). Impacts and prognosis of natural resource development on water and wetlands in Canada’s boreal zone. In Environmental Reviews (Vol. 23, Issue 1, pp. 
78–131). National Research Council of Canada. https://doi.org/10.1139/er-2014-0063
5. Willier, C. (2017). Changes in peatland plant community composition and stand structure due to road induced flooding and desiccation.
6. Anderson, R. L., Foster, D. R., & Motzkin, G. (2003). Integrating lateral expansion into models of peatland development in temperate New England. Journal of Ecology, 91(1), 68–76. https://doi.org/10.1046/j.1365-
2745.2003.00740.x
7. Thompson, D. K., & Waddington, J. M. (2008). Sphagnum under pressure: towards an ecohydrological approach to examining Sphagnum productivity . Ecohydrology, 1(4), 299–308. https://doi.org/10.1002/eco.31



27

Wetlands are vital to the global carbon cycle, 
serving as significant reservoirs of organic 
carbon by extracting it from the atmosphere 
and storing it in their soils and vegetation. 

Organic wetlands are one of the most 
carbon-dense ecosystems globally, covering 
only 3% of the Earth’s surface yet storing 
approximately one-third of the global soil 
carbon stock.1 Canada alone contains 25% of 
global organic wetlands, storing approximately 
150 billion tonnes of land-based carbon.2 
However, carbon storage can be affected 
by natural and anthropogenic disturbances, 
such as wildfires, forest harvest, and linear 
disturbances. As government policy, industry 
certification, and consumer preferences 
increasingly emphasize carbon accounting 
and management, understanding the role of 
wetlands in carbon storage becomes essential 
in a whole landscape approach to ecosystem-
based management. 

What is Carbon?

Carbon, a naturally occurring element, serves as a fundamental constituent of all organic compounds and is 
prevalent in:

Canada’s wetlands store more carbon than upland forests, despite upland forests covering a larger land area.3 
This is because wetlands sequester most of the carbon below ground in their soils, with approximately 98.5% 
of organic wetland carbon stored in soils rather than above ground vegetation. 

FACT SHEET #6
H e a l t h y  L a n d s c a p e s  P r o g r a m

WETLANDS ON THE LANDSCAPE

Wetland Soil Carbon

Dead organic matter: litter and 
debris.

Atmosphere: gaseous 
forms of carbon. 

Soil pools: decomposed plant 
and animal materials.

Living biomass: animals, 
vegetation, including roots.
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Carbon Sequestration

Wetlands extract significant amounts of carbon dioxide from the atmosphere and store it in the soil through 
a process called sequestration. Wetland ecosystems sequester carbon dioxide through photosynthesis, 
transforming it into live plant biomass.4 Carbon is integrated into soil through the incorporation of live 
biomass, including roots and plant litter, while soil fauna, such as fungi and microbes, further enhance soil 
organic carbon through their biological activities.5,6 In organic wetlands, thick layers of dead plants build up 
over thousands of years under wet conditions, forming deep, carbon-rich, organic soil deposits, known as 
peat.  

Carbon Accumulation

Carbon accumulation occurs over thousands of years and is largely influenced by wetland hydrology which 
governs gas diffusion rates, oxygen levels, nutrient dynamics, and vegetation composition.7 In organic 
wetlands, the vast majority (greater than 98%) of the carbon that is sequestered is stored in the organic soil 
as peat.8

Figure 1. Boreal organic wetland (peatland) carbon cycle.9
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Carbon Loss

Despite their role as carbon sinks, organic wetlands are susceptible to emitting significant amounts of carbon 
in response to climate and land use changes.10 With anticipated increases in the frequency, extent, and 
intensity of disturbances in the western boreal forest, organic wetlands ability to act as carbon sinks 
may be constrained, with some wetlands potentially transitioning into carbon sources. 

Carbon can be lost from a wetland through:

•	 Dry Condition Respiration: Under dry conditions, soils become oxygenated and decomposition 
increases resulting in the release of carbon into the atmosphere. When wetlands dry out or are 
drained, they can release massive amounts of carbon dioxide (C02) into the atmosphere. 

•	 Wet Condition Respiration: Under wet conditions, decomposition slows and carbon accumulates, 
but soil microbes still transform soil carbon into methane (CH4), which can be released through 
standing water in wetlands. When wetlands are poorly managed or flooded, massive amounts of 
methane can be released into the atmosphere.

•	 Water Movement: As carbon interacts with the water table, it can be transformed into dissolved 
organic carbon and can be transported out of the system dissolved in surface and ground water. 

•	 Wildfire: Organic wetlands, especially treed wetlands, have the potential for crown fires and for 
below ground fires though smouldering, releasing significant amounts of carbon. Learn more 
about peatland fire in Factsheet #8.

Changes to a wetland’s hydrology, through both natural and anthropogenic disturbances, can significantly 
impact a wetland’s carbon emissions, and therefore, maintaining the natural hydrology of wetlands, can 
minimize carbon losses.11,12 For example, road construction that blocks the natural flow of water can result in 
one side of the road drying out and flooding on the other side of the road. The dry side will experience greater 
decomposition rates, resulting in carbon release, and the flooded side is likely to experience greater amounts 
of methane release. The dry side will also become more susceptible to wildfire ignition and burning, resulting 
in further carbon loss.  A range of anthropogenic activities can result in drying (e.g., drainage for peat harvest) 
or flooding (e.g., hydro dams) and are furthered explored in Factsheet #15.

BOREAL WETLAND SOIL CARBON MAPPING
While estimates of carbon storage are readily available 
for managed forests, comprehensive assessments 
for boreal wetlands are often lacking or incomplete. 
To bridge this gap, Ducks Unlimited Canada (DUC) 
developed a first-generation map of wetland soil 
organic carbon for the boreal plains ecozone. 

This was achieved by aggregating wetland soil organic 
carbon densities across various wetland classes and 
integrating them into DUC’s Enhanced Wetland 
Classification maps.

Figure 2. Soil organic carbon in Boreal Plains wetlands.
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FACT SHEET #7
H e a l t h y  L a n d s c a p e s  P r o g r a m

WETLANDS ON THE LANDSCAPE

Wetlands and Climate Change

Climate change refers to long-term changes in 
average temperatures and weather patterns, typically 
occurring over decades or more.1 This phenomenon is 
distinct from climate variability, which encompasses 
all variations in climate that last longer than individual 
weather events but are shorter than multi-decade 
trends.2 Research consistently shows that the current 
rate of climate warming is significantly accelerated by 
human activities. 

Boreal ecosystems help control weather and climate 
directly through plant transpiration and sunlight 
reflection and indirectly by storing carbon and 
contributing fresh water to oceans. Intact wetlands 
play important roles in climate change mitigation and 
adaptation, from helping to buffer upland forests from 
impacts (e.g., by storing water during dry periods, 
serving as fire breaks) to storing large amounts of subsurface carbon (Factsheet #6).3 However, climate change 
has the potential to alter wetland abundance and distribution across the western boreal, in turn affecting 
wetland functions and values (Factsheet #1). Understanding the cumulative effects of climate change and 
land use change is needed to take a whole landscape approach to ecosystem-based management.  

Effects of Climate Change on Boreal Wetlands 

Impacts to Water Resources 

Many wetlands have variable water tables, which can change seasonally or annually depending on 
precipitation patterns. This variability makes it difficult to measure and predict long-term trends in wetting 
or drying. Overall, the boreal is expected to become drier due to increases in temperature and evaporation, 
which may impact wetland abundance. However, the western boreal is dominated by organic wetlands, which 
when undisturbed, are resistant to water loss through evaporation and may therefore persist even in a drying 
climate.4 Due to their ability to adapt to climate change, managing these wetlands on the landscape is critical. 
For more information on water and wetlands, see Factsheet #3 and Factsheet #4.

Impacts to Forest Transitions

Boreal wetlands are highly interconnected with 
upland forests (Factsheet #2) and climate change 
is expected to impact wetlands, upland forests and 
these connections. Upland western boreal forests 
are expected to face hotter and drier conditions, 
increased pressure from pests and diseases, and more 
frequent wildfires.5 These factors are predicted to 
result in the loss of white spruce in upland forests and 
an expansion of grassland areas in the region.6 This 
transition is expected to occur unevenly driven by 
events that cause the death of mature trees, such as 
fire, drought, heat stress and flooding.7
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Impacts to Wildfire Vulnerability

In the western boreal forest, wetlands play an important role in regulating fire on the landscape. Kuntzemann 
et al. (2023) found that the presence of wetlands significantly decreased the likelihood of adjacent uplands 
burning during wildfire events. This effect was most pronounced with marshes, but having treed organic 
wetlands like fens, swamps, and bogs on a landscape also decreased the likelihood of uplands burning 
compared with landscapes with only uplands. 

The wetter the wetland, the more effectively it acts as a fire break. However, disturbing wetland hydrology 
can lead to drying, making wetlands —especially treed organic wetlands —more vulnerable to burning.9 
Wetlands and wildfire are further explored in Factsheet #13 and Factsheet #14.

Impacts to Permafrost

Climate change is expected to reduce the depth and extent of permafrost globally. As permafrost only occurs 
in the northern portion of the western boreal forest, the northernly receding of permafrost could lead to a 
complete loss of permafrost from the western boreal. Permafrost thaw in organic wetlands has been shown 
to increase the hydrological connectivity of the landscape. This can result in:

•	 Drained water, previously locked away as ice, into rivers and streams;

•	 Wetland drying;

•	 Increased downstream runoff and flooding;

•	 Altered water quality;

•	 Altered habitat conditions;

•	 Increased decomposition; and,

•	 Increased greenhouse gas emissions.10

BOREAL WETLANDS AND THE GLOBAL CARBON 
CYCLE
Boreal organic wetland are one of the worlds largest 
organic carbon stores. In Canada, 150 billion tones of 
carbon is stored in organic wetland soils. These wetlands 
play an important role in climate change because of 
their capacity to remove and sequester greenhouse 
gases, such as methane and carbon dioxide, from the 
atmosphere, and store carbon in their above- and 
below-ground biomass. The role of wetlands in the 
global carbon cycle is explained in Factsheet #6.
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Impacts to Habitat and Biodiversity

Climate change is expected to impact the habitat and biodiversity of boreal wetlands. Rising temperatures 
and increased drought stress may weaken wetland health, making plants and animals more vulnerable to 
pests and diseases and causing biodiversity loss. 

As climate change alters the temperature and moisture conditions of wetlands, their suitability as habitat 
may be affected, leading to shifts in vegetation composition and shrinking or northward movement of animal 
ranges. Species who cannot adapt fast enough could be at risk of extirpation or extinction.

Interacting effects of Climate Change and Anthropogenic Disturbance

Boreal wetlands are highly sensitive to disturbances that affect their hydrology (Factsheet #5), and the impacts 
of climate change may exacerbate these vulnerabilities. There is a lack of studies on the cumulative effects of 
climate change and anthropogenic disturbance on wetlands. However, anticipated climatic changes, such 
as increased temperatures, higher evaporation rates, and altered precipitation patterns, could interact with 
anthropogenic disturbances and potentially amplify the effect of each on wetlands. 

Organic wetlands, for example, may persist in climates that over time become too dry for their natural 
establishment, making them especially susceptible to disturbance and challenging to restore if disturbed.11 
For more information on wetlands and anthropogenic disturbances, refer to Section 3. 

Boreal Wetlands in Climate Adaptation and Mitigation Strategies

Intact wetlands provide numerous ecosystem services that support climate change adaptation and mitigation, 
such as protection from flooding and drought, carbon capture and storage, and wildfire mitigation. Wetland 
conservation, management, and restoration are needed to support wetlands in continuing to provide climate 
adaptation and mitigation benefits to society. 

A whole landscape approach to ecosystem-based management in a changing climate requires understanding 
where wetlands are located today (Factsheet #3) and how their abundance and distribution will change in 
the future.  The Boreal Climate Change Modelling Study (currently underway, 2023 - 2026) is modelling future 
wetland abundance and distribution across Canada’s western boreal forest. This study is engaging diverse 
groups affected by wetlands and climate change to understand how the results can be tailored and applied 
to support climate change adaptation and mitigation efforts.
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Resources

•	 Boreal Wetlands and Climate Change

•	 Boreal Climate Change Modelling Study

•	 Predicting Wetland Change in the Prairies

•	 From Impacts to Adaptation: Canada in a Changing Climate

•	 Northern Peatlands in Canada Story Map
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The factsheets in Section One, Wetlands and the Landscape, provide an introductory overview of the role of 
wetlands in the western boreal forest organized by key topics. Section One covers the current state of knowl-
edge of wetland ecosystems, functions, and importance within the region. This information can support the 
Healthy Landscape Program (HLP) in pursuing a whole landscape approach to ecosystem-based management. 

Over the past decade, boreal wetland research has grown significantly. This is driven by an understanding 
that effective wetland conservation, management, and restoration are needed to manage Canada’s water 
resources, protect biodiversity, adapt to and mitigate the effects of climate change, and maintain other eco-
system services. However, wetlands are complex, the boreal is vast and there remain significant gaps in under-
standing the relationships between wetlands and the whole landscape. Table 1 provides an overview of key 
knowledge gaps organized by factsheet topic. The list focuses on gaps that are relevant to the HLP and that 
could be used to develop detailed research questions in the future. Many of the gaps in Section One may not 
lead to independent HLP projects, but they could form a part of future HLP projects, present opportunities for 
partnerships with other researchers (see who is working in this space), or be topics that the HLP continues to 
monitor and incorporate as new information is developed.  

From this list, priority knowledge gaps for the HLP are included in the Whole Landscape Road Map at the end 
of this report. 

Table 1. Section One topics and their related knowledge gaps. 
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1.1

Understanding of Indigenous Knowledge and values, which includes valuable insights 
into wetland locations and their cultural significance, and knowledge of how to 
incorporate this information in meaningful and respectful ways to inform ecosystem 
based management.

1.2 Monetary valuations of most wetland ecosystem services are lacking, outdated, or for 
limited areas or circumstances.
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ity 2.1
Understanding under what conditions, such as climate change and land-use changes, 
are wetlands expected to become wetter or drier and how changes in wetland hydrology 
affect ecosystems services and interactions with adjacent ecosystems.

2.2
Swamps are an understudied wetland class, despite their role as hydrological hotspots on 
the landscape. Improving understanding  of swamp hydrology and their role in landscape 
connectivity can lead to improved wetland management.

2.3 Enhancing knowledge of hydrologic connections among wetland types and between 
wetlands and uplands in the Boreal Plains and Foothills ecozones.
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n 3.1
Developing or tailoring wetland classification systems to regional conditions. While some 
jurisdictions (e.g., Alberta, Yukon forthcoming) have a wetland classification system 
developed for their region, many provinces and territories do not.

3.2
Developing locally relevant accessible resources (e.g., user-friendly field guides) and 
training to support the uptake and application of classification systems.

WETLANDS ON THE LANDSCAPE: KNOWLEDGE GAPS
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4.1

Wetland inventories have been completed for a portion of Canada and are done on 
a project basis, so there are differences in availability and the type and quality of 
information (e.g., scale, underlying classification system). This can make is challenging to 
utilize the data for projects needing a uniform data source across a large area.

4.2

Capturing the true depth of shallow open water is still challenging using remote 
sensing approaches, meaning that in the western boreal it can be difficult to accurately 
differentiate lakes from shallow open water wetlands. Integrating detailed bathymetry 
information can help, but access to such data is limited.

4.3

Incorporating Indigenous Knowledge into wetland inventories. Satellite-based wetland 
inventories rely heavily on western science and generally do not include Indigenous 
Knowledge, such as information on wetland location and cultural significance. While 
valuable for a whole landscape approach to ecosystem-based management, this 
information is often proprietary to communities.

4.4
Data used to create inventories varies in cost and availability (e.g., LiDAR) and field data 
collection for validating is often limited by cost. This impacts the availability, locations, and 
quality of wetland inventories.
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5.1
Improving understanding of the interactions between precipitation patterns, groundwater 
flow, and surface water dynamics that influence wetland formation and persistence in the 
Western Boreal Forest.

5.2
Wetland hydrology is complex and difficult to understand and evaluate in the field.  
There’s a need for developing user-friendly desktop and field training and tools tailored to 
applied audiences.

5.3 Developing practical approaches for early identification of impacts on hydrologic 
connectivity, as adverse effects may not be immediately evident.

5.4
Assessing how changing climate conditions, including alterations in temperature, 
precipitation, and extreme weather events, will affect wetland formation, stability, and 
species composition.
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6.1 Improving the availability of high-quality sub-surface carbon maps by filling data gaps 
and applying new modelling approaches.

6.2 Enhancing peat depth and carbon measurements across boreal plain and foothills 
ecosystems, including using rapid assessment techniques.

6.3
Understanding the dynamics of wetland wildfires and their impact on carbon storage 
cycles. Investigating the influence of wetland type, fuel availability, hydrologic regime, and 
fire severity on greenhouse gas emissions.

6.4 Assessing the impact of industry activities (e.g., roads, peat harvest, mines, agriculture, 
forest harvest) on wetland sub-surface carbon storage.

6.5 Identifying effective practices for minimizing impacts to wetland sub-surface carbon 
storage as part of forest management activities.

6.6 Understanding the role of swamps in carbon cycling.
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7.1
Predicting wetland distribution and abundance across the western boreal forest under 
climate change scenarios. Ducks Unlimited Canada’s upcoming Boreal Climate Change 
Modelling Study is addressing this knowledge gap.

7.2 Understanding how climate change and land use change interact to influence wetland 
formation, sucessional dynamics, abundance and distribution at multiple scales.	

7.3 Predicting changes in wetland vulnerability to wildfire under future climate scenarios.
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Section Overview

The western boreal forest is a disturbance driven ecosystem, 
with wildfire, insect outbreaks, blow downs, and beaver 
impoundments as the primary natural disturbances influencing 
water resources and wetlands. Of these, wildfire currently has 
the greatest impact on wetlands, surrounding ecosystems, and 
global carbon stores and climate. 

Wetlands, particularly those with deep organic soils, are 
critical in storing and distributing water across the landscape, 
especially in water-limited regions such as the western boreal 
forest. Climate change and land use change (indpendently and 
together) have and will continue to impact wetland hydrological 
regimes. Changes to wetland hydrology have cascading effects 
on wetland functions and values, including changes  to carbon 
storage and sequestration, wildfire regimes, and habitat (see 
Factsheet #3 and Section 3). Due to the level of risk posed by changes in hydrology to to fire risk, and the high 
level of overlap with the Healthy Landscapes Program, wildifre is the focus of most of the factsheets in this 
section (Factsheets 8-11) with beavers addressed in Factsheet #12. 

Organic wetlands have been a focus of western boreal wildfire and natural disturbance research in recent 
years because of their abundance relative to other wetland classes, their ecological and hydrological 
complexity, their higher rate of anthropogenic disturbance (marshes and shallow open waters are prioritized 
for avoidance), and their deep stores of organic soils that when intact are carbon sinks and often fire breaks, 
but when disturbed can become significant carbon sources and high risk for wildfire. The factsheets cover all 
wetland types, but focus on organic wetlands for these reasons. 

Understanding the patterns and processes of natural disturbances in wetlands is needed to take a whole 
landscape approach to ecosystem based management. The Healthy Landscape Program’s approach to date 
has focused understanding and emulating natural distrubance patterns in upland forests. The factsheets in 
this section will help to build understanding in relation to wetlands. 

NATURAL DISTURBANCE

Topics in this section:

8.	 Wetland Fire Behaviour

9.	 Post-Fire Successional Dynamics

10.	 Indigenous Fire Stewardship

11.	 Managing Wetlands for Fire Risk

12.	 Wetlands and Beavers
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Wildfires are the primary landscape disturbance 
in the western boreal forest, but over the past 50 
years Canada’s western boreal has experienced a 
rise in the annual burned area, larger fire sizes, 
increased fire severity, and a prolonged fire 
season.1  These changes are driven by climate 
change, land use changes, and fire supression 
activities over this time frame. The boreal forest is a 
fire adapted ecosystem, that prior to recent decades 
of fire suppression, experienced high levels of fire 
disturbance as a part of forest life cycles. 

Wetlands, particularly organic wetlands, exhibit a 
dual nature in their interaction with wildfires. While 
they can function as effective fire breaks, they 
are also susceptible to sustaining high-intensity 
fires that can contribute to significant fire events.2 After several severe fire seasons in the past decade, 
there is increasing awareness amongst Canadians of wildfire and increasing focus amongst researchers and 
practitioners on how all parts of the landscape contribute to wildfire. Understanding wetland fire behaviour and 
patterns of natural disturbance is critical for a whole landscape approach to ecosystem based management. 

Wetland Fire Behaviour 

While all wetland types can experience wildfire, treed organic wetlands with deep peat soils are particularly 
susceptible to ignition and severe and prologned burning because of the significant amounts of 
subsurface fuels  compared to uplands and the higher likelihood of dry conditions compared to other 
wetland types. Treed organic wetlands have been a focus of much of the wetland-fire research, and there is 
limited information on fire behaviour in other wetland types.  

Fire behaviour in organic wetlands is characterized by below ground burning through smoldering 
combustion. Organic wetlands that are sparsely vegetated tend to not be prone to severe burning (e.g., 
graminoid fens); however, treed organic wetlands can accumulate surface fuel loads similar to upland stands.1 
When surface or crown fire passes through these wetlands, it ignites surface mosses and peat soils, and can 
smolder deep into the soil profile, sometimes sustaining through the winter and reigniting in the next fire 
season, making fires extremely difficult to detect and suppress.1

Wetland fires can be described by their:

•	 Intensity: The rate of heat energy released during a fire, impacting the amount of biomass burned and 
area burned by a fire. 

•	 Severity: How deep and how long a fire burns in the soil profile.3 The deeper a fire burns, the greater 
likeliness of a fire smouldering through the winter and reigniting in the spring, the more carbon loss 
to the atmosphere, and the greater impacts to landscape hydrology, biochemistry and hydrological 
connectivity.1 At the site level fire severity is influenced by:

•	 Moisture Conditions: Drier peat soils are more flammable and susceptible to deeper and longer 
burns than wet peat soils.

FACT SHEET #8
H e a l t h y  L a n d s c a p e s  P r o g r a m

NATURAL DISTURBANCE:

Wetland Fire Behaviour
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•	 Fuel Load:  Above ground fuel loads can impact the flammability of a peatland. Treed wetlands 
are more susceptible than non-treed wetlands to fire.1 Moss species composition can also impact 
the severity of combustion, with different mosses having different water holding capabilities.1

•	 Peat Bulk Density: Higher peat bulk density corresponds to greater burn depth (i.e., more severe 
fires), while lower peat bulk density results in shallower burners (i.e. less severe fires).3

Without interventions, climate change, land use change, and continued fire suppression are expected 
to continue to interact to result in drier wetland systems and increased fire intensity and severity in these 
sysems.1,4 

Wetland Vegetation and Fire Behaviour

In treed wetlands, particularly those dominated by black spruce (Picea 
mariana), above-ground fuel loads can accumulate to levels similar to 
those found in upland forests. Climate-induced wetland drying can further 
intensify crown cover in these environments.1  Black spruce, being a fire-
adapted species, can sustain high-intensity crown fires and spread fire via 
“spotting”, or by throwing embers.1 The fire behaviour in black spruce can 
lead to the spread to other fire-prone ecosystems, resulting in wetlands 
shifting from their historical role as fire breaks to contributing to fire 
spread.1,4

Wetland mosses, particularly the Sphagnum mosses that dominate 
organic wetlands, influence fire behavior. Sphagnum mosses provide high 
water-holding capacities and drought tolerance while reducing water loss 
through evapotranspiration.5,6,7 However, prolonged drying periods can 
diminish these protective mechanisms and result in these mosses acting 
as fire wicks, leading to:

•	 Enhanced soil and organic matter drying,

•	 Increased fuel availability, and 

•	 Increased fire vulnerability.8,9

Canopy closure also affects wildfire behaviour. Greater canopy closure provides shade, favouring feather 
mosses which have poorer water retention than Sphagnum mosses.1 Therefore, feather mosses are more 
flammable than Sphagnum mosses, and the shift from Sphagnum dominated to feather moss dominated 
contributes to increased fuel availability and fire vulnerability.2

More spatially and ecologically diverse wetland complexes are more likely to limit fire spread. For example, 
Markle et al. (2022) found that wetlands with mostly continuous vegetation cover showed higher fire severity 
than wetlands interspersed with shallow open water areas. Wetlands with more tree cover, a larger proportion 
of transition areas, or that become periodically disconnected from groundwater systems (wetlands that have 
drier soils or are more susceptible to periodicly dry soils) tend to be most vulnerable to high burn severity.3,10
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THE FIRE WEATHER INDEX SYSTEM AND WETLANDS
The Canadian Fire Weather Index (FWI) system is a widely utilized 
tool for assessing fire danger across various environments globally. 
Originally developed and calibrated for upland Jack pine (Pinus 
banksiana) forests, the FWI integrates three moisture codes — Fine 
Fuel Moisture (FFMC), Duff Moisture (DMC), and Drought (DC) —
each reflecting the moisture content of different fuels based on 
meteorological data.14

However, wetlands, often perceived as consistently saturated 
throughout much of the year, have been excluded from many 
wildfire models.16 

To help address this gap, Mortelmans et al. (2024) introduced an 
organic wetland-specific adaptation of the FWI system, termed 
FWIpeat. This modified model replaces the original moisture codes 
with hydrological estimates tailored to organic wetlands, aiming to 
enhance the monitoring of fire risk in organic wetlands. Mortelmans 
et al., (2024) found that adapting the FWI with hydrological 
information is beneficial in estimating the presence of organic 
wetland fires. However, the FWI was originally not designed to 
predict fire presence but rather to estimate fire danger.14

Wetland Hydrology and  Fire Behaviour

Moisture content in wetland ecosystems is regulated in part by the moisture retention properties of moss 
and peat, exhibiting variations across different peatland moss species.11  This regulation of moisture content 
is crucial in understanding the vulnerability of these ecosystems to wildfires, as highlighted by hydrological 
feedback processes involving moss growth, peat formation, and evaporation.12,13 These processes, in 
conjunction with factors such as thick wet soils, low evapotranspiration rates, and the water retention 
capabilities of mosses, collectively serve to mitigate wildfire frequency and restrict deep burning under most 
fire weather conditions.13

Hydrological connectivity within organic wetlands, along with water 
table fluctuations, significantly influence fire behavior within and 
between other ecosystems. When water demand from upland forests 
is greater than precipitation inputs, upland forests rely on organic 
wetlands as water sources which exacerbates water table fluctuations 
along the margins of organic wetlands, making them more susceptible 
to hydrologic changes compared to the central areas. This fluctuation 
leads to increased bulk density at the margins, resulting in deeper 
burning during fires.3

Additionally, surficial geology plays a crucial role in determining 
peatland susceptibility to fires by influencing groundwater 
connectivity.3 This connectivity affects the degree of compaction and 
rates of decomposition within the peatland, ultimately shaping its bulk 
density and susceptibility to deep burning. Peatlands characterized by 
greater water table fluctuations and lower groundwater connectivity 
are at heightened risk of experiencing deep burns.
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Fire plays an important role in shaping the ecological 
and environmental dynamics of the western boreal. 
Post-fire successional dynamics in uplands are well 
understood by the Healthy Landscapes Program, 
but there are gaps in understanding these processes 
in other ecosystems. Understanding ecosystem 
recovery across all ecosystem types is critical for 
a whole landscape approach to ecosystem-based 
management. 

This factsheet provides an overview of wetland 
successional dynamics following wildfire. However, like 
uplands, changes in wetland fire behaviour (Factsheet 
Fire Behaviour) including increased fire frequency, 
intensity, and severity can adversely impact the re-
establishment of pre-fire conditions.1,2 This means 
that our understanding of successional dynamics based on historic fire regimes may not reflect recovery from 
current and future wildfires. Understanding the impacts of wetland fires is a growing, but relatively new field. 

Wetlands and Wildfire Refugia

Wildfire rarely results in a uniform and all-encompassing burn across the 
landscape. Instead, it often leaves patches of unburned vegetation. When 
areas repeatedly escape fire, they may be referred to as refugia. Refugias are 
typically influenced by topography, with flat areas facilitating fire spread. 
In the western boreal where there is little topographical relief, wetlands 
are critical wildfire refugia, with their high soil moisture content and 
ecology.3  This does not mean that wetlands do not burn, but rather have a 
lower probability of burning, and typically do not burn as severly as uplands. 
Wetlands that act as refugia help shape post-fire ecosystem processes by: 

•	 Acting as gene banks for regenerating burn areas where seeds, 
rhizomes and other plant reproductive elements are preserved, 
limiting changes to species composition post fire, 

•	 Acting as fire breaks by preventing spread to adjacent 
ecosystems, and

•	 Promoting areas of refugia, for vegetation and wildlife (such as 
boreal caribou) in both wetlands and in upland forest adjacent 
to hydrologically connected peatlands, such as fens.3

The spatial variations in burn severity serve as key indicators for post-fire regeneration and species 
composition.2,4 Microtopography emerges as a critical factor in this context, particularly with Sphagnum-
dominated dry hummock communities serving as noteworthy indicators. These hummocks, retaining higher 
levels of moisture and tend to experience less severe burns.1,4 However, when wetlands are dry (e.g., drought 
or disconnected from ground water by anthropogenic disturbance) they may no longer act as refugia, but 
rather as wicks.

FACT SHEET #9
H e a l t h y  L a n d s c a p e s  P r o g r a mNATURAL DISTURBANCE: 

Wetland Post-Fire 
Successional Dynamics
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Post- Fire Wetland Vegetation

Most wetland succession research has focused on treed organic wetlands, with a gap in the literature related 
to other wetland types. In studied organic wetlands, low-intensity and severity fires and result in a post-fire 
nutrient flush that can stimulate vegetation growth and enhance peat accumulation, with rapid recovery 
of species such as Sphagnum mosses.1 When this occurs, peat accumulation stabilizes quickly and net peat 
accumulation is not impacted.1

Factors that influence wetland recovery include:2

•	 Pre-fire site conditions: Vegetation composition, seed bank, presence of disturbance (i.e. 
harvesting or wetland draining), and soil moisture conditions.

•	 Severity of the burn: How deep the burn penetrates into the peat profile.

•	 Time since last fire: The amount of time that has passed since the last time the peatland burned.

•	 Climate variability: Climate trends and long-term fire weather such as prolongued wet periods or 
drought.

Impacts of Climate Change on Fire and Wetland Succession 

Increased temperatures due to climate change are expected to often result in warmer and drier wetland 
conditions. Consequences of these trends that then effect wetland wildfire and post-wildfire succession 
include:

1.	 Shifts in vegetation composition towards a more terrestrial landscape, characterized by:

•	 Increasing tree and shrub biomass, particularly evident in shrub-dominated wetlands.2 

•	 In organic wetlands, moss composition shifting from Sphagnum-dominated to feather moss-
dominated. Feather mosses have less capacity for water retention and are more susceptible to 
drying.2

Black spruce, a prevalent tree 
species in boreal wetlands, 
increases in stem density until 80-
90 years after the fire event.5,6  

Following a fire event, some species of 
Sphagnum mosses begin to develop 
after 3-4 years, but continue diversifying 
for another 80 years or longer.2

After 100-125 years following a fire 
event, peatland recovery beings 
to reach a steady state with less 
vegetation variability.2

150 Years100 Years50 YearsFire
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WATER REPELLENCY IN WETLANDS POST-FIRE
After a wildfire, the hydrology of burned wetlands undergoes significant changes that result in decreased 
surface evaporation. This reduction in surface evaporation can be due to the development of a water-repellent 
layer either on the wetland’s surface or in the near-surface soil layers 
after the fire.10 These dynamics have been studied in organic wetlands 
with deep peat soils, but are likely to occur in other wetland types. 

High soil temperatures can cause organic substances to bond to soil 
particles, resulting in water repellency in previously hydrophilic soils.10 
This bonding process creates water-repellent layers within the soil, 
causing water droplets to bead on the surface instead of infiltrating 
the soil profile. Additionally, the water-repellent layer acts as a physical 
barrier to the capillary rise of water from the water table to the wetland’s 
surface, reducing moisture lost through evaporation.10

The extent of this effect depends on fire severity and vegetation 
species, with more water repellency observed in feather mosses than in 
Sphagnum.11 The increased water repellency following a fire can enhance 
wetland resilience by reducing evaporation, which contributes to a 
higher water table and helps protect wetland soils from decomposition.

2.	 More severe burns resulting in deeper smouldering potential, longer-lasting fires, and greater carbon 
release.

When dry to due to climate or land use changes, organic wetlands with deep peat soils are particularly 
susceptible to severe burns. This is because there is abundant sub-surface fuel available to burn (dry 
peat) and fire can penetrate protective moss layers crucial for regulating surface moisture and water 
storage.2,7 Severe fires in organic wetlands can overwinter (smoulder below the ground surface), release 
large amounts of carbon, and burn deep into the peat profile.4,8 Severe fires in peatlands also reprodize 
these wetland’s refugia potential, such as completely eliminate most or all of a wetland’s gene bank.

3.	 Increased fire frequency under future climate scenarios creates uncertainy in upland and wetland 
ecosystem recovery trajectories.2

Historic fire return intervals for treed boreal wetlands are estimated to be 100 to 120 years or longer.2,9 
However, historic return intervals may not be indicative of current or future intervals as the 
frequency and severity of wildfires have increased and are predicted to continue increasing.1,2 This 
increase in fire return is expected to 2:

•	 Reduce viable seed load, the number of seedlings, conifer density 

•	 Change soil characteristics

•	 Change the vegetation communities of wetlands and surrounding forests

•	 Release substantial amounts of carbon dioxide into the atmosphere

•	 Increase permafrost thaw

•	 Potentially release legacy metals into air and water systems
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Indigenous fire stewardship is the use of cultural 
burning practices by Indigenous Peoples to mange 
the landscape for multiple values. Cultural burning 
has been used since time immemorial to enhance 
biodiversity, reduce wildfire risk, maintain 
cultural connections to the land, and manage 
the natural resources vital for sustaining diverse 
aspects of Indigenous life.1 Through cultural 
burning practices, Indigenous communities shaped 
fire regimes, adapted to climate variations, and 
managed local environmental conditions.1

Deep rooted in traditional knowledge and historical culture, Indigenous fire stewardship offers unique 
insights from centuries of observation and adaptation. Wildfire is one of the most complex land management 
challenges in Canada and bringing together Indigenous and western knowledge can strengthen efforts to 
use fire stewardship to manage the whole landscape for multiple values.  

A History of Fire Stewardship

Indigenous Peoples have a rich history of coexisting with fire-prone ecosystems, ingrained in their traditions 
and cultures through their deep understanding of fire-dependent species and ecological processes.2 The 
intergenerational teachings of Indigenous fire stewardship encompass a comprehensive understanding of 
fire regimes, the consequences of fire, and the cultural significance of controlled burns.1 This holistic approach 
integrates diverse elements such as climatic cycles, ignition sources, fire behavior, landscape topography, and 
vegetation, providing a nuanced comprehension of fire threats, impacts, and benefits.1,3

Indigenous fire knowledge uses proactive methods, 
incorporating intentional burning to reduce fuel 
loading, thereby mitigating the intensity and severity 
of fires across the landscape.2  Through the practice of 
frequent, low-intensity fires, Indigenous communities 
actively promote fire-adapted vegetation, fostering 
increased biodiversity and creating a heterogeneous 
landscape.1,4

Fire-adapted plants, understory species, and early seral 
vegetation often hold cultural significance as keystone 
species, providing valuable resources such as wildlife 
habitat, food, materials, and medicine for Indigenous 
communities.1 

Indigenous fire applications differ from natural ignitions 
in frequency and seasonal timings and align with plant 
and fungus phenology and the timing of animal breeding 
and migration cycles.2 This intentional approach to fire 
management demonstrates a connection between 
Indigenous knowledge and the ecological well-being of 
their environments.

FACT SHEET #10
H e a l t h y  L a n d s c a p e s  P r o g r a m

NATURAL DISTURBANCE:

Indigenous Fire Stewardship

Figure 1. A seasonal calendar illustrating aspects of 
Indigenous fire stewardship.5
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Fire Stewardship Supports Biodiversity

A history of fire suppression and restrictions on 
Indigenous rights to practice cultural burning, has 
led to a notable decline in understory biodiversity.5,6 

Changes to the wildfire regime and fuel loading are 
recognized as a significant threat to biodiversity on a 
global scale.7

Low-severity fires play an important role in enhancing 
biodiversity by creating diverse habitats across different 
seral stages. Low-severity fires leave behind fire refugia 
or unburnt patches, promoting the germination of fire-
adapted species’ seeds and providing essential habitat 
features like fallen logs or snags for wildlife. Wetlands 
can play an important role supporting species during 
low-severity fires, with intact wetlands providing 
wildfire refugia where species can shelter during fire. 

Low severity wildfire can support biodiversity in 
the boreal forest. By promoting regular, low-severity 
fires through cultural burning practices, Indigenous 
Peoples are able to promote and support biodiversity 
on their lands.

A CASE STUDY WITH HISTORICAL CONTEXT
In a study of a dry mixed-conifer forest in Knife Creek, British Columbia, historic ignitions were caused by a 
combination of lightning and Indigenous fire stewardship.8 These fires were typically low-severity surface fires 
with burn intervals under 50 years and occasional high-severity fires every 250 years.9 This region now faces 
an increased threat of more frequent and severe fires due to climate change and fire suppression.10,11

Evidence from tree ring studies paired with oral histories and documented community records, indicate a 
shift away from Indigenous fire stewardship towards fire suppression. This can be attributed to the arrival of 
European colonization in the 1860s, which severely restricted Indigenous fire stewardship.12,13 The suppression 
of fire was enforced through:

•	 Bush Fire Act (1874): Enforced fines or imprisonment if an individual purposely set fire and 
damaged private or crown land.10 

•	 Forest Act (1912): Financially supported and maintained a fire prevention management strategy.10,12

Due to colonization and western perspectives of fire as destructive to timber supply and dangerous 
to communities, Indigenous fire stewardship practices were severely limited.1 Today, many Indigenous 
communities face high risks of destructive wildfires.14 A potential solution lies in cross-cultural fire stewardship 
that integrates western science and Indigenous knowledge, offering protection to communities and fostering 
social acceptability of controlled fire in the wildland-urban interface.15

Figure 2. Conceptual illustration of the relationship between 
the severity of wildfires, biodiversity, heterogeneity, and 
Indigenous fire stewardship.16
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Fire Stewardship and Ecosystem-Based Management

Indigenous fire stewardship supports wetland stewardship by enhancing biodiversity, managing natural 
resources, and mitigating the risk of high-severity fires. After a fire, a nutrient flush can stimulate vegetation 
growth and enhance peat accumulation in organic wetlands, further highlighting the interconnectedness 
between Indigenous fire stewardship and wetland health and resilience. 

Indigenous fire stewardship can support multiple natural resource management objectives. Cultural burning 
can promote drought-tolerant, fire-adapted species and remove fire-intolerant species or diseased trees, as 
well as remove woody vegetation, shift vegetation communities, and alter hydrologic regimes in wetlands.2 
These changes can enhance biodiversity and culturally important species, maintain below-ground carbon 
stores (by reducing likelihood of severe wildfires), and reduce overall wildfire risk.2

Barriers to Indigenous Fire Stewardship

1.	 Perceptions, authority, and jurisdiction: There is insufficient understanding by wildfire agencies, 
decision-makers, and the public about the relationship between Indigenous Peoples and fire.

2.	 Governance, laws, and management: Colonial impacts pose barriers to engaging in and 
leading cultural burning. Historically under colonial rule and persisting today in government land 
management regulations, Indigenous communities have been restricted from practicing cultural 
burning.

3.	 Access, accreditation, and training: Wildfire science and management courses do not adequately 
address cultural burning and there are knowledge gaps amongst western science practitioners 
and government decision-makers.

4.	 Liabilities and insurance: Insufficient financial support and requirements for extensive insurance 
hinders all forms of fire stewardship, but Indigenous fire stewardship faces additional barriers.   

5.	 Capacity and resources: Limited funding for Indigenous fire stewardship and loss of knowledge 
within many communities due to historic and ongoing restrictions on use of cultural burning 
practices.5 
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In the western boreal, wetlands form significant parts 
of the wildland-urban interface and wildland-industry 
interface and are often older than their historic natural 
range of variation, but are rarely targeted for proactive 
wildfire risk management.1 This is primarily due to 
widely held assumptions that all wetlands are wildfire 
refugia, a focus on avoiding wetland disturbance 
(and potential regulatory barriers associated with any 
disturbance), a lack of knowledge of the mitigation 
techniques that could be effective and appropriate in 
wetlands, and a lack of clarity with respect to who is 
responsible for managing wetland fire risk on crown 
land. 

There is a growing understanding that some wetland types, primarily forested organic wetlands, are 
susceptible to high-intensity burns, characterized by severe smoldering combustion and substantial 
carbon losses. As awareness of the potential risks grows, so does the need for techniques that effectively 
manage fuel loads to reduce wildfire risk and severity in wetlands (Factsheets #8).1

This factsheet provides an overview of the current state of knowledge of managing wetlands for fire risk. These 
approaches should be considered alongside Indigenous fire stewardship (Facsheet #10). The purpose of this 
factsheet is to increase awareness of the need for fuel management in some wetlands, the types of techniques 
being explored, and how these techniques may differ from uplands. For example, fuel management in uplands 
has focused on managing above ground fuel, but that is insufficient in organic wetlands where sub-surface 
fuel is the primary risk factor.2 This information is important to consider when taking a whole landscape 
approach to ecosystem based management.

Need for Wetland Fuel Management

Managing fuel loads in wetlands can help reduce the amount of above ground fuel available and restore the 
hydrological and vegetation conditions that make wetlands more resistant and resilient to fire (Factsheet 
#8). 

Driven by historic fire suppression, climate change, and land use change,  there are more older and drier 
wetlands than historic patterns suggest. These conditions have increased the risk of fire ignition, severity, 
intensity, and season length.1 This in turn increases potential effects to other ecological values, severe 
wetland fires can:

•	 Release significant amounts of carbon into the atmosphere from below-ground carbon stores;

•	 Transition a burned wetland to a different wetland type, or an upland ecosystem, altering 
wetland functions such as water resources, habitat, or presence of culturally important species;

•	 Propogate fire to adjacent areas contributing to significant fire events and putting at 
communities, infrastructure, and resources (e.g., timber) at risk and over-winter fire in peat soils; 
and, 

•	 Potentially release legacy metals into the air and water systems.1

FACT SHEET #11
H e a l t h y  L a n d s c a p e s  P r o g r a m

NATURAL DISTURBANCE:

Managing Wetlands for Fire Risk
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Fuel Management Treatments in Wetlands

Wildfire in wetlands is managed using a combination of fuel management treatments (passive suppression) 
and extinguishing fire once detected (active suppression). Wetland management in wetlands must adress 
both above-ground and below-ground fuel sources. Table 1 provides an overview of passive suppression 
techniques that are being trialed in wetlands. Current research focuses on treed organic wetlands because 
these wetland types pose the greatest fire risk on the landscape to due the large amount of subsurface fuels 
(peat) available to burn when dry and their sensitivity to climate and land use change. 

Treatment Type Description Considerations

Prescribed 
Burns

Deliberately setting 
fires under controlled 
conditions to reduce 
excessive fuel loading 
on the landscape. 

Appropriateness and success as a management tool 
depends on the size of the area, season, and hazard 
conditions. Because of these factors, perscribed burning 
is not appropriate in many circumstances, but can be 
extremely effective when it is. Incorporating Indigenous 
Knowledge and cultural burning practices can enhance the 
effectiveness, increase biodiversity, and promote ecological 
resilience (Factsheet #10). 

Thinning

Selectively removes 
vegetation to 
decrease fuel loads 
and reduce fire 
intensity and rate of 
spread.2

While shown to be effective in upland forests, evidence 
shows that thinning does not reduce the rate of spread or 
fire intensity in treed organic wetlands. Reducing the canopy 
cover in wetlands results in drier surface fuels due to greater 
wind and sun exposure.2 Thinning did show to reduce the 
intensity of burn, and reduced canopy do suggest that 
thinning practices may support active suppression.2  

Mulching

Mechanically 
shredding surface 
fuels and trees, 
reducing crown bulk 
density and ladder 
fuels.1,3 

Mulching can maintain peat moisture content and reduce 
evaporation from the moss surface, further aiding fire 
prevention and control.1,4,5 Mulching also required thinning 
above-ground biomass, but unlike thinning alone, the mulch 
results in beneficial outcomes such as Sphagnum moss 
establishment due to increased sun availability and increased 
soil moisture content.6

Compression

Mechanically 
compressing moss 
and peat layers 
to maintain soil 
moisture.6 

Manual compression of peat soils from machinery has shown 
increased moisture retention capabilities, and the vertical 
transport of water to the ground surface has been shown to 
reduce the depth of burn and potential for smouldering.3,8,9 By 
compressing the soil, the peat bulk density increases, which 
could result in increased carbon loss if soils were to burn in 
future unknown conditions. 

Table 1. Wetland fuel management techniques and considerations in application. 
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Challenges for Implementing Fuel Management Techniques in Wetlands

Implementing effective fuel management techniques in wetlands is challenging due to their distinctecology 
and need for specialized approaches for fire management. Socio-economic, political, and economic factors 
can compound these challenges (Table 2).

PELICAN MOUNTAIN RESEARCH SITE
The Pelican Mountain Research Site near Slave Lake, Alberta is 
a partnership between Alberta Wildfire and FPInnovations to 
evaluate the effects of various fuel management techniques. 
The research site is predominantly bog and fen ecosystems 
with black spruce cover and the partnership is supported 
by multiple wetland research affiliations. Wetland focused 
projects such as WILDPHIRE utilize the site to test novel 
wetland fuel treatments.

Table 2. Challenges associated with implementing peatland fuel management techniques. 

Ecological

Wetlands pose unique challenges for implementing fuel management techniques 
due to their complex hydrology and deep organic soils (organic wetlands). Their 
unique ecology means that upland fuel management techniques may not be 
directly applicable and research is needed to develop techniques tailored to 
wetlands. As well, techniques that are effective in one wetland type (e.g., treed 
fen) may not be effective in another wetland type (e.g., treed swamp).  

Socioeconomic

Determining who is responsible for funding and leading fuel management in 
wetlands is a significant obstacle. Divergent stakeholder interests, economic 
constraints, and varying community engagement levels contribute to the 
complexity of decision-making and implementation processes.

Economic

Developing and executing fuel management techniques requires substantial 
financial and time investment and there is no immediate offset to the cost (e.g., 
fuel management in uplands may provide some merchantable timber). The 
remote locations of many wetlands in the western boreal also presents financial 
and logistical barriers for implementing fuel management practices.

Political
Policy and regulatory frameworks governing wetlands restrict disturbances  
and permission for fuel management may require additional steps.  Techniques 
perceived as risky, such as prescribed burning, face additional regulatory barriers.

Risk

Similar to uplands, wetlands most in need of fuel management may also be too 
risky for some fuel management techniques such as prescribed burning as there 
can be a heightened potential for fire escape and rapid spread under high-hazard 
conditions.7 

https://experience.arcgis.com/experience/0a40b6b0169a4f568905b16e0f487282/page/History/
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https://www.mcmasterecohydrology.ca/wildfire.html
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Beavers (Castor spp.) are keystone species and ecosystem engineers with significant impacts on wetlands, 
altering the ecosystem’s function through tree cutting and dam construction.1 Beavers play a transformative 
role in wetlands and wetland complexes, resulting in the creation of wetland habitats. Beavers can transform 
upland deciduous forests into wetlands in just a matter 
of years.2  Beaver activities have wide-ranging effects, 
influencing organic wetland formation, hydrological 
dynamics, and wildfire resiliency at a landscape scale. 
Beavers possess the remarkable capacity to 
construct, destroy, modify, and restore wetlands 
through damming streams.2

While beaver activity can be beneficial for returning 
wetlands to the landscape and reducing fire risk, it can 
also cause challenges such as plugging culverts and 
affecting road performance or flooding merchantable 
forests. Understanding how beavers can naturally alter 
the landscape and how they can be used or directed 
to shape the landscape is important for ecosystem 
based management in the western boreal forest. 

Beaver Activity: Creating Wetland Habitats

A common misconception is that open water is a prerequisite for beaver colonization.1 Beavers can create 
ponds in organic wetlands by damming ground water and subsurface flows using disturbed vegetation.1 This 
practice transforms landscapes by replacing deciduous stands and shrubs with herbaceous plants, essentially 
reversing succession.1 The harvested vegetation is used to build dams, dens, and food caches.1

Beaver ponds are temporary and follow a cycle of creation, abandonment, and eventual washout.1 Once the 
food supply is depleted in an area, beavers will migrate and abandon their dams. The longevity of their impact 
differs between stream and organic wetland systems:

•	 In streams, the lack of maintenance to the dam often results in the dam washing away.

•	 In organic wetlands, the lasting impact of these dams is expected to be more significant because 
they cannot be easily washed away by surface flows.1 

Beavers are a natural disturbance with many benefits for ecosystem function; however, they can also cause 
significant challenges for land managers. Some of the wetland values created in beaver influenced landscapes 
may come at the expense of other values, with problems typically associated with tree cutting or flooding. For 
example, beavers routinely plug culverts leading to road performance and safety concerns, cause flooding of 
agricultural fields or merchantable timber stands, and can even interfere with septic systems.

FACT SHEET #12
H e a l t h y  L a n d s c a p e s  P r o g r a m

NATURAL DISTURBANCE:

Wetlands and Beavers
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BEAVER ACTIVITY AND CARBON
Beaver activity can significantly impact wetland carbon 
dynamics. Higher water tables created by beaver 
dams can alter vegetation composition, affecting 
the wetland’s ability to sequester carbon. High water 
tables support increased carbon storage as they foster 
the thriving of peat-forming vegetation. 

However, current climate predictions suggest a decline 
in water tables, resulting in drier conditions, which 
heightens the risk of ignition for this vegetation under 
dry circumstances.1 Abandonment of dams may also 
result in a drop in water table, potentially drying out 
the wetland and increasing the risk of fire. 

Beaver Activity and Wetland Hydrology

Beaver dams exert a significant influence on wetland hydrology with the primary impact of a heightened 
water table, resulting in:

•	 Increased area and water storage,

•	 Expansion of the wetland’s boundary, and

•	 Alteration of connectivity and flow. 1,3

Wetlands with beaver activity have more open water than those without any beaver activity.4 This is due to 
the diffusion of water flow by the dam, which causes greater water accumulation in the wetland. Changes in 
hydrologic connectivity can lead to the integration of wetlands with nearby streams. This transformation, can 
also divert water elsewhere on the landscape, enhancing 
subsurface hydrologic connectivity, regionally channeling 
water, and serving as a point for groundwater recharge.1 
Beaver dams enhance the complexity of wetlands, 
fostering groundwater and surface water connectivity 
between smaller and larger wetlands in the landscape.3

Beavers actively manage the water table to align with 
the crest of their dam, contributing to greater water 
table stability than anticipated in hydrologically dynamic 
wetlands like fens.1 Consequently, fens affected by beaver 
activity maintain saturation throughout the growing season, 
deviating from the typical wetting and drying cycles. 

Beaver effects on hydrology can be both positive and 
negative depending on the circumstances and the values 
that are considered. Flooding can have negative effects 
on areas where flooding is not desirable such as crops, 
residential areas, infrastructure, and harvest blocks. 
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Beaver Activity and Vegetation

The presence of higher water tables due to beaver activity can lead to a shift in the vegetation community, 
which can have long-lasting impacts on wetland functions including hydrology and carbon storage and 
sequestration. The increase in water tables, contributes to increases in soil moisture and nutrient availability, 
notably nitrogen and phosphorus essential for plant growth.2,5

Beaver dams may also modify stream sediment dynamics, reducing flow speeds and leading to sediment 
accumulation behind dams and on pond beds.2 Sediment accumulation can facilitate the emergence of new 
riparian landforms.2,6,7 Over time, plant communities are replaced based on their ability to tolerate varying 
hydric conditions.2,8,9

Beaver ponding has two main effects on vegetation:

1.	 A shift to terrestrial vegetation that is unique to beaver-influenced wetlands: Because 
vegetation in wetlands is highly sensitive to water fluctuations, shifts in vegetation are unique to 
each system. Vegetation that does not thrive in wet soils will die off.1

2.	 A shift from terrestrial to aquatic vegetation: Mosses, shrubs, and other terrestrial plants die off 
and aquatic plants start to dominate.1

Beavers’ foraging behavior primarily focuses on the leaves and bark of deciduous trees and shrubs, often 
leaving much of the woody biomass they cut unconsumed. This practice serves important roles in forest 
health and diversity and the tree cutting can also stimulate vigorous sprouting and early growth in affected 
plants, ultimately influencing the ecosystem structure and dynamics.2

Beaver influenced changes to vegetation are not always desirable. Beavers can remove trees and other 
desired vegetation, particularly impacting rural and urban natural habitats where trees may be limited. As 
well, beaver influenced flooding can cause unwanted shifts in vegetation when crops or merchantable timber 
are affected. Taking a whole landscape approach to ecosystem based management requires considering the 
positive effects on some ecosystem values alongside the negative effects on others. In recent years, there has 
been an increasing understanding of the value that beaver bring to the boreal landscape.   

BEAVER ACTIVITY AND WILDFIRE RESILIENCE 
Beaver dams are renowned for their ability to promote 
groundwater recharge and sustain green vegetation 
during droughts. Additionally, areas with beaver 
activity exhibit enhanced ecological resilience, but 
also provide fire-resistant riparian corridors.10 When 
fires burn through an area, these beaver-influenced 
areas remain verdant, offering temporary refuge to 
the diverse wildlife that inhabits them.10 Beavers could 
be an effective tool to explore as part of ecosystem 
based management and there is a growing body of 
research looking into their role in wildfire and carbon 
management.

Credit: Charles Erdman/Trout Unlimited
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Resources:
•	 Working with Beavers

•	 Beaver Beneficial Managements Practices Interactive Decision Tree

•	 How Beavers Build Fire Resistant Landscapes

•	 Karran (2018). The Engineering of Peatland Form and Function by Beaver. University of Saskatchewan, 
Saskatoon, Canada. 

•	 Fairfax, E., & Whittle, A. (2021). Smokey the Beaver: Beaver‐Dammed Riparian Corridors Stay Green During 
Wildfire Throughout the Western USA. The Bulletin of the Ecological Society of America, 102(1). https://doi.
org/10.1002/bes2.1795

•	 Westbrook, C. J. (2020). Beaver as agents of plant disturbance. In Plant Disturbance Ecology: The Process 
and the Response. https://doi.org/10.1016/B978-0-12-818813-2.00014-9

https://www.workingwithbeavers.ca/
https://www.workingwithbeavers.ca/coexist_bmp.php
https://www.youtube.com/watch?v=5ruB1M6Q2Dc
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The factsheets in Section Two provide an overview of the primary natural disturbances that affect wetlands 
in the western boreal forest. Natural disturbances play a crucial role in defining landscape dynamics and 
ecosystem functions. While the Healthy Landscapes Program (HLP) has developed a strong understanding of 
how natural disturbances influence upland forests, understanding how these disturbances shape wetlands is 
equally important for applying a whole landscape approach to ecosystem-based management.  

Recent research has increasingly recognized the complexity of natural disturbances in the western boreal 
forest, including the role of fire, insect outbreaks, windthrow, and beavers. These disturbances can signifi-
cantly alter wetland characteristics, influencing hydrology, vegetation, and ecosystem services. Despite 
progress, gaps remain in our understanding of how these disturbances interact with wetlands and affect the 
broader landscape. Section Two focuses on the top two natural disturbances in wetlands – fire and bea-
vers and Table 1 provides an overview of key knowledge gaps organized by factsheet topic. The list focuses 
on gaps that are relevant to the HLP and that could be used to develop detailed research questions in the 
future. Many of the gaps in Section Two are directly relevant to themes that the HLP is exploring in upland 
forests. While wetland-specific projects are possible, incorporating wetlands into wildfire research questions 
and projects that the HLP is exploring in uplands    

From this list, priority knowledge gaps for the HLP are included in the Whole Landscape Road Map at the 
end of this report.  

Table 2. Section Two topics and their related knowledge gaps. 

W
et

la
nd

 Fi
re

 B
eh

av
io

ur
 

8.1 Improving understanding of how wetland age, vegetation composition, and hydrology 
contribute to wetland wildfire behaviour. 

8.2 Incorporating information from knowledge gap 9.1 into wildfire models to improve the 
applicability of predictions to wetlands.  

8.3
Understanding the impacts of human activities (e.g., roads, well pads, seismic lines, etc.), 
climate change (see knowledge gaps under Section One), and the combined effects of 
both on wildfire risk, fire severity, and smoldering potential in wetlands. 

8.4 Exploring the conditions under which wetlands can serve as effective fire breaks against 
wildfires. 

8.5
Estimating greenhouse gas emissions resulting from various types and severities of 
wetland wildfires, including how factors such as peat presence and depth, burn severity, 
above-ground vegetation, etc., in contribute to total fire emissions. 

8.6

Developing strategies for monitoring wetland ecological variables and anthropogenic 
effects across large areas so that this information is available to address knowledge gaps 
9.1 – 9.4. Ecological data is often lacking in wetlands compared to more actively managed 
ecosystems (e.g., upland forests). In most jurisdictions, information about cumulative 
human footprint (for uplands and wetlands) is lacking or out of date. 

NATURAL DISTURBANCE: KNOWLEDGE GAPS
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  9.1 Improving understanding of historic fire return intervals in wetlands across the western 

boreal forest. 

9.2 Predicting changes in fire return intervals in wetlands based on historic return intervals 
and considering predicted climate and land use changes.  

9.3
Understanding how wetland fire severity and intensity is changing (and predicting 
future changes), and exploring the impacts of altered fire severity on-site recovery and 
successional dynamics within wetland ecosystems. 

9.4 Understanding post-fire mechanisms that retain moisture in peat and the breakdown of 
soil water-repellency. 

9.5
Understanding the role of historic fire suppression in wetlands (and resulting increase 
of ‘old’ wetlands on the landscape) on fire return intervals, fire severity, and post-fire 
successional dynamics. 
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p 10.1
Testing approaches to bring together and apply Indigenous fire stewardship and western 
wildfire science. 

10.2

Indigenous fire stewardship is guided by traditional knowledge that may be proprietary 
to a community or predominantly documented through oral history. Approaches for 
documenting and safeguarding knowledge in ways that respect community preferences 
are needed.  

10.3
Understanding cultural burning practices that have been historically applied in wetlands 
specifically. While this information likely exists within communities, it is not documented 
in western science literature.  
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12.1
Developing approaches to prioritize wetlands for fuel management based on predicted 
fire likelihood, severity, and consequences. This would rely on first filling knowledge gaps 
under the Fire Behaviour section.  

12.2 Testing the effectiveness of prescribed burning (through western approaches and/ or 
Indigenous fire stewardship) for managing wetland wildfire risk. 

12.3
Understanding the effects of prescribed burning (through western approaches and/ or 
Indigenous fire stewardship) on other wetland values (e.g., carbon storage, biodiversity, 
food and medicine species, water quality, etc.). 

12.4
Improving understanding of the effectiveness, practicality, and cost of mechanical 
approaches to managing wildfire risk. Test current techniques (e.g., mulching, thinning) 
and explore new techniques to manage wetland fuel load.   

12.5
Exploring the policy, legal, and organizational landscape and changes needed to trial 
and/or implement these approaches at a larger scale (e.g., who is responsible? Who has 
the skills? Who pays?).

12.6
Exploring how existing wildfire risk management programs (e.g., Firesmart) address 
wetlands and whether guidance needs to be adapted to effectively manage wildfire risk 
in wetlands.

12.7 Exploring whether elements of wildfire management programs (e.g., Firesmart) could be 
applied across larger areas outside of the urban-wildland interface.
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Be

av
er

s 13.1
Understanding factors influencing beaver colonization and the effects of beaver 
colonization in the western boreal forest. Most research on organic wetlands has been in 
montane regions.

13.2 Understanding the impacts of beaver dam abandonment in organic wetlands.

13.3 Developing approaches to incorporate beavers into land management decisions and 
practices, including as a tool to manage fire risk.
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Wetlands in Canada’s western boreal forest are important 
ecosystems characterized by unique hydrology, biodiversity, 
and ecological functions. Industry expansion across the boreal 
has led to increased pressure on all ecosystems, including 
wetlands. While forest management and oil, and gas are the 
prominent industries operating in the boreal, other sectors, 
such as other energy, mining, utilities, and peat harvesting, also 
have growing footprints that often intersect with wetlands. 

Applications of ecosystem-based management through the 
Healthy Landscapes Program have focused on the use of forest 
management as a tool for emulating natural disturbance. 
Anthropogenic activities, as currently conducted in Canada’s 
western boreal, typically do not emulate the natural disturbances 
that affect wetlands. 

Anthropogenic activities can result in permanent wetland loss (e.g., oil sands mine),  temporary wetland loss 
with the expectation of restoring the wetland when the activity is complete (e.g., resource road), or wetland 
degradation (e.g., hydrologic impacts of a road that blocks water flow). These effects can be especially 
pronounced in organic wetlands because they may  have less stringent requirements compared to shallow 
open water or marsh wetlands, they may be harder to identify and therefore less likely to be avoided or 
appropriately accommodated compared to shallow open water or marsh wetlands, and their deep organic 
soils and complex hydrology can be challenging to work in and to restore. 

Establishing a baseline understanding of the effects of anthropogenic activities on wetlands is needed so that 
the full suite of potential effects (across industries and across the landscape) to wetland values and functions 
can be considered as part of ecosystem-based management. 

ANTHROPOGENIC DISTURBANCE

Topics in this section:

13.	 Wetland Resource Roads

14.	 Forest Harvest

15.	 Cummulative Effects
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Due to industry activities and public pressure, there has been a growing need to construct new roads to access 
remote areas. Across the boreal forest, there is approximately 600,000 km of linear disturbances, with roads 
and seismic exploration accounting for an estimated 80% of linear disturbances.1  Road construction 
typically avoids open-water wetlands (marshes and shallow open waters), but complete avoidance of all 
wetland types can be difficult and impractical in areas with high wetland abundance. 

Compared to uplands, road construction through wetlands presents construction and management 
challenges due to the presence and flow of surface and subsurface water, saturated soils, and deep peat 
deposits in organic wetlands. Peat, the organic soil found in organic wetlands, can contain approximately 
90-98% water, making it an unsuitable foundation for roads and potentially leading to challenges with road 
integrity, safety, and environmental performance. 2,3 Wetland road design and construction practices have 
improved over time, but may be variably applied across industries, companies, and geographies. Roads can 
affect wetlands directly (e.g., loss of habitat) or indirectly (e.g., downstream or long-term effects of blocked 
surface or subsurface flow), as shown below. Though, road builing practices, the use of bridges, and culvert 
standards, design and layout can mitigate some of the impacts of roads on wetlands. Understanding how 
roads contribute to the cumulative disturbance footprint in wetlands, and practices that can be employed to 
mitigate these disturbances is needed to practice ecosystem based management. This factsheet specifically 
focuses on the impacts of roads to wetland fuctions, with resources on road and wetland best management 
practices listed in the Resources section at the end of the factsheet. 

Effects of Roads on Wetlands

Building roads through wetlands can cause challenges for road construction timing and costs, road 
performance (e.g., flooding, rutting, icing) and maintenance (e.g., maintaining or fixing culverts, and road 
safety. In return, roads can also affect wetland function and hydrology in various ways:

1.	 Roads can alter wetland soils, and therfore their hydrological function.

•	 Roads built though wetlands can result in soil compaction, reducing the soil pore space (by 
increasing the bulk density) needed for water transmission, often leading to redirection or blockage 
of subsurface flows.1,4

•	 By disturbing wetland soils for road construction, water movement (e.g., rainfall or run-off) or wind 
over disturbed, exposed and often dry soil, can reslt in erosion. Erosion can affect soil quality, 
structure, stability, and texture, making it more difficult for plants to establish due to the loss of 
nutrients and organic matter, and for the soil to retain moisture due to low surface permeability 
and textural changes affecting water-holding capacity.5

FACT SHEET #13
H e a l t h y  L a n d s c a p e s  P r o g r a m

ANTHROPOGENIC DISTURBANCE:

Resource Roads

Flooding and Drying Shifts in Vegetation 
Communities

Freeze Down Challenges Rutting Damaged Culverts 
(Sunken, bent)

Figure 1. Examples of effects of road construction in organic wetlands.  
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•	 Erosion results in the transport of sediment into nearby wetlands, lakes, and streams, or, 
sedimentation.6 This results in impacts to water clarity and filling in of wetland habitats initiating 
changes in vegetation communities, and losses to aquatic invertebrate biodiversity.

2.	 Roads can affect quantity, timing and direction of overland and subsurface water flow.

•	 Road surfaces generate overland flow as they are impermeable to water, resulting in reduced 
infiltration rates and increased surface water flow.4,6 

•	 Soils with coarse substrates, such as sand, experience greater rates of subsurface water 
transmission compared to easily compactable, organic soils such as those found in peatlands.7 

Roads built in peatlands can result in redirection or blockage of subsurface flows.3,4

3.	 Roads can affect vegetation communities. 

•	 When roads block surface or subsurfance flow, flooding on the upstream side of the crossing reduces 
available soil oxygen resulting in vegetation die off and a shift to water-tolerant vegetation. Drying 
on the downstream side leads to deeper root growth and increased canopy cover, resulting in 
vigorous vegetation growth and shifts in understory vegetation communities (see image below).7,8,9

•	 Changes in vegetation communities can reflect changes in wetland types and affect habitat use by 
species, wildfire susceptibility, traditional uses and other wetland values described in Factsheet #1.

The impacts of roads often outlast the lifespan of the road itself. 
When roads are decommissioned and restored, their effects may persist on the landscape, making it difficult 
to restore a wetland back to its original form and function. Older roads often have greater impacts on wetland 
flow than new roads, they have not been build to the same standards. New wetland restoration techniques 
can improve restoration outcomes, but may not reverse long-term changes in wetland ecosystems.6 

Figure 2. Example of tree mortality and vigorous vegetation growth due to subsurface flow blockage from road construction in a boreal treed fen. 

WINTER ROADS
Winter roads are widely recommended to mitigate the impact 
of wetland road crossings on wetland soil and hydrology.10  

However, research suggests that changes in tree canopy cover 
and soil compression by heavy equipment may alter local thermal, 
hydrological, and ecological conditions. Roads constructed in 
winter conditions can have higher bulk density, shallower water 
tables, higher graminoid cover, and have been observed to thaw 
earlier than the adjacent, undisturbed wetland. 
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Resources:
•	 Boreal Wetlands Conservation Codes of Practice - Manitoba

•	 Alberta Watercourse Crossing Collaborative Guide

•	 Resource Roads and Wetlands: A Guide for Planning, Construction, and Maintenance

•	 Forest Road Wetland Crossings Operational Guide

•	 Bocking, E., Cooper, D. J. & Price, J. (2017). Using tree ring analysis to determine impacts of a road on a 
boreal peatland. Forest Ecology and Management, 24-30, 404.

•	 Millier, C. A., Benscoter, B. W. & Turetsky, M. R.  (2015). The effect of long-term drying associated with 
experimental drainage and road construction on vegetation composition and productivity in boreal fens. 
Wetlands Ecology and Management, 845-854, 23(5).

•	 Sarawati, S., Petrone, R., McDermid, G. J., Xu, B. & Strack, M. (2020). Hydrological effects of resource-access 
road crossings on boreal forested peatlands. Journal of Hydrology, 584.

https://www.manitoba.ca/nrnd/forest/pubs/forestry_peatlands/boreal_codes_practice.pdf
https://www.awccc.ca/
https://boreal.ducks.ca/publications/resource-roads-and-wetlands-a-guide-for-planning-construction-and-maintenance/
https://www.ducks.ca/resources/industry/operational-guide-for-forest-road-wetland-crossings/
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Forests play a crucial role in regulating microclimatic 
conditions in interconnected ecosystems, influencing 
factors such as light, wind, temperature, and moisture.1 
Forests also regulate hydrologic conditions such as 
hydroperiod, water budget, and water storage potential. 
In the western boreal forest, characterized by a mosaic 
of upland forests and wetland ecosystems, activities 
that occur in forests, such as forest harvest, may 
affect adjacent or nearby wetlands.

Forest harvest may affect wetland extent, hydrology, 
soils, and nutrient cycling. The type and magnitude of 
effects depend on the harvest methods, season, wetland 
classification, and environmental conditions. While 
wetlands may be considered part of the non-productive 
land base in forest management planning and operations, theyare highly interconnected with upland forests 
(Factsheet #2) and these interconnections need to be considered as part of a whole landscape approach to 
ecosystem based management. 

Good planning combined with an understanding of wetland classification and inventory (Factsheet #2 and 
Factsheet #3), wetland hydrology (Factsheet #4), and wetland values (Factsheet #1), can minimize potential 
impacts to wetlands.  

Effect of Forest Harvest on Wetland Extent

Merchantable timber harvesting in forested wetlands 
is not common in the western boreal forest.1,2 Treed 
wetlands are typically avoided during harvesting 
because they are often perceived as unproductive 
with unmerchantable harvest volume. 

However, treed wetlands may be crossed to access 
harvest sites or used for landings. Some incidental 
harvest may occur when merchantable margins are 
harvested, due to the difficulty of identifying treed 
wetland classes from treed uplands. Treed wetlands 
such as conifer swamps and treed organic wetlands 
can be mistaken for upland forests, especially during 
dry periods. 

In instances where wetlands are harvested, the 
regeneration process may shift towards an upland 
forest community, leading to the loss of wetland area.3 
These shifts can lead to a loss of wetland functions 
and values (Factsheet #1). 

FACT SHEET #14
H e a l t h y  L a n d s c a p e s  P r o g r a m

ANTHROPOGENIC DISTURBANCE:

Forest Harvest

Figure 1. A buffered wetland witin a harvest block.
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Effects of Forest Harvest on Wetland Water Quality and Quantity 

The main hydrologic processes that can be affected by forest harvest activities are:

•	 Seasonal pattern of flooding duration, frequency, and water depth (hydroperiod);

•	 Changes in water volume from precipitation, streamflow, or groundwater (water budget); and,

•	 Capacity of the wetland to store water (storage potential).4

Harvesting may directly alter hydrology by reducing canopy interception and evapotranspiration, leading to 
increased surface flow increased groundwater recharge and decreased soil moisture potential.5 

“Watering up,” or a rise in the water table, is a consistent finding in western boreal wetlands adjacent to 
harvest sites, immediately post-harvest .6,7,8 Following harvesting, peatlands typically experience an increase 
in water table height, ranging from 4 to 30 cm.5,6 This rise in the water table is linked to reduced interception 
and evapotranspiration due to tree removal, but can also be attributed to flow path disturbances from access 
road construction.8,9 Depending on topography, soil, and surficial geology, these alterations to the water table 
can lead to:

•	 Increased surface runoff: water flows over the ground surface from excess precipitation.

•	 Increased groundwater recharge: water moves downward from surface water to groundwater.

•	 Reduced forest productivity: high water tables and flooding can result in paludification, the 
process by which upland forest is converted to peatland.6,8

The above effects are typically seen, but are dependent on local conditions. Some studies have found contrary 
effects on the water table in wetlands following the harvest of adjacent forests:

•	 Thompson et al. (2018) found limited water table increases from aspen harvesting near peatlands. 
However, it should be noted that the adjacent peatland was characterized as having glacial substrate 
under the cut blocks, resulting in low hydraulic conductivity, deep-water tables, and low connectivity 
between adjacent uplands and hillslopes which may have masked the potential water table increase. 

•	 Plach et al. (2016) discovered a decline in soil moisture from clear-cut harvesting immediately 
adjacent to a peatland. Canopy cover loss resulted in increased rates of wind causing increased 
evapotranspiration and reduced soil moisture. 

Harvesting not only alters the hydrology of the harvested area but also has the potential to effect connected 
wetlands and uplands, though this is dependent on storage capacity and underlying geology. Some paired-
catchment studies reveal a direct relationship between harvesting and increased streamflow in downstram 
systems, while others indicate that harvesting has little to no effect on downstream systems in areas with 
large storage capacity and deep glacial deposits.9

Figure 1. A harvest blog next to a treed wetland. 
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Effects of Forest Harvest on Wetland Soils
Forest management activities in or adjacent to wetlands can potentially result in erosion and sedimentation 
(Factsheet #13), the introduction of deleterious materials via mechanical leaks (e.g., fuels, hydraulic fluids), 
and vegetation management inputs (i.e., herbicides), which can significantly affect wetland water quality and 
soil health. 

Activities that expose soils, including construction of access roads, site preparation, and bared areas (e.g., 
landings), may increase erosion risk, with soil being transported into wetlands’ surface water if mitigation 
strategies are not implemented. If sedimentation occurs, it can: 

•	 Alter plant community structure by reducing seedling establishment or suffocate growth;

•	 Affect aquatic invertebrates, fish and amphibians by burying bottom dwelling organisms and eggs;

•	 Lower community biomass, diversity, and richness; and,

•	 Increase turbidity levels from suspended sediment can reduce light penetration, reduce plant 
growth and reduce visibility for fish.10,11

Effects of Forest Harvest on Wetland Nutrient Cycling
Disturbing wetland soild during harvesting can create hydrologically mobile sources of dissolved organic 
carbon (DOC).6 Since wetlands are often hydrologically connected to lakes, this can lead to an increase in 
surface water DOC concentrations in boreal lakes post-harvest.6 Changes in DOC can modify the relative 
abundance of different organisms in wetland environments and create food-web imbalances. 

Similar nutrient flushing effects are observed for phosphorus and nitrogen, influencing peat oxidation during 
summer water table drawdowns and weed establishment in disturbed areas of peatlands.2,7

TEMPORAL IMPACT OF FOREST HARVEST
Recovery from disturbances, such as forest harvest, is influenced by regional conditions, pre-harvest forest 
composition, and the harvested tree species. In  wetlands adjacent to harvest sites, a consistent finding is 
watering up, characterized by a rise in the water table, with post-harvest oragnic wetlands typically showing 
increases in water table height ranging from 4 to 30 cm.5,6

•	 In studies conducted in the eastern boreal region in a coniferous stand, it was observed that five to ten 
years after harvesting, water tables in adjacent peatlands had still not recovered.8,11

•	 Conversely, another study in the boreal plains located in an aspen stand, found that the water table 
returned to pre-harvest levels two years post-harvest.5 Aspen has a higher regeneration rate than 
coniferous species resulting in greater water uptake demands in the years immediately following harvest.8 
The greater water demands counteract the watering-up impacts that wetlands experience post-harvest, 
allowing expedited recovery. 

While these two studies differ by ecoregion and, therefore, have different controls on wetland development 
and function, they both indicate that recovery was triggered upon the initiation of canopy regeneration and 
subsequent crown closure.5,13

Drying peat can become hydrophobic, meaning that until it reaches a certain soil moisture content again, 
it will repel water and infiltration, leading to runoff and erosion.12 Therefore, the effects of harvest cannot 
be assumed in the boreal plains as there are a variety of factors that impact how they might respond to 
adjacent harvest.

In the western Boreal, a small shift in evapotranspiration can have significant effects on hydrology.1
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Resources:

•	 Forestry and Waterfowl: Assessing and Mitigating Risk Practitioner Guide

•	 Guiding Principles for Wetland Stewardship and Forest Management Practitioner Guide

•	 Wetland Best Management Practices for Forest Management Planning and Operations Practitioner Guide

•	 Resource Roads and Wetlands: A Guide for Planning, Construction, and Maintenance

•	 Forest Road Wetland Crossings Operational Guide

https://boreal.ducks.ca/wp-content/uploads/2020/03/forestry-and-waterfowl-assessing-and-mitigating-risk-practitioner-guide.pdf
https://boreal.ducks.ca/publications/guiding-principles-for-wetland-stewardship-and-forest-management-practitioner-guide/
https://boreal.ducks.ca/publications/wetland-best-management-practices-for-forest-management-planning-and-operations-practitioner-guide/
https://www.ducks.ca/resources/industry/resource-roads-wetlands-guide/
https://www.ducks.ca/resources/industry/operational-guide-for-forest-road-wetland-crossings/
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Industrial expansion in the western boreal forest has led to a 
growing footprint from oil and gas, mining, peat harvesting, 
hydroelectricity, and other sectors. The footprints of these 
industries intersect with wetlands in a variety of ways with 
potential for temporary or permanent effects to wetlands. 
This includes effects to adjacent wetlands (e.g., forest harvest, 
Factsheet #14), potential temporary wetland loss or disturbance 
(e.g., resource road, seismic line),  permanent wetland loss (e.g., 
hydroelectricity facility, mine site), other changes in wetland 
structure and function. 

While wetland avoidance occurs for many activities (e.g., 
routing roads, delineating harvest blocks), it is not feasible or 
prioritized for all. For example, peat harvest necessarily occurs 
in organic wetlands, seismic lines will cross all ecosystems in 
their path, and valuable minerals can be overlain by wetlands.

With expected growth in many of these industries in the western boreal, considering their cumulative effects 
on wetlands and other ecosystems is necessary to effectively practice ecosystem-based management. This 
factsheet provides an overview of the effects of oil and gas infrastructure, hydroelectricity, mining, and peat 
harvesting on wetlands in the western boreal. 

Oil and Gas Infrastructure

Oil and gas facilities, including mines and well sites, directly impact an estimated 338,000 hectares of land.3 

There is an estimated  600,000 km of linear disturbances.1,2 Of these, 353,000 km are composed of seismic 
lines and pipelines, the remainder being access roads.1,2.3

Linear infrastructure and the extraction of oil and gas affect water resources and wetlands throughout all 
developmental stages. Each extraction method, 
whether it’s from conventional oil fields, oil sands, or 
hydraulic fracturing, requires extensive infrastructure, 
that has varying degrees of environmental impact, 
depending on the specific requirements and 
techniques used.4 These extraction activities pose 
contamination risks such as at well sites, excavation 
sites, tailing ponds, pipelines, and groundwater.4,5,6,7

J

Seismic Lines

Seismic lines are linear, anthropogenically-modified 
corridors that use explosive charges to locate 
underground reservoirs of oil and natural gas by 
analyzing sub-surface sound wave reflections.9,10,11 
These lines are the most common linear disturbances 
associated with the energy sector, covering 
approximately 4,022 km² in the western boreal 
forest.10,11,12

FACT SHEET #15
H e a l t h y  L a n d s c a p e s  P r o g r a m

ANTHROPOGENIC DISTURBANCE:

Cumulative Effects

Figure 1. Map of human footprints across Canada, showing a concentra-
tion of boreal human impacts being in the western boreal forest.8 
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Seismic line construction techniques have shifted from wider exploration practices (up to 10 meters wide) 
to narrower methods (1.75 to 3 meters wide) in recent decades.10 Technological advancements, regulatory 
incentives, and environmental awareness have driven the adoption of low-impact seismic (LIS) lines as 
narrow as 1.5 meters and specialized management practices like winter operations.10 However, seismic 
lines typically do not prioritize wetland avoidance and even with efforts to reduce the overall disturbance 
footprint, seismic lines effect wetlands in a number of ways, including:

•	 Vegetation community composition

•	 Nutrient cycling, such as increased nutrient availability and increased decomposition

•	 Soil compaction

•	 Surface and subsurface water flow

•	 Species composition and predator-prey dynamics

•	 Greenhouse gas emissions, such as increased carbon losses.13

Wetlands, particularly treed organic wetlands, are some of the least likely ecosystems to regenerate naturally 
following the initial disturbance. Significant effort has gone into testing and applying new restoration 
techniques (e.g., mounding to re-establish local microtopography using mechanical site preparation 13) to 
improve restoration outcomes in wetlands. Even with new techniques, wetlands continue to be challenging 
and costly ecosystems to restore. 

Pipelines

Pipelines, including construction, operation/ presence, and leaks or ruptures, can effect wetland hydrophysical 
properties and hydrologic regimes.14,15 While marshes and shallow open water wetlands are typically 
avoided in pipeline routing, organic wetlands and swamps are often crossed. Beyond the immediate 
ecological impacts, pipeline construction introduces operational risks. When wetlands with subsurface water 
movement (e.g., fens) have been aligned perpendicular to the wetland’s flow, there are examples of increased 
fluctuations in the rise and fall of the water table.14 

Without regular maintenance or monitoring, pipelines may corrode due to factors such as high water 
content, low pH, and the presence of microbial communities in wetland soils, particularly in organic 
wetlands like bogs and fens. Due to the low shear strength and high compressibility of peat soils, there is 
potential for pipeline instability and movement. Peat soils may also exhibit negative buoyancy, placing upward 
pressure on buried pipes, resulting in pipeline stress and risks to pipeline integrity. Furthermore, increased 
movement is expected in soils with higher moisture content, and frost heave and permafrost melt can result 
in soil movement, thus exerting pressure on the pipeline. Lastly, pipeline leaks and ruptures can significantly 
impact wetland environments, including waterfowl habitat, water quality, and soil health. As wetlands are 
highly connected, spilled material can be transported, exacerbating the environmental implications.  
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Well Pads

Well pads are used to extract bitumen from deposits situated 
more than 75 meters below the surface.16 Typically, these well 
pads occupy an area of less than 4 hectares.16 However, well 
pads require supporting infrastructure, including access 
roads, pipelines, and storage facilities.16

The average operational lifespan of a well pad is approximately 
20 years.16 Nevertheless, the impact on vegetation species 
may persist for up to 50 years following the initial 
disturbance.17 Well pad construction starts with removing 
woody vegetation (trees and shrubs), then the remaining 
ground vegetation is covered with geotextile, and a mineral 
fill composed of clay, gravel, sand, and loam—ranging from 
1.5 to 4 meters thick—is layered on top.16 These construction 
methods may lead to ground surface compaction beneath 
the well pad, resulting in alterations to the peatlands’ 
chemistry, hydrology, and soil properties.16 Re-establishing 
wetlands, particularly organic wetlands, as part of well pad 
decommissioning  and restoration is challenging due to soil 
compaction, changes in hydrologic regime, and the presence  
of mineral fill (which may not be economical to remove). 

Electric Power Development

The electric power development sector consists of various 
industries that contribute to electricity generation, transmission, 
and distribution. This sector includes industries that are involved 
in producing electricity from sources, such as hydroelectric power, 
fossil fuels, nuclear power, and renewable sources like solar, wind, 
and geothermal energy. 

In 2019, 60% of Canada’s energy cam from hydroelectric 
sources, and the remaining was generated from a combination of 
natural gas, nuclear, wind, coal, biomass, solar, and petroleum.18

Hydroelectric Production

Canada holds the fourth position globally in hydroelectricity 
production.18 The environmental impacts of hydroelectric power 
generation, including effects on wetlands, vary depending on the 
method employed.4,19 The three main methods of hydroelectric 
generation utilized in Canada are:

•	 Conventional hydroelectric power: the most common 
type of power generation in the boreal zone, it involves constructing dams to impound water for 
electricity generation.4

•	 Thermal power generation: Relies on fossil fuels or uranium heat energy to power steam turbines.4

•	 Run-of-the-river installations: Utilize minimal water retention within reservoirs, relying on the 
natural flow of rivers.4

Figure 2. Electricity generation by source in 
Canada.3 
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Although these hydroelectric production methods 
differ in their process and the land base needed, all 
methods require additional clearing for infrastructure, 
such as transmission lines and substations, to 
route power across the landscape. As conventional 
hydroelectric power is predominant in the boreal 
zone, this fact sheet will concentrate on the impacts 
of conventional hydroelectric power on wetlands. 
Hydroelectric dams can impact both upstream and 
downstream ecosystems of the dam.4
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Flooding of 
Riparian, Wetlands, 

and Upland Habitats

Convention hydroelectric dams often result in the inundation of riparian 
zones, wetlands, and adjacent upland habitats due to reservoir creation, 
profoundly altering these ecosystems.

Conversion of 
Lotic to Lentic 
Environments

The transformation from flowing water (lotic) to stagnant water (lentic) 
environments is a common consequence of hydroelectric dam construction, 
disrupting the natural flow in wetland ecosystems.

Alteration of 
Groundwater 

Recharge

The construction of dams and subsequent reservoir formation can significantly 
modify groundwater recharge patterns, affecting the hydrological balance of 
wetlands and surrounding areas. 

Sedimentation and 
Nutrient Enrichment

Hydroelectric dams can induce sedimentation and nutrient enrichment 
in upstream areas due to flood material leaching into the water, leading to 
changes in the ecological dynamics and vegetation composition of wetlands.

Mercury 
Methylation in 

Wetlands

The high density of organic matter deposits found in wetlands and riparian 
areas, coupled with natural and anthropogenic mercury deposits and induced 
anoxic conditions from flooding, can result in mercury methylation, posing 
risks to  aquatic organisms. Flooding of wetlands is particularly detrimental 
due to the higher concentration of organic matter, leading to the production 
of methylmercury for longer periods, thus amplifying the ecological impact.
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Decreased 
Groundwater 

Recharge

Hydroelectric dams can lead to a reduction in groundwater recharge 
downstream, impacting the hydrological balance and water availability in 
wetland ecosystems.

Streambank Erosion The construction and operation of dams can exacerbate stream bank erosion 
downstream.

Changes in Stream 
Morphology

Hydroelectric dams can induce changes in the morphology of downstream 
streams, affecting flow patterns and sediment and nutrient transport 
dynamics.

Altered Timing of 
Water Flow

Dams often regulate water flow to meet electricity demands, resulting in 
significant alterations to the timing and magnitude of downstream flows, 
which can disrupt natural wetland hydrology and ecological processes.

Table 5. Impacts of hydroelectric dams, upstream and downstream of dams.4 
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Mining

Globally, Canada is a , with 80% of Canada’s mining activities concentrated in the boreal.4 Various metals, 
including ferrous, precious, and base metals, oil sands, as well as coal and gems, are extracted within this 
region. The effects of mining on wetlands depends on the type of mining, location (e.g., in or adjacent to 
wetlands), and the stage in the mining cycle. However, consistent findings include the potential to disrupt 
surface and groundwater quantity  and quality. Impacts to wetlands during mining phases include4: 

1. Exploration Phase 2. Extraction Phase

3. Processing Phase 4. Closure Phase

Disrupting surface water flow: Seismic lines, 
roads, and camps established during initial stage 
prospecting can disrupt surface water flow patterns.

Disrupting groundwater flow: Sampling and drilling 
activities may interfere with groundwater flow, 
especially if they come into contact with subsurface 
aquifers. 

Surface Water Alteration: Surface mining operations 
can alter surface water flow pathways, diverting rivers 
and lakes to access underlying materials. 

Removal of peat: Open-pit mining involves large-
scale removal of overburden (i.e. soil and peat) 
leading to changes in hydraulic gradients and a rise 
in the water table.3

Altered biodiversity: Discharge or seepage of mine 
effluents and acid mine draining can alter aquatic 
biodiversity. 

Dewatering: To manage rising water tables, excess 
water is pumped away, increasing the surrounding 
land’s vertical recharge, decreasing groundwater 
levels near the excavation, and reducing surface 
water levels which can be lead to peatland drying.

Wetland loss: Wetlands are often drained, and peat 
is removed during mining operations in these areas. 

Reduced water quantity: Extraction and diversion 
of water for processing, cooling, diluting, or treating 
mined materials can affect overall water quantity. 

Reduced water quality: Mine-related effluents, 
seepages, and emissions contribute to water 
contamination, impacting water quality. 

Leaching and tailings: persist even after mine 
closure, potentially leading to acid drainage and 
increased metal concentrations in receiving waters. 

Historical operations in older and abandoned mines 
show evidence of long-term water quality impacts, 
indicating the lasting consequences of mining 
activities.
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Peat Harvesting
Peat harvesting occurs in organic wetlands (peatlands) and is the process of removing peat (soil formed from 
decayed wetland plant material) for commercial uses e.g., as a horticultural growing medium. Peat harvesting 
affects a relatively small area but significantly impacts wetland hydrology.4

There are two methods for peat harvesting:

•	 Dry Harvesting: Requires draining the peatland, 
facilitating the extraction of dried peat through sod 
peat production, milled peat production, or vacuum 
peat production. Subsequently, the extracted peat 
undergoes further dewatering processes to create 
briquettes or pellets.

•	 Wet Harvesting: Extracting peat without solar 
drying or transportation for dewatering and 
thermal drying, utilized particularly when drainage 
is challenging, extending the peat production 
season with lower costs, although it is not currently 
widely adopted on a large scale in Canada.

Impacts on water quality and quantity vary depending on extraction method. However, both methods result 
in significant peat material removal, leading to permanent losses in water storage capacity.4 Peat harvesting 
results in a loss of stored carbon from the harvested wetland and can affect green house gas emissions. 

Annually, Canada produces 11.8 million cubic meters of horticultural peat, approximately 0.03% of 
Canadian peatlands equivalent to 34,000 hectares, are harvested.4 The majority of production areas, 
approximately 70%, are situated in eastern provinces such as New Brunswick and Quebec, while the 
central and western regions contribute to the remaining 30%.4

Canada is one of the leading global exporters of horticultural peat. 
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The factsheets in Section Three provide an overview of anthropogenic disturbances in western boreal forest 
wetlands, with a focus on road construction, forest harvest, and cumulative effects of other key industries 
(oil and gas, electricity, mining, and peat harvest). While the Healthy Landscapes Program (HLP) has a strong 
understanding of the effects of forest management on upland forests and a growing understanding of the 
effects of other industries (e.g., oil and gas) on managed upland forests, the extent and effects of these and 
other industries often differ in wetlands. Understanding the scope and potential effects of anthropogenic 
activities on wetland functions and services is needed for a whole landscape approach to ecosystem-based 
management. 

There is growing understanding of the effects of anthropogenic disturbances on boreal wetlands, with in-
creasing focus on hydrology, carbon storage and greenhouse gases, species at risk, and biodiversity. Howev-
er, many knowledge gaps remain, particularly with respect to the cumulative effects of different industries 
and the interacting effects of anthropogenic disturbance and climate change. Table 1 provides an overview 
of key knowledge gaps organized by factsheet topic. Many of the gaps in Section Three are likely to be of 
relevant to HLP members but may not be high priority for the HLP to address through specific projects (e.g., 
wetland road crossings are an forest management consideration for all partners but are unlikely to be a 
focus of an ecosystem-based management project). Similarly, knowledge gaps for Factsheet #15, cumulative 
effects, are relevant questions but many may fall outside of the HLP’s current scope or membership.  

From the list in Table 3, priority knowledge gaps for the HLP are included in the Whole Landscape Road Map 
at the end of this report.    

Table 3. Section Three topics and their related knowledge gaps. 

W
et

la
nd

 R
es

ou
rc

e R
oa

ds
 

13.1
Understanding the long-term impacts of roads on wetlands, including habitat 
fragmentation, increased human and predator access, invasive species, and changes to 
watershed hydrology and climate. 

13.2 Developing field and desktop tools for practitioners to understand wetland flow amounts 
and direction. 

13.3
Evaluating road construction practices for maintaining hydrologic connectivity, reducing 
impacts on greenhouse gas emissions and carbon storage, and improving reclamation 
outcomes. 

13.4 Developing approaches and programs for effectively and efficiently monitoring wetland 
crossings. 

13.5 Developing best practices for wetland road decommissioning and reclamation. 

13.6 Understanding impacts, developing best practices, and exploring alternatives as winter 
roads become unsuitable or unreliable due to climate change. 

ANTHROPOGENIC DISTURBANCE: KNOWLEDGE GAPS
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Fo
re

st
 H

ar
ve

st
 

14.1
Understanding immediate and long-term effects of forest harvest on wetland hydrology, 
soil structure, biodiversity, and ecosystem functions (when forested wetlands are 
harvested). 

14.2
Understanding immediate and long-term effects of forest harvest on adjacent or 
downstream wetlands on hydrology, carbon storage, biodiversity, and ecosystem 
function.   

14.3 Evaluating effects of forest management activities, including site preparation, fertilization, 
and harvesting, on water quality. 

14.4 Exploring the mechanisms that shift regeneration of harvested wetlands towards upland 
forest communities, along with strategies to promote wetland regeneration post-harvest. 

14.5 Adapting forest management practices to the growing variability of weather and climate 
conditions.

Cu
m

m
ul

at
ive

 Eff
ec

ts

15.1

Understanding current and potential future footprint of individual and cumulative 
industry activities. There are few datasets or products that summarize cumulative 
footprints and information about predicted future footprints are lacking across all 
jurisdictions.  

15.2
Working with other sectors to understand how other industry disturbances can be 
considered alongside sustainable forest management to practice ecosystem-based 
management to incorporate all disturbances on the landscape. 

15.3 Understanding the social, political, and economic barriers and opportunities for 
managing cumulative impacts. 

15.4 Understanding the impacts of other industry activities on hydrologic connectivity at a 
landscape scale and how this can affect upland managed forests. 

15.5
Understanding the subsurface impacts of industry activities (oil and gas infrastructure, 
mining, peat harvest) on wetlands, including the effects on groundwater quality, soil 
structure, and subsurface contamination. 

15.6
Understanding the long-term ecological consequences of industry activities (oil and gas 
infrastructure, mining, peat harvest) on wetlands, including the recovery processes and 
the persistence of impacts over time. 

15.7 Developing and evaluating effective restoration strategies for wetlands impacted by 
other industries (oil and gas, mining, electrical).   



This report  provides an overview of the current state 
of knowledge of wetland functions and values, the 
effects of anthropogenic and natural disturbances, 
and a  summary of key wetland knowledge gaps 
related to ecosystem-based management. The 
report is organized into three sections  - Wetlands 
on the Landscape, Anthropogenic Disturbance, 
and Natural Disturbance. The contents of the 
report are summarized in a Road Map (Figure 1) 
that can be used to guide how the HLP applies the 
key learnings in its work across the western boreal 
forest. As HLP moves through this Road Map, it may 
change. It is recommended that this Road Map is 
revaluated on a regular basis. 

The starting point in the Road Map is incorporating 
information from Section One, Wetlands on 
the Landscape, into how the HLP considers the 
landscape. Once this foundational understanding 
is established, it is possible to examine how various 
disturbances - natural and anthropogenic - affect 
wetland functions and values and can inform 
ecosystem-based management in wetlands. 

Each of the three sections of the report concludes 
with a list of knowledge gaps relevant to the 
section. While important, not all of these gaps are 
a priority for the HLP. As part of the Road Map, we 
identified six priority knowledge gap themes that 
are relevant to the work HLP is pursuing today and 
is looking to explore in the future. These priorities 
are opportunities for the HLP to incorporate 
wetlands and continue to grow a whole landscape 
approach to ecosystem-based management. 

A Whole Landscape Approach to Ecosystem-Based Management: 

WETLANDS ROAD MAP

Wetlands on 
the Landscape

Anthropogenic 
Disturbance

Natural 
Disturbance

State of Knowledge Knowledge Gaps

Knowledge Gaps

State of Knowledge

Wetland Inventories Climate Change

Knowledge Gaps

State of Knowledge

Wetland Fire 
Behaviour

Cummulative Effects

Wetland Fire 
Management

Indigenous 
Knowledge

HLP OPPORTUNITIES

Figure 1. Road Map outlining report contents and future 
opportunities for HLP projects. 
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Priority Gap #1 – Wetland Inventories
What type of wetlands are located where?

Detailed and up to date forest inventories are an important resource for managing upland forests. 
Similarly detailed and up to date wetland inventories are needed for a whole landscape approach to 
ecosystem-based management. However, wetlands are often not well captured in land inventories, 
and wetland specific inventories are typically done on a project-by-project basis, leaving data gaps 
and variations in quality, scale, and the classification system used. These gaps and variations create 
challenges for projects that require uniform data across large landscapes, such as those taken on by 
the HLP. Inventories are also only a snapshot in time and need regular updates to capture changes 
caused by natural events, climate change, and human activities. 

Opportunities for filling the wetland inventory knowledge gap include: 

1.	 Completing and maintaining up-to-date wetland inventories across the western boreal 
forest.

2.	 Enhancing the classification methods used in land inventories (e.g., provincial vegetation 
or lad classification inventories) to better capture wetland classes.

3.	 Developing new approaches to remotely monitor land changes over time.

While the HLP may not lead the development of wetland inventories, there are opportunities for 
HLP partners to support the development of these products for their tenure areas or jurisdictions. 
Wetland inventories are increasingly in demand by various industries, governments, and Indigenous 
communities so project work is ongoing to fill knowledge and data gaps. Keeping up to date on 
inventories that are completed or in progress across the western boreal forest will help address this 
gap.  

Priority gap #2 – Climate Change
How will climate change affect wetland abundance, distribution, and functions?

Understanding how climate change will affect the abundance, distribution, and functions of boreal 
wetlands is needed to both mitigate the effects of anthropogenic land uses on climate change 
and to adapt practices to respond to climate change. While there is a general understanding of the 
types of changes boreal wetlands are anticipated to experience, improved knowledge is needed 
to understand how specific conditions—like climate and land-use changes—may lead wetlands to 
become wetter or drier, impact ecosystem services, and influence interactions with surrounding 
ecosystems. 

Opportunities for filling climate change related knowledge gaps include: 

1.	 Providing input, as part of industry and government engagement, into the Boreal 
Climate Change Modelling Study being led by Ducks Unlimited Canada (2023-2026). 
This project is developing predictive models to forecast changes in wetland distribution 
and abundance across the western boreal forest.

2.	 Predicting the vulnerability of wetlands to wildfire under future climate scenarios.

3.	 Exploring how human activities, such as the construction of roads, well pads, and seismic 
lines, interact with climate change to alter wildfire risks and fire dynamics in wetlands.

4.	 Understanding how shifts in temperature, precipitation, and extreme weather influence 
wetland stability, formation, sucessional dynamics and species composition. 



80

Priority #3 – Fire Behaviour
What wetland characteristics or conditions influence wetland fire behaviour and recovery? 

As wildfire intensity and frequency increase in the western boreal forest, improving our 
understanding of wetland fire behaviour is needed for a whole landscape approach to ecosystem-
based management. While an improved understanding for all wetland types is beneficial, treed 
organic wetlands are the highest priority focus because of the heightened risk of severe burning.

Opportunities for filling wetland fire behaviour knowledge gaps include:

1.	 Understanding of how factors such as wetland age, vegetation composition, and 
hydrology influence wetland wildfire behavior.

2.	 Understanding landscape-scale variables that contribute to higher fire risk in wetlands 
(e.g., historic fire suppression, anthropogenic activities, climate change) and identifying 
areas with heightened risk.

3.	 Predicting changes in wetland fire return intervals by analyzing historical patterns and 
considering  projected climate and land use changes. 

4.	 Assessing how fire severity, intensity, and return intervals affect wetland post-fire 
recovery and succession. 

Research on this topic is growing and the over-arching opportunity for the HLP is to connect 
with wetland wildfire researchers to capture up to date information in current and future wildfire 
focused HLP-led projects. 

Priority #4 – Fire Management
How can we best manage wetland fire risk?

As the HLP explores approaches to manage for fire risk in upland managed forests, there are also 
opportunities to improve understanding of approaches to manage for fire risk in wetlands; however, 
it is less clear who holds the authority and responsibility for fuel management in wetlands. Section 
Two explored approaches to manage wetland fire risk using Indigenous fire stewardship, fuel 
management, and nature-based solutions such as beavers. 

Opportunities for filling wetland fuel management knowledge gaps include:

1.	 Understanding and documenting cultural burning practices historically applied in 
wetlands, as this knowledge exists within Indigenous communities but is often not 
recorded in western scientific literature.

2.	 Testing the effectiveness of prescribed burning, whether through western methods or 
Indigenous fire stewardship.

3.	 Improving understanding of the effectiveness, practicality, and cost of mechanical fuel 
management approaches—such as mulching and thinning—for managing wildfire risk 
in wetlands.

4.	 Addressing policy, legal, and organizational challenges is necessary to test and scale 
up wetland fuel management approaches, including clarifying responsibilities, skills 
required, and funding mechanisms.

Some of these opportunities can be addressed alongside similar questions targeting managed 
upland forests; however, #4 is critical because there are a few key barriers associated with 
wetland fuel management that differ from upland fueld management (e.g., different regulatory 
requirements, no or minimal merchantable timber). 
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Priority #5 – Cumulative Effects
How does the HLP extend a whole landscape ecosystem-based management approach to 
encompass all industries operating in the western boreal forest? 

A whole landscape approach to ecosystem-based management requires understanding 
and accounting for activities and disturbances across the whole landscape. By nature of the 
organizations involved in the HLP (primarily forest industry, government forest branches, forest 
researchers) and because of the immense challenges of working across multiple sectors, the HLP’s 
approach to date has primarily focused on ecosystem-based management as a tool for sustainable 
forest management. If the HLP is looking to grow its scope to encompass all parts of the landscape, 
there is also a need to explore how cumulative effects from other anthropogenic activities could be 
considered as part of that scope. 

Opportunities for starting to fill the cumulative effects knowledge gap include:

1.	 Improving understanding of current and predicted future footprint of individual and 
cumulative industry activities across the western boreal forest.

2.	 Working with other sectors to understand how the effects of their activities can be 
considered alongside sustainable forest management explore approaches to ecosystem-
based management that consider all disturbances on the landscape.

3.	 Understanding the social, political, and economic barriers and opportunities for 
managing cumulative impacts.

These opportunities aren’t limited to wetlands and are equally applicable to upland forests and 
other ecosystem types. As covered in Section Three, wetlands are affected by a range of different 
industries, from peat harvest to oil and gas, and the effects they experience often differ from 
uplands. Meaningful ecosystem-based management in wetlands needs to consider the effects of 
all activities.    

Priority #6 – Indigenous Knowledge 
How can the HLP incorporate Indigenous knowledge to inform a whole landscape approach to 
ecosystem-based management?

This document and the whole landscape definition (cite) were developed from a western science 
perspective and without the input of Indigenous knowledge or perspectives. This is a gap, particularly 
when the goal is to take a whole landscape approach to ecosystem-based management. Wetland 
management has often neglected Indigenous knowledge and values, which provide valuable 
insights into wetland locations and their cultural significance. Incorporating this knowledge could 
significantly enhance our understanding and management of boreal wetlands and inform a holistic 
approach to ecosystem-based management.

The first step to addressing this knowledge gap is continuing to build and invest in relationships 
with Indigenous knowledge holders, working towards incorporating other knowledge systems 
into HLP projects and research. Building relationships would facilitate the integration of two-eyed 
seeing, a concept that incorporates both western and Indigenous knowledge systems, into HLP 
projects and research. From those relationships, specific topics to explore include:

1.	 Expanding the Whole Landscape Definition to capture Indigenous knowledge.

2.	 Where appropriate, growing understanding of traditional knowledge and values across 
the whole landscape, including capturing knowledge in spatial products such as land 
or wetland inventories.

3.	 Growing HLP’s understanding of cultural burning practices used in wetlands (and 
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other ecosystems). Where appropriate, this could include working with communities 
to document knowledge and practices or applying practices as part of prescribed burn 
trials. 

4.	 Exploring new ways to bring together Indigenous knowledge and western science.

Recognizing that Indigenous knowledge is often proprietary to a community and there may be 
rules or concerns with sharing knowledge outside of the community. Respectful approaches are 
needed to document and safeguard this knowledge according to community preferences.

Conclusion
The six priority knowledge gaps represent key areas for the HLP to explore as the program 
continues to evolve its whole landscape approach to ecosystem-based management. While some 
of these gaps may be independent HLP-led projects, many are more likely to be addressed as part 
of projects the HLP is already considering. It is also important to note that these knoowledge gaps 
and the Road map is not static, and these priorities may shift over time. 

Addressing these knowledge gaps may involve including new partners, or simply widening the 
scope to encompass wetlands. Wetland research in the western boreal forest has grown significantly 
in the past decades and with the global focus on climate change adaptation and mitigation, 
biodiversity loss, wildfire, and water security, this is likely to continue. This growing body of research 
will help to fill the priority knowledge gaps, and the more specific knowledge gaps identified in 
each of the three sections, and continuing to monitor research outcomes and incorporate new 
findings will strengthen HLP’s work.  Wetlands are not the only other part of the landscape and 
applying a similar approach to other ecosystems (e.g., grasslands, shrublands) will support the HLP 
in continuing to develop a whole landscape approach to ecosystem based management.
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Org 
Type Organization Department/Lab Researcher Topic of Interest Related Factsheet(s)

As
so

cia
tio

n

Canadian 
Sphagnum 
Peat Moss 

Association

Post-peat-harvest peatland restoration. 15. Cummulative Effects

Saskatchewan 
Research 
Council

Dr. Mark 
Johnston

Retired. 

Forest ecology, environmental modelling, 
and climate change vulnerability.

6. Wetland Soil Carbon

Go
ve

rn
m

en
t

Government 
of Alberta

Land use planning and sustainable 
development.

3. Wetland Classification
4. Wetland Inventories

Government 
of Canada

Environment 
and Climate 

Change 
Canada

Dr. Kelly 
Bona

Peatland carbon dynamics, ecosystem 
modeling, and ecology.

4. Wetland Inventories
6. Wetland Soil Carbon

Natural 
Resources 

Canada

Dr. Kara 
Webster Forest soil carbon and nutrient cycles. 6. Wetland Soil Carbon

Dr. Jaime 
Pinzon

Cumulative effects and sustainable forest 
management. 14. Forest Harvest

Dr. Anna 
Dabros

Ecosystem response to disturbance, 
cumulative effects, and restoration. 15. Cummulative Effects

This table identifies organizations, researchers, and governments working in wetlands, with a focus on those working on projects related to organic 
wetlands in the boreal forest. This list is a living document, there may be projects, researchers, organizations and topics missing from this list. 

Appendix 1. Who is Working in this Space

https://peatmoss.com/
https://peatmoss.com/
https://peatmoss.com/
https://peatmoss.com/
https://www.src.sk.ca/
https://www.src.sk.ca/
https://www.src.sk.ca/
https://www.researchgate.net/profile/Mark-Johnston-3
https://www.researchgate.net/profile/Mark-Johnston-3
https://www.researchgate.net/profile/Kelly-Bona-2
https://www.researchgate.net/profile/Kelly-Bona-2
https://cfs.nrcan.gc.ca/employees/read/kwebster
https://cfs.nrcan.gc.ca/employees/read/kwebster
https://www.researchgate.net/profile/Jaime-Pinzon-3
https://www.researchgate.net/profile/Jaime-Pinzon-3
https://www.researchgate.net/profile/Anna-Dabros
https://www.researchgate.net/profile/Anna-Dabros
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Go
ve

rn
m

en
t

Government 
of Canada

Natural 
Resources 

Canada

Dr. Dan 
Thompson

Hydrology of disturbed landscapes, boreal 
wildfire spread

8. Wetland Fire Behaviour
9. Post Fire Successional Dynamics
11. Managing Wetlands for Fire Risk
15. Cummulative Effects

Alex 
Zahara

Wildfire response; Indigenous studies; anti-
colonial methodologies in science 10. Indigenous Fire Stewardship

Government 
of the United 

States

US Forest 
Service

Dr. Frank 
K. Lake

Wildland fire effects, traditional ecological 
knowledge and management, and climate 
change.

1. Wetland Values
9. Post Fire Successional Dynamics
10. Indigenous Fire Stewardship

No
n-

Pr
ofi

t

Alberta 
Native Trout 

Collaborative

Watershed conservation and rehabilitation 
for native trout 12. Wetlands and Beavers

Alberta 
Watercourse 

Crossing 
Collaborative

Watercourse crossings, watercourse 
health, and fish passage 13. Resource Roads

BC Wildlife 
Federation

Conservation and 
sustainable use of BC’s land,                                                                                                                             
and resources

3. Wetland Classification

Blood 
Tribe Land 

Management

Land use planning and traditional 
knowledge. 12. Wetlands and Beavers

Cows and Fish Riparian areas, watercourse health, and 
land stewardship. 12. Wetlands and Beavers

Ducks 
Unlimited 

Canda

Institute for 
Wetland and 

Waterfowl 
Research

Waterfowl, wetlands, biodiversity, wetland 
distribution and abundance

5. Wetland Hydrology
7. Climate Change

https://profils-profiles.science.gc.ca/en/profile/dr-dan-thompson
https://profils-profiles.science.gc.ca/en/profile/dr-dan-thompson
https://alexzahara.wordpress.com/about/
https://alexzahara.wordpress.com/about/
https://research.fs.usda.gov/about/people/franklake
https://research.fs.usda.gov/about/people/franklake
https://www.albertanativetrout.com/
https://www.albertanativetrout.com/
https://www.albertanativetrout.com/
https://www.awccc.ca/
https://www.awccc.ca/
https://www.awccc.ca/
https://www.awccc.ca/
https://bcwf.bc.ca/
https://bcwf.bc.ca/
https://bloodtribe.org/index.php/blood-tribe-land-management/
https://bloodtribe.org/index.php/blood-tribe-land-management/
https://bloodtribe.org/index.php/blood-tribe-land-management/
https://cowsandfish.org/
https://www.ducks.ca/
https://www.ducks.ca/
https://www.ducks.ca/
https://iwwr.ducks.ca/
https://iwwr.ducks.ca/
https://iwwr.ducks.ca/
https://iwwr.ducks.ca/
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No
n-

Pr
ofi

t
Ducks 

Unlimited 
Canda

National 
Boreal 

Program

Wetland mapping and classification, 
predicting future wetland distribution and 
abundance, wetland training

3. Wetland Classification
4. Wetland Inventories
7. Climate Change
13. Resource Roads
14. Forest Harvest
15. Cummulative Effects

FPInnovations Resource roads, sustainable forestry, and 
fire management in the boreal forest.

11. Managing Wetlands for Fire Risk
13. Resource Roads
14. Forest Harvest
15. Cummulative Effects

Indigenous 
Leadership 

Initiative

Dr. Amy 
Cardinal 

Christianson

Indigenous fire stewardship, Indigenous 
wildland firefighters, Indigenous research

1. Wetland Values
8. Wetland Fire Behaviour
9. Post Fire Successional Dynamics
10. Indigenous Fire Stewardship

North 
American 
Waterfowl 

Council

Wetland conservation, wetland policy and 
awareness, and waterfowl management 4. Wetland Inventories

The Beaver 
Institute Beavers and ecosystem health. 12. Wetlands and Beavers

Trout 
Unlimited 

Canada

Trout conservation and protection and 
restoration of freshwater ecosystems 12. Wetlands and Beavers

Wildlife 
Conservation 

Society 
Canada

Forests, 
Peatlands 

and Climate 
Change

Dr. Lorna 
Harris

Peatlands formation and development 
and peatland development in response to 
climate change and disturbance.

5. Wetland Hydrology
6. Wetland Soil Carbon
14. Forest Harvest
15. Cummulative Effects

https://boreal.ducks.ca/
https://boreal.ducks.ca/
https://boreal.ducks.ca/
https://web.fpinnovations.ca/
https://www.ilinationhood.ca/
https://www.ilinationhood.ca/
https://www.ilinationhood.ca/
https://www.ilinationhood.ca/team-members/amy-cardinal-christianson
https://www.ilinationhood.ca/team-members/amy-cardinal-christianson
https://www.ilinationhood.ca/team-members/amy-cardinal-christianson
https://nawcc.wetlandnetwork.ca/
https://nawcc.wetlandnetwork.ca/
https://nawcc.wetlandnetwork.ca/
https://nawcc.wetlandnetwork.ca/
https://www.beaverinstitute.org/
https://www.beaverinstitute.org/
https://tucanada.org/
https://tucanada.org/
https://tucanada.org/
https://www.wcs.org/
https://www.wcs.org/
https://www.wcs.org/
https://www.wcs.org/
https://wcscanada.org/about/our-programs/forests-peatlands-and-climate-change/
https://wcscanada.org/about/our-programs/forests-peatlands-and-climate-change/
https://wcscanada.org/about/our-programs/forests-peatlands-and-climate-change/
https://wcscanada.org/about/our-programs/forests-peatlands-and-climate-change/
https://wcscanada.org/about/contact/lorna-harris/
https://wcscanada.org/about/contact/lorna-harris/
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Un
ive

rs
ity

Athabasca 
University

Dr. Leslie 
Main 

Johnson

Traditional ecological knowledge, 
ethnography, and cultural anthropology. 1. Wetland Values

AU Hydrology Dr. Scott 
Ketcheson

Hydrology between forests, wetlands, and 
streams.

5. Wetland Hydrology
8. Wetland Fire Behaviour
11. Managing Wetlands for Fire Risk
13. Resource Roads
14. Forest Harvest

Brandon 
University

Dr. Peter 
Whittington Peatland restoration and soil hydrology. 15. Cummulative Effects

Laval 
University

Peatland 
Ecology 

Research 
Group

Dr. Line 
Rochefort

Peatland restoration techniques after peat 
extraction and development of the moss-
layer-transfer technique.

15. Cummulative Effects

McMaster 
University

McMaster 
Ecohydrology 

Lab

Dr. Mike 
Waddington

Wetland soil carbon and the impacts 
of wildfire, drought, and resource 
development on wetland systems.

5. Wetland Hydrology
8. Wetland Fire Behaviour
9. Post Fire Successional Dynamics
11. Managing Wetlands for Fire Risk
14. Forest Harvest
15. Cummulative Effects

Mount Royal 
University

Dr. Felix 
Nwaishi

Ecosystem ecology, climate change, 
braiding knowledge systems, and impact 
mitigation.

5. Wetland Hydrology
13. Resource Roads
15. Cummulative Effects

Miistakis 
Institute

Ecological connectivity, biodiversity, and 
ecosystem-based climate adaptation. 12. Wetlands and Beavers

https://www.researchgate.net/profile/Leslie-Johnson-25
https://www.researchgate.net/profile/Leslie-Johnson-25
https://www.researchgate.net/profile/Leslie-Johnson-25
https://www.auhydrology.com/
https://www.athabascau.ca/science-and-technology/our-people/scott-ketcheson.html
https://www.athabascau.ca/science-and-technology/our-people/scott-ketcheson.html
http://petewhittington.ca/
http://petewhittington.ca/
https://www.gret-perg.ulaval.ca/
https://www.gret-perg.ulaval.ca/
https://www.gret-perg.ulaval.ca/
https://www.gret-perg.ulaval.ca/
https://www.researchgate.net/profile/Line-Rochefort
https://www.researchgate.net/profile/Line-Rochefort
https://www.mcmasterecohydrology.ca/
https://www.mcmasterecohydrology.ca/
https://www.mcmasterecohydrology.ca/
https://science.mcmaster.ca/~wadding/dr-waddington.html
https://science.mcmaster.ca/~wadding/dr-waddington.html
https://www.mtroyal.ca/ProgramsCourses/FacultiesSchoolsCentres/ScienceTechnology/Departments/EarthEnvironmentalSciences/Faculty/nwaishi.htm
https://www.mtroyal.ca/ProgramsCourses/FacultiesSchoolsCentres/ScienceTechnology/Departments/EarthEnvironmentalSciences/Faculty/nwaishi.htm
https://rockies.ca/index.php
https://rockies.ca/index.php


87

Un
ive

rs
ity

Northern 
Alberta 

Institute of 
Technology 

(NAIT)

Centre 
for Boreal 
Research

Dr. Bin Xu
Peatland restoration, greenhouse gas 
emissions from peatlands, and linear 
features in peatlands.

5. Wetland Hydrology
13. Resource Roads
14. Forest Harvest
15. Cummulative Effects

Olds College
Dr. Daniel 

James 
Karran

Ecohydrology and phytoremediation of 
agricultural runoff. 12. Wetlands and Beavers

Plymount 
Univerity

Wetlands 
Resilience 
Research 

Group

Dr. Scott J. 
Davidson

Drivers of greenhouse gases and peatlands 
as nature-based solutions. 6. Wetland Soil Carbon

Simon Fraser 
University

Dr. Sophie 
Wilkinson

Ecohydrology, environmental change, and 
wildfire science

8. Wetland Fire Behaviour
9. Post Fire Successional Dynamics
11. Managing Wetlands for Fire Risk

University of 
Alberta

Dr. Kevin 
Devito

Impacts of large-scale disturbance on 
hydrology, ecohydrology, wetland soil 
carbon, restoring hydrology after large 
scale disturbance. 

15. Cummulative Effects

Fire 
Management 

Systems 
Laboratory

Dr. Mike 
Flannigan

Retired. 

Fire and weather/climate 
interactions, impact of climatic change, 
and wildland fires.

8. Wetland Fire Behaviour

Alberta 
Biodiversity 
Monitoring 

Institute

Wetland inventories, species distribution 
maps, biodiversity trend monitoring.

4. Wetland Inventories
7. Climate Change

https://www.nait.ca/applied-research/about/centres/centre-for-boreal-research
https://www.nait.ca/applied-research/about/centres/centre-for-boreal-research
https://www.nait.ca/applied-research/about/centres/centre-for-boreal-research
https://www.nait.ca/applied-research/find-an-expert/bio?iNjxsbSwm2LkfU%2fR6XhGlccXvKVZTQo8KHpBUSruEXNR8LMw4pRsiPLtS8kfJ9zEqh5CR7gCs1M%3d
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Group

Dr. David 
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Impacts of disturbances and management 
on wetland functions

5. Wetland Hydrology
7. Climate Change
11. Managing Wetlands for Fire Risk

University 
of Boulder 
Colorado

Dr. Merritt 
Turetsky

Climate change, wildfire, and permafrost 
thaw.

7. Climate Change
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University 
of British 
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San-
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Fire management policies, remote sensing, 
and environmental monitoring. 11. Managing Wetlands for Fire Risk
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Dr. Kira M. 
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9. Post Fire Successional Dynamics
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University of 
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Dr. 
Melinda 
Adams
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University of 
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Dr. Emily 
Fairfax
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Dr. Cherie 
Westbrook
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5. Wetland Hydrology
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Dr. 
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Trant
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biogeography. 10. Indigenous Fire Stewardship
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Wetland 
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Dr. 
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15. Cummulative Effects
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Price
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University
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