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1.  Introduction
What are peatlands?
Peatlands are ecosystems with waterlogged ground, 
which prevents plant material from fully decompos-
ing. Over thousands of years, this dead organic matter 
gradually accumulates to form deep peat soils that are 
rich in carbon. Although surface vegetation varies in 
different climates, from the tropics to northern lati-
tudes, peatlands develop in the same way, with plant 
production exceeding decomposition.

On the surface, northern peatlands are covered in 
diverse plant species, from dense and somewhat stunted 
canopies of black spruce trees (Picea mariana), to more 
open landscapes of low-lying shrubs, sedges and open 
water pools. One of the smallest, and arguably most 
important plants in northern peatlands, is Sphagnum 
moss. Forming a soft and gently undulating carpet 
of raised hummocks and hollows across the peatland 
surface, Sphagnum moss is critical for the formation of 
many peatlands (Turetsky et al. 2012). Often described 
as a bog builder, the living tip of the moss continually 
grows upwards, while the lower sections are slowly 
added to the underlying peat. As decomposition is slow 
and Sphagnum moss is itself resistant to decay, the spe-
cies of moss fragments that make up the peat soil are 
often easily identified, even in deeper peat (Figure 1). 

6. Peatlands oF the 
Fawn RiveR indigenous 
PRotected aRea

Top, Sphagnum moss hummocks and pools in a bog. 
Bottom, Round-leaved sundew (Drosera rotundifolia) 
and Sphagnum moss (Sphagnum rubellum) (Credit: 
Lorna I. Harris/WCS Canada)
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Figure 1. Simplified diagram of carbon storage in northern peatlands and tropical 
forests.

Most peatlands dominated by Sphagnum moss are solely dependent on rain 
or snow as a water source, resulting in nutrient-poor conditions. As these bogs 
are also acidic (pH typically less than 4.5; Clymo 1964), only specialist wetland 
plants can thrive, including the carnivorous pitcher plant (Sarracenia purpurea) 
and sundew (Drosera sp.). Peatlands fed mostly by groundwater are called 
fens and usually have a greater diversity of shrubs and herbs than bogs due to 
the increased availability of nutrients. Sphagnum moss is a common feature of 
many fens, but many other moss species – termed true or brown mosses – are 
also abundant. These moss species are more tolerant of alkaline waters in fens 
and are good indicators of peatland water chemistry.

Why are peatlands important?
Peatlands are the world’s largest and most dense land-based carbon stores (see 
Box 1). Peatlands cover only 3% of Earth’s land surface but contain more than 
550 billion tonnes of carbon, which is between 20-30% of the world’s total soil 
carbon (Yu et al. 2010, Scharlemann et al. 2014). In contrast, tropical forests 
store around 470 billion tonnes of carbon but cover nearly 40% of Earth’s land 
surface (Pan et al. 2011). 
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What is carbon?
Carbon (C) is a critical element for all life on Earth, found in 
rocks, soils, the oceans, rivers, lakes, plants and animals. 
In the atmosphere, C is mostly in the form of carbon dioxide 
(CO2), a greenhouse gas (GHG) that traps heat close to the 
earth. Plants and other vegetation (e.g., lichens, algae) re-
move CO2 from the atmosphere and store it in leaves, tissues, 
branches and roots as biomass C. As the living biomass dies, 
this C is released back to the atmosphere, slowly added to the 
soil (as soil C) or transferred to other C pools. This is known as 
the carbon cycle (Figure 1).  

Peatland ecosystems are a persistent long-term terrestrial C 
store, with the wet conditions slowing the decay of dead veg-
etation that gradually accumulates to form deep peat soils that 
are rich in C. Almost 30% (550 billion tonnes) of the world’s to-
tal soil C is stored in peatlands, which cover only 3% of Earth’s 
land surface1,2. In contrast, tropical forests store around 470 
billion tonnes of C, but cover nearly 40% of Earth’s land sur-
face3.

How do we measure carbon in peatlands?
The amount of C stored in peat soils is measured by taking 
cores of peat from the surface of the peatland through to the 
underlying sediment or bedrock. The C content and bulk den-
sity of small sections of the peat core are determined through 
laboratory analyses so that the total amount of peat C stored 
within the core can then be calculated. The total amount of 
peat C stored in a peatland or across a region is calculated 
using data from multiple peat cores to ensure the spatial vari-
ability in peat properties and peat depth are represented7.

Figure 1. The carbon cycle is a biogeochemical cycle 
that exchanges carbon in a number of different forms 
among all the parts of Earth including the geosphere, 
biosphere and atmosphere.

Figure 2. The soil carbon estimated across the far 
north including the Fawn River IPA and the KI
Water Declaration Area.

Why is carbon important?
Humans have significantly increased the amount of CO2 in the 
atmosphere, through the burning of fossil fuels and the conver-
sion of forests, peatlands and other ecosystems to other land 
use (e.g., agriculture). These increased emissions have caused 
global temperatures to rise and cutting emissions of all GHGs 

continued on next page

Box 1. What is carbon and how is it measured in peatlands like the HBl?
is now a priority to prevent dangerous climate impacts. Along 
with reductions in industrial emissions, preserving and restor-
ing natural C sinks, including peatlands, is recognized as criti-
cal to prevent rapid and dangerous global climate warming4,5. 
For thousands of years, peatlands have removed CO2 from the 
atmosphere and stored this C in peat soils, effectively cooling 
the global climate6 (Figure 2). It is essential that peatlands con-
tinue to function as effective C sinks, and that the C stored 
within them remains there. 
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Top, a closed chamber method for measuring and 
monitoring greenhouse gas fluxes, including CO2. 
Bottom, an Eddy Covariance Flux Tower for monitoring 
CO2, water vapour and other gases. (Credit: Lorna I. 
Harris/WCS Canada)
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To determine the strength of the peatland C sink (or if the peat-
land is a C source to the atmosphere), emissions or fluxes of 
GHGs (CO2, methane – CH4, nitrous oxide – N2O) from the 
surface of the peatland are needed. GHG fluxes from peat-
lands are measured using closed chambers that trap the air 
above the surface of the peatland for a very short period8, 
or using sensors on small towers that continuously measure 
the concentrations of GHGs in the air above peatlands9. Mea-
surements of waterborne C in streams, rivers and lakes within 
peatland landscapes may also be used to help determine the 
net C balance of a peatland. For permafrost peatlands, mea-
surements of depth of surface thaw and peat temperatures 
are used to monitor the rate of permafrost thaw, which impacts 
peat C stores and the C sink function of the peatland7.
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Peatlands are also a persistent long-term carbon store. For thousands of 
years peatlands have removed carbon dioxide (CO2) from the atmosphere, 
effectively cooling the global climate (Frolking & Roulet 2007) (Box 1). Most 
of the carbon is then stored below ground as dead organic matter (peat), where 
in most northern peatlands it has remained for up to 10,000 years (Figure 1)
(Yu 2011). Although some carbon is released from the peatland to the atmo-
sphere as methane (CH4) and CO2, or as waterborne particulate or dissolved 
organic carbon, in most undisturbed northern peatlands the amount of carbon 
added is greater than carbon loss. This makes northern peatlands effective car-
bon sinks, a process that ensures peatland carbon stores continue to increase. 
At more northern latitudes, decomposition in permanently frozen (permafrost 
peatlands) or seasonally frozen peat is further supressed, preserving peatland 
carbon stores. In permafrost-peatland landscapes, most carbon release to the 
atmosphere as CH4 or CO2 is limited to the warmer summer season.

In contrast, most of the carbon in tropical forests is stored above ground 
in living plants for a relatively short time, with a smaller portion stored as soil 
carbon for up to 100-500 years (Figure 1) (Wang et al. 2017a). Similarly, the 
majority of carbon in boreal forests with well-drained soils is stored above 
ground in trees and other plants, with soil carbon stored for a relatively short 
time when compared to the very old carbon stored in peat soils (Deluca & 
Boisvenue 2012).

The importance of the carbon sink function and 
long-term carbon storage of northern peatlands for 
global climate regulation is now recognised by scientists 
(IPCC 2018, IPCC 2019). To prevent dangerous impacts 
of global climate warming, it is essential that peatlands 
continue to remove CO2 from the atmosphere and that 
the carbon stored in peatlands remains there (IPCC 
2018, IPCC 2019).   

Peat is not only rich in carbon. More than 80% 
of peat is water (Joosten & Clarke 2002). Peatlands 
therefore play an important role in the water cycle, by 
holding a significant volume of fresh water that supports 
an extensive network of rivers, lakes and other wetlands 
(Glooschenko 1990, Riley 2011). This fresh water is 
critical for biodiversity, fisheries and as a water resource 
(e.g., clean drinking water) (Glooschenko 1990, Joosten 
& Clarke 2002). Peatlands may also absorb and filter 
contaminants, with the very slow flow of water through 
peat soil helping to maintain downstream water quality 
(Ritson et al. 2016, McCarter et al. 2017). (See also the 
Fish and freshwater section).

Peatlands are also home to diverse species of flora 
and fauna. Peatlands provide vital habitat for a host of 
different bird species, fish, mammals, amphibians and 
water-dependent insects (Parish et al. 2008, Minayeva et 
al. 2017). Many peatland plant species are also impor-

Top, American toad (Anaxyrus americanus); bottom, 
lichens (Cladina stellaris) (Credit: Lorna I. Harris/
WCS Canada)
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tant food sources for both people and animals. For example, large areas of 
peatland across the boreal and sub-Arctic ecozones are covered in lichens, an 
important winter food source for caribou (Magoun et al. 2005). Cloudberry 
(Rubus chamaemorus), blueberry (Vaccinium sp.), cranberry (Vaccinium sp.) 
and crowberry (Empetrum sp.) are abundant food sources in northern peatlands 
(Peatland Ecology Research Group 2009), and the evergreen shrub Labrador tea 
(Rhododendron groenlandicum) is frequently used as a medicine. (Karst 2010).

Where are peatlands located? 
The majority of the world’s peatlands (close to 85%) are found in northern 
latitudes, across the temperate, boreal and sub-Arctic ecozones (Yu et al. 2010, 
Hugelius et al. 2020). These northern peatlands cover around four million 
km2, with just over a quarter (~1.1 million km2) covering vast areas of Canada 
(Figure 2)(Yu 2011). Forming a mosaic with extensive coniferous forests, lakes, 
rivers and other wetlands, peatlands across Canada’s boreal and sub-Arctic 
ecozones are recognized as one of the least impacted ecosystems on Earth (Jones 
et al. 2018). Huge swathes of mostly uninterrupted peatland cover the northern 
parts of Québec and Ontario, through Manitoba and Saskatchewan and across 
to Alberta and the Northwest Territories (Figure 2a). Further north still, many 
peatlands are permanently frozen (Figure 2b).

Figure 2. Peatlands across Canada: a) non-permafrost peatlands and b) permafrost peatlands in relation to the 
Fawn River Indigenous Protected Area (IPA) in northern Ontario. Data Source: Hugelius et al. 2020. 

Labrador tea 
(Rhododendron 
groenlandicum) (Credit: 
Lorna I. Harris/WCS 
Canada)
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Figure 3. Peatlands (non-permafrost) of the Hudson Bay Lowlands (Hudson Plains 
Ecozone is shown on the map) and Fawn River Indigenous Protected Area (IPA) in 
northern Ontario. Data source: Hugelius et al. 2020.

Peatlands of the Hudson Bay lowlands
The world’s second-largest expanse of near-continuous peatlands – the Hudson 
Bay Lowlands (HBL) – is located in Canada (Figure 2, Figure 3) (Hudson Plains 
Ecozone; Ecological Land Classification - Statistics Canada 2020). Covering 
over ~370,000 km2, the HBL peatlands store around 30-35 billion tonnes of 
carbon (Riley 2011, Packalen et al. 2014). This immense amount of carbon is 
more than all of the managed boreal forest in Canada (~28 billion tonnes of 
carbon) (Kurz et al. 2013). 

Peatlands began to form in the HBL around 7,000 years ago following gla-
cial melting and the retreat of the massive inland Tyrrell Sea (Dredge & Cowan 
1989). No longer under the weight of the heavy ice sheets, the land slowly 
began to rise (isostatic rebound), a process that has continued at a rate of 1.2 
m every 100 years over the past 1,000 years (Webber et al. 1970). This slow 
emergence of land from the Tyrrell Sea, the near-continuous cover of imperme-
able marine clays deposited by this sea, and the flat landscape and cool climate 
of the region, enabled the expansion of connected wetlands and vast peatlands 
(Glaser et al. 2004a, Riley 2011, Figure 3). Peatlands in the HBL include bogs 
and fens with spectacular patterns of pools and parallel ridges (Glaser et al. 
2004b, Riley 2011, Harris et al. 2020a). 
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In northern regions of the HBL where there is sporadic to near continuous 
permafrost (Figure 4a), permafrost peatlands dominate the landscape (Figure 
4b) and include frozen raised peatlands (peat plateaus) and smaller permafrost-
peatland mounds (palsa) (Riley 2011). Permafrost peatlands in the HBL also 
store a considerable amount of the total peat carbon for the region (Figure 4c)
(Hugelius et al. 2020). 

Peatlands across the HBL are in the homelands of many Indigenous 
communities, including Fort Severn  Kitchenuhmaykoosib Inninuwug (KI) , 
Weenusk First Nation, and Attawapiskat First Nation among others. Peatlands 
form part of this important cultural landscape and are important components 
of food sovereignty for Indigenous Peoples across the region (Council of 
Canadian Academies 2014).

The HBL peatlands support many nationally and globally rare plants 
and lichens and species of national conservation concern (Riley 2003). The 
HBL is home to Arctic fox (Vulpes lagopus) and Arctic hare (Lepus arcticus) 
and provides habitat for many migratory birds including snow geese (Anser 
caerulescens). (See also the Birds section.) Some species found in the HBL are 
also designated under the Species at Risk Act (SARA) (Government of Canada 
2020a), including polar bear (Ursus maritimus) and wolverine (Gulo gulo). For 
example, the HBL peatlands provide extensive habitat for both the sedentary 
and migratory ecotypes of woodland caribou (Rangifer tarandus caribou) in 
Ontario, particularly drier lichen-covered peatlands (non-permafrost) and more 
northern areas with permafrost-peat plateaus (Magoun et al. 2005, Berglund et 
al. 2014). (See also the Mammals section.) (More information on the fish, birds 

Figure 4. a) Permafrost zones across the Hudson Bay Lowlands, b) permafrost peatlands and c) carbon stored 
within permafrost peatlands across the HBL and Fawn River Indigenous Protected Area (IPA) in northern Ontario. 
Data source: Hugelius et al. 2020. 
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and mammals found across the HBL, Boreal Shield, and Fawn River IPA can be 
found in respective sections of this Ecological Atlas.)

The HBL peatlands also support an extensive network of rivers, lakes and 
other wetlands that drain towards Hudson Bay and James Bay (Riley 2011, 
Orlova & Branfireun 2014). Some of the last undammed rivers in North 
America are in this region and are critical for sustaining huge marshes on the 
coast of James Bay that are of hemispheric importance for biodiversity. 

2.  Peatlands of the Fawn River IPA
Just over half of the proposed Fawn River Indigenous Protected Area sits 
outside the Hudson Bay Lowlands on the Precambrian Shield (Ontario Shield 
Ecozone), but the landscape comprises a similar and mostly intact mosaic of 
peatlands and other wetlands, lakes, rivers and forest (Figure 5, Figure 6). 
Similar to other parts of the HBL, numerous lichen-covered raised bogs are 
surrounded by patterned fens and water tracks that drain from the bogs to the 
larger river network within the Severn River watershed (Figure 5b, 5c). In the 
most southern part of the Fawn River IPA, large patterned fens are situated in 
a mosaic of greater forest cover than the north. 

The Fawn River IPA extends across the zones of sporadic to discontinuous 
permafrost, with large parts of the IPA covered in permafrost peatlands (Figure 
4a, 4b, Figure 6). In the northern part of the Fawn River IPA, permafrost peat-
lands that are permanently frozen with only about the upper 40 cm thawing 

Figure 5. a) Location of the proposed Fawn River Indigenous Protected Area with the northern half located within 
the Hudson Bay Lowlands, b) satellite image of a patterned fen and water track draining from adjacent lichen-
covered raised bogs within the Fawn River IPA and c) satellite image of another patterned fen and water track within 
the Fawn River IPA, with arrows indicating the general flow direction of water from the peatlands to small tributaries 
of the larger river network within the Severn River watershed. Data source: Zoom Earth Imagery.
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Figure 6. a) Satellite image of the Fawn River Indigenous Protected Area (IPA) with the northern half located within 
the Hudson Bay Lowlands, b) non-permafrost peatlands and c) permafrost peatlands within the Fawn River IPA. 
Data sources: ESRI Basemaps, Hugelius et al. 2020.
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in the warmer summer months before freezing again in winter. The surface of 
these raised permafrost-peat plateaus is dry and typically covered in lichens 
and some black spruce trees. The surrounding wetlands, which may include 
fen water tracks (channel fens), are usually dominated by sedges. Where per-
mafrost has thawed at the edge of the peat plateau and caused it to collapse, a 
new collapse-scar wetland may form with new growth of Sphagnum moss and 
sedges replacing lichens and black spruce trees (Figure 7, Figure 8).

3.  Benefits to people provided by the Fawn River IPA
peatlands ecosystem
Peatlands provide numerous valuable ecosystem services, including regulating, 
supporting and provisioning services, such as carbon storage for global climate 
regulation, wildlife habitat and storage of fresh water. The HBL peatlands 
and those within the Fawn River IPA are no exception, with the mostly intact 
landscape representing a hotspot within Canada for multiple ecosystem services 
(Mitchell et al. 2020). 

Figure 7. Simplified diagram of land cover change following thaw in permafrost 
peatlands.
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Regulating services are ecosystem processes that maintain air quality, water 
quality and quantity and soil conditions. Peatlands provide critical regulating 
services for global climate and water, but these services have often been over-
looked and undervalued in decision making about land use and development. 
As they are mostly intact and undisturbed, peatlands within the Fawn River IPA 
are currently very likely to be functioning at the optimal level for climate (e.g., 
removing CO2 from the atmosphere and storing the carbon in peat soils) and 
water quality and quantity regulation (e.g., storing fresh water that is slowly 
released to the downstream river network within the Severn River watershed), 
as supported by studies of similar undisturbed peatlands in other parts of the 
HBL (e.g., Humphreys et al. 2014), model projections (Qiu et al. 2020) and 
regional assessments (e.g., WWF 2020). Due to the size of the peatlands and 
their carbon storage within the Fawn River IPA, their contribution to global 
climate regulation is very important, particularly as these peatlands remain 
mostly undisturbed. 

Supporting services are the living spaces for plants and animals and the 
ecosystem processes that sustain the ecosystem (e.g., soil formation, nutrient 
storage and cycling). The process of forming peat soils, and the unique habitat 
for plants and wildlife that this process creates, are supporting services provid-
ed by peatlands. Intact and undisturbed peatlands within the Fawn River IPA 
provide optimal habitat for a range of plant and animal species. The ecological 
significance of the habitat within the Fawn River IPA, particularly as climate 
change refugia (Stralberg et al. 2020), is further enhanced by the uninterrupted 
connection to peatlands, lakes and rivers within the larger HBL landscape. 

Blueberry (Vaccinium 
myrtilloides) (Credit: Lorna 
I. Harris/WCS Canada)

Figure 8. Lichen-covered permafrost peat plateaus surrounded by water tracks 
(or channel fens) in the northern part of the Fawn River IPA. Bright green patches 
represent new growth of Sphagnum moss in recently formed collapse-scar wetlands 
(or thermokarst bogs) where permafrost has thawed. Orange-brown areas represent 
areas that thawed a few hundred years ago or more, and where peat has slowly built 
up again following thaw. Data source: Zoom Earth Imagery.
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Provisioning services are the material benefits provided by an ecosystem 
that may be extracted for human use. For example, peatlands provide fresh 
water sources of drinking water, support fisheries and provide plants that may 
be used as food and medicine. In their current mostly undisturbed state, peat-
lands within the Fawn River IPA continue to store fresh water and may also 
provide medicines and food such as berries for local communities (Karst 2010).

Conserving the full range of ecosystem services provided by peatlands with-
in the Fawn River IPA is possible with careful land-use planning that takes into 
consideration the broader context and the interconnected nature of the region 
in which the Fawn River IPA is embedded. Each ecosystem service provided by 
peatlands within the IPA area depends on maintaining the overall function of 
the peatlands – in both headwater areas and downstream – so that all ecosystem 
processes may operate within their optimal range. Healthy peatlands are also 
more resilient to environmental change (e.g., climate change), continuing to 
provide the full range of ecosystem services even when under slight stress (e.g., 
due to long-term variable weather patterns)(Belyea & Baird 2006).

4.  Threats
Climate change
If left undisturbed, non-permafrost peatlands in the Hudson Bay Lowlandss, 
including the Fawn River Indigenous Protected Area, are likely to continue 
effectively removing CO2 from the atmosphere and storing this carbon in 
all but the worst climate-warming scenarios (McLaughlin & Webster 2014, 
McLaughlin et al. 2018, Qiu et al. 2020). However, permafrost peatlands in 
the region may experience more rapid thaw, potentially releasing large amounts 
of carbon to the atmosphere (McLaughlin & Webster 2014, Hugelius et al. 
2020). Mean annual temperatures in the HBL are projected to increase by 2.5 
and 8°C (McKenney et al. 2010), with potentially significant consequences for 
permafrost peatlands and their stored carbon, both in the HBL and the pro-
posed Fawn River IPA. Changes in land cover due to permafrost thaw (Figure 
7, Figure 8) may also alter drainage pathways, which could negatively affect 
downstream water quantity and quality (e.g., Quinton et al. 2011).

Wildfire
While the risk of wildfire in the wet landscape of the HBL and northern part of 
the Fawn River IPA is low (fire return interval ~600-1,000 years), prolonged dry 
periods associated with future climate warming may increase this risk, particu-
larly for drier permafrost plateaus and non-permafrost bogs with greater black 
spruce cover (Balshi et al. 2009,  Riley 2011, McLaughlin & Webster 2014, 
Wang et al. 2017b). The risk of wildfire in the southern part of the proposed 
Fawn River IPA, located on the Precambrian Shield (Ontario Shield Ecozone), 
is greater than the HBL although still smaller than forests further south (Crins 
et al. 2009, Coops et al. 2018). The fire return interval for the Ontario Shield 
in the west is estimated at ~140 years (Coops et al. 2018).

In both the HBL and Ontario Shield portions of the Fawn River IPA, drier 
peatlands are generally at greater risk of ignition and are more vulnerable to 

Arctic raspberry (Rubus 
arcticus) (Credit: Lorna I. 
Harris/WCS Canada)
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prolonged peat smouldering, with potentially large losses of carbon (Turetsky 
et al. 2011). Changes in surface vegetation following wildfire, including the loss 
of trees and shrubs, also impacts wildlife habitat and available food sources 
(lichens and berries) in peatlands (e.g., Dalerum et al. 2007, Wieder et al. 2009). 
Downstream water quality may also be negatively impacted by wildfires in 
peatlands, with short-term and potentially long-term post-fire increases in sedi-
ments, nutrients and waterborne carbon (e.g., Emmerton et al. 2020).  

Maps of fire disturbance show large areas to the south of the Fawn River 
IPA (within the Ontario Shield Ecozone) have been burned, from the 1960s 
through to present, but more northern regions (within the HBL) remain mostly 
unaffected by fire (Figure 9). Fire disturbance areas within the Fawn River IPA 
itself are also constrained to the southern region and are smaller than most 
burned areas outside the IPA, with only a few small areas within the IPA that 
have burned in the past 20 years. 

Current and future land use
Peatlands within the proposed Fawn River IPA remain mostly intact, with rela-
tively limited industrial development and human footprint (e.g., roads, settle-
ments) located entirely in the southern portion of the IPA (Figure 5a). However, 
peatlands within and surrounding the Fawn River IPA are at significant risk of 

Fire disturbance 

areas within the 

Fawn River IPA 

itself are also 

constrained to the 

southern region 

and are smaller 

than most burned 

areas outside the 

IPA, with only a 

few small areas 

within the IPA 

that have burned 

in the past 20 

years. 

Figure 9. Areas within and surrounding the Fawn River Indigenous Protected Area 
that have been impacted by fire. Data source: Land Information Ontario 2020.
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disturbance from mineral exploration activities and by future mining develop-
ments and associated infrastructure (Figure 10a). A major mining development 
for world-class mineral deposits (e.g., chromite), termed the Ring of Fire, has 
been proposed for an area of the HBL (Chong 2014), around 60 km east of 
Webequie First Nation (Figure 10b). The large area of mineral claims has been 
expected to undergo a Regional Assessment (Government of Canada 2020b), 
along with ongoing road projects being assessed by Canada and Ontario as pro-
posed access roads to the mineral deposits as well as communities (Government 
of Canada 2020c). Although the proposed development is not within the Fawn 
River IPA, the creation of access roads (all-season and winter) and other sig-
nificant infrastructure in the region places the peatlands of the Fawn River IPA 
and interconnected rivers and lakes at significant risk of future development. 

For open-pit mining, the entire surface peat is removed to reach underlying 
rock and mineral deposits, resulting in the complete loss of the peatland and 
its value as a carbon store, wildlife habitat and as a food source. Access roads 
for mining developments may cut through or be laid on top of the peatland (as 
floating roads or on top of permafrost), but in both situations the construction 
of the road changes the flow of water within the peatland, resulting in either 
flooding or drying on one side of the road (Plach et al. 2017, Williams-Mounsey 
et al. 2021). 

These changes to peatland vegetation and water storage and flow caused by 
land-use change and infrastructure development, significantly affect the carbon 
stored within the peat soils. Drier surface conditions and lower water tables 
expose previously saturated peat to increased aerobic decomposition and car-
bon release to the atmosphere as CO2, while also reducing plant productivity 
and the amount of carbon removed from the atmosphere (Harris et al. 2020b). 
If the peatland surface is flooded above normal levels, more carbon may be 
released as methane (CH4)(Saraswati & Strack 2019). In permafrost peatlands, 

Figure 10. a) Operational mining claims within and surrounding the Fawn River IPA (current as of December 2020) 
and b) location of the Ring of Fire mineral deposit near Webequie. Data source: Mining Lands Administration 
System - Ontario Ministry of Energy, Northern Development and Mines 2020.
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A road for a mining development cutting through a 
peatland in the HBL. (Credit: Lorna I. Harris/WCS 
Canada)

roads placed on the surface of the permafrost and including vegetation clearance 
for winter roads or other infrastructure, increase the potential for more rapid 
permafrost thaw (Williams et al. 2013). As permafrost thaws, carbon release to 
the atmosphere occurs as CO2 and methane and there may also be increased 
loss of waterborne carbon in a recently thawed, wetter landscape (Figure 7).

Studies of peatlands in other parts of the HBL highlight the importance of 
the hydrological connection within and between peatlands and the wider land-
scape for peatland development (e.g., Glaser et al. 2004b, Harris et al. 2020a), 
which, in turn, influences downstream water quantity and quality. The removal 
of peatlands for open-pit mining reduces the storage capacity for clean fresh 
water within the watershed, with changes to flow quantity and/or water quality 
downstream. Increased waterborne carbon, nutrients 
and contaminants in streams and rivers draining dis-
turbed peatlands are likely (Gibson et al. 2009), with 
potentially negative impacts on fisheries and human 
health (Lescord et al. 2020). 

Peatlands are also natural sources of bioaccumulat-
ing and highly toxic methylmercury to surface waters 
(Branfireun & Roulet 2002, Mitchell et al. 2008). 
However, production and release of methylmercury to 
connected watercourses may be increased in peatlands 
that are disturbed for mining and infrastructure devel-
opment (Braaten & de Wit 2016, Wasiuta et al. 2019), 
with possibly severe consequences for downstream 
fisheries and human health (UNEP 2013, Lescord et al. 
2019). For example, methylmercury production may 
increase in peatlands that are flooded as a result of road 

development or other infrastructure (St. Louis et al. 2004). Mining activities 
may also increase mercury deposition in surrounding peatlands, which may 
increase the source potential for methylmercury production (Kirk et al. 2014).

Invasive species
Similar to the larger HBL region, most peatlands within the Fawn River IPA 
are likely unaffected by invasive species, either introduced through human land 
use such as roads, or moving north due to a northwards shift in environments 
due to climate change (Far North Science Advisory Panel 2010). However, land 
cover change in peatlands, particularly for economic development and associ-
ated infrastructure, provides the ideal conditions for opportunistic and poten-
tially invasive plant and animal species to establish (Dub et al. 2011, Kent et al. 
2018). For example, in disturbed peatlands, fast-growing non-peatland plants 
or other wetland plants (e.g., bulrush – Typha latifolia) may establish and domi-
nate on an open soil surface or in changed hydrological conditions (Bourgeois et 
al. 2012). Changes in vegetation cover in peatlands may then impact available 
food sources and habitat for wildlife. Invasive plant species may be introduced 
as seed or plant fragments on vehicles or equipment and spread from the infra-
structure footprint to adjacent peatland areas and beyond (Jodoin et al. 2007, 
Dub et al. 2011). 
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Contaminants and pollution
The risk of contaminants and pollution from existing infrastructure impacting 
peatlands within the Fawn River IPA is likely to be low, particularly as few set-
tlements and roads are located in the southern part of the proposed IPA (Figure 
5a). Risks associated with existing infrastructure include oil spills from vehicles, 
vehicles and/or equipment falling into adjacent peatlands and potential changes 
to air quality (e.g., dust from roads, vehicle emissions). However, if mining and 
infrastructure development close to and within the Fawn River IPA were to 
increase, the risk of contaminants and other pollution impacting peatlands may 
be significant, as vehicle numbers increase and with more frequent transport of 

heavy equipment. For example, increased deposition of 
mercury due to mining activity is possible, which would 
increase the potential for methylmercury production in 
peatlands and release to downstream rivers and lakes 
(Kirk et al. 2014). 

Dust and heavy metals from vehicles on all-season 
roads and mining operations can also travel and settle on 
vegetation and in waterbodies far from the point source, 
with the dust plumes and disturbances also impacting 
wildlife and First Nations communities (Santelmann & 
Gorham 1988, Myers-Smith et al. 2006). The ecotoxi-
cological effects of the materials (e.g., plastic tracks and 
sheeting) used to build roads on or through peatlands 
are also unknown (Williams-Mounsey et al. 2021). It is 
also possible that mining developments may propose to 
use peatlands to polish treated wastewater (McCarter 
et al. 2017), although the long-term effects on peatland 
vegetation and processes that control carbon cycling 
remain uncertain (e.g., Lavallee 2017).

Interactive and cumulative effects
Most undisturbed peatlands are resilient to environ-
mental change (Belyea & Baird 2006). When disturbed, 
however, peatland vegetation and hydrology (flooding 
or drainage) may be significantly changed, and the abil-
ity of peatlands to remove CO2 from the atmosphere 
and to accumulate carbon in peat soils is reduced or lost 
(Harris et al. 2020b). Peatlands that are affected by one 
stressor are also more vulnerable to other stressors, with 
the combined effects causing more rapid or increased 

carbon loss. For example, changes to peatland vegetation and hydrology due 
to global climate warming may increase the risk from other stressors, includ-
ing wildfire and invasive species. Peatlands that are drained for mining and 
infrastructure development are at greater risk of fire ignition, severe wildfire 
and prolonged peat smouldering (Turetsky et al. 2011, Granath et al. 2016). 

Top: A mining access road made from local limestone 
cutting through a peatland in the HBL. Bottom: A 
drained peatland near a mine in the HBL. The dry 
conditions have reduced the cover of Sphagnum 
moss on the surface of raised hummocks and former 
peatland pools now have a bare peat surface. (Credit: 
Lorna I. Harris/WCS Canada)
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Loss of peatland vegetation due to wildfire can, in turn, lead to a greater risk 
of invasive species introduced via roads and other infrastructure. Downstream 
changes to river water quality (e.g., increased nutrients and metals) in areas 
with burned peatlands are also likely, with consequences for wildlife and fisher-
ies (Emmerton et al. 2020).

All peatlands within the Fawn River IPA will be affected to a certain extent 
by climate warming, but the effects are likely to be limited if the peatlands 
remain intact and undisturbed (Qiu et al. 2020). Permafrost peatlands in the 
Fawn River IPA are at high risk of thaw and subsequent land cover change 
due to climate warming, but additional disturbance through infrastructure 
development (e.g., roads and other linear disturbances) is likely to accelerate 
this process (Williams et al. 2013). Wildfire is also likely to cause more rapid 
thaw (Gibson et al. 2018). Permafrost thaw may also increase the availability 
of mercury stored in permafrost peatlands for the production of methylmercury, 
which is more likely to reach downstream rivers and lakes in a wetter and more 
hydrologically connected landscape (Gordon et al. 2016). 

5.  Recommendations
Protection
Peatlands within and surrounding the proposed Fawn 
River IPA are of global importance for climate regula-
tion. If Canada is to meet global targets for net-zero 
carbon emissions by 2050 as set out in the Paris Climate 
Agreement (Government of Canada 2016), from a scien-
tific perspective it is critical that these peatlands continue 
to remove CO2 from the atmosphere and that their long-
term carbon storage remains undisturbed.  

Peatlands within this region have been identified as a 
hotspot within Canada for many other essential ecosys-
tem services, including freshwater storage and supply to 
an extensive downstream river network, wildlife habitat 
and cultural services. Protecting peatlands within a wider landscape setting of 
mostly intact boreal forest will ensure they continue to provide multiple benefits 
for current and future generations of First Nations, Ontarians and Canadians. 

Policies that recognize Kitchenuhmaykoosib Inninuwug’s jurisdiction and 
approach to protection should also confer provincial and federal protections 
together with policies and regulations about avoided conversion of peatlands, 
both within the Fawn River IPA and the broader regional context in which the 
IPA is embedded. These policies should be co-created with KI and other First 
Nations.  

Cloudberry (Rubus chamaemorus) (Credit: Lorna I. 
Harris/WCS Canada)

https://www.canada.ca/en/environment-climate-change/services/climate-change/paris-agreement.html
https://www.canada.ca/en/environment-climate-change/services/climate-change/paris-agreement.html
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Research and monitoring
Scientific studies of peatlands within the HBL are limited and even more so for 
the proposed IPA. The lack of publicly available scientific data for the Fawn 
River IPA means the scientific status of the peatlands, and potential impacts of 

current and future disturbances, are uncertain. Studies 
of peatlands within the larger HBL landscape (e.g., 
Humphreys et al. 2011, McCarter et al. 2017, Harris et 
al. 2020a, Harris et al. 2020b) are likely to be relevant 
to peatlands within the Fawn River IPA, but further 
research and monitoring of peatlands within the IPA is 
needed to understand the range of ecosystem services 
and their interactions. 

Studies of permafrost peatlands within the proposed 
IPA, to determine potential for permafrost thaw and 
future land cover change, would be particularly useful 
as thaw will not only impact carbon storage, but also 
drainage networks and the quantity and quality of water 
reaching downstream ecosystems. If development of 
infrastructure for mining, forestry or other works are 
proposed within the IPA, or in the areas surrounding 
the IPA (i.e., areas with a hydrological connection to 
peatlands and rivers in the IPA), then further research 
and data collection for baseline conditions (including 
detailed mapping of different peatland types), surveys 
and analysis of peat-carbon cycling, surveys of peatland 
connection to the wider river network, and extensive 
monitoring (including long-term data collection), will be 
required to avoid and reduce impacts to the peatlands 
to ensure they continue to provide critical ecosystem 
services.  

Research and monitoring projects begin with the 
free, prior and informed consent of Kitchenuhmaykoosib 

Inninuwug and other First Nations and should be co-created. Projects should 
consider First Nations values and interests through equitable community-based 
research and monitoring to understand the current condition and changes 
across the peatlands within the Fawn River IPA (Johnson et al. 2015, McKay 
& Johnson 2017).

Top, Peatlands in the Attawapiskat River area of the 
HBL. Bottom, A raised wooden boardwalk used for 
peatland research and monitoring. (Credit: Lorna I. 
Harris/WCS Canada)
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