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Abstract
Dinerstein et al. present a spatially explicit global framework for protected areas needed to reverse
catastrophic biodiversity losses and stabilize climate. The Province of Ontario (Canada) stands out
in this “Global Safety Net (GSN)” as a critical jurisdiction for meeting those goals, because of both
the large extent of roadless lands and high carbon storage in terrestrial ecosystems. Simultaneously,
pressure is increasing to develop unmanaged lands in Ontario, particularly in the Far North, for
resource extraction. Here, we extract data from the GSN to identify and calculate the areal extent of
target regions present in Ontario and critically review the results in terms of accuracy and implica-
tions for conservation. We show that when region-specific data are incorporated, Ontario is even
more significant than what is shown in the GSN, especially in terms of carbon stocks in forested
and open peatlands. Additionally, the biodiversity metrics used in the GSN only partially capture
opportunities for conservation in Ontario, and the officially recognized extent of Indigenous lands
vastly underestimates the role of First Nations in conservation. Despite these limitations, our analyses
indicate that Ontario plays an outsized role in terms of its potential to impact the trajectories both of
biodiversity and climate globally.

Key words: conservation planning, Indigenous-led conservation, carbon stocks, irrecoverable carbon,
natural climate solutions, protected areas

Introduction
The Global Safety Net (GSN) is a framework specifying terrestrial regions across the globe that must
be protected to simultaneously prevent carbon losses from land use in support of the UNFCCC Paris
Agreement aiming to limit warming to no more than 1.5–2.0 °C and to prevent further catastrophic
biodiversity losses (Dinerstein et al. 2020). The GSN is one implementation of the “half-earth”
philosophy (Wilson 2016), which holds that 50% of Earth’s land surface must be protected to ensure
the viability of remaining species (Dinerstein et al. 2019). The GSN initially identifies targets for
protection based on four sequential criteria relating to biodiversity: (i) species rarity, (ii) turnover or
beta diversity, (iii) the presence of rare ecological phenomena (landscapes containing large
mammals), and (iv) intactness. The GSN then identifies “Tier 1” climate stabilization areas with
carbon contents (mass per unit area) above the median for the sum of above- and below-ground plant
biomass, and soil carbon, in global terrestrial ecoregions (215 metric tons of carbon per hectare,
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hereafter “t/ha”). The GSN builds upon the previous framework of Dinerstein et al. (2019), as well as
Soto-Navarro et al. (2020), and identifies target lands for protection that are non-agricultural and
have a low density of human settlement. The GSN also highlights the congruence of target regions
with existing protected areas and Indigenous managed lands, which corroborates several other
analyses that show the outsized role Indigenous communities have had in protecting vital ecosystem
functions including carbon sequestration and biodiversity (O’Bryan et al. 2021; Schuster et al. 2019;
Townsend et al. 2020).

In Canada, there is a high demand to protect terrestrial and marine areas of ecological or cultural
importance. At the end of 2021, Canada had conserved ∼14% of terrestrial areas (land and
freshwater) and ∼14% of marine areas and now aims to increase that to 25% of land and 25% of
oceans by 2025, and 30% of each by 2030 (Environment and Climate Change Canada 2021). The
global maps resulting from the GSN analysis (Dinerstein et al. 2020) indicate that large areas of the
Province of Ontario in Canada are highly significant. While it has long been known that Ontario’s
boreal and northern peatlands are important globally in terms of carbon stocks and climate stabiliza-
tion (Harris et al. 2021; Holmquist and MacDonald 2014; Packalen et al. 2014; Söthe et al. 2022;
Tarnocai et al. 2011), as well as biodiversity (Abraham et al. 2011; Far North Science Advisory
Panel 2010; Southee et al. 2021), the GSN strongly highlights the overlap between the areas classified
as important in terms of carbon stocks and the biodiversity criteria. Overlays of existing protected
areas show that most of the high priority areas highlighted for Ontario are not formally protected
from anthropogenic impacts, suggesting an urgent need for increased awareness of the great impor-
tance of Ontario’s lands in mitigating the global crises of climate change and catastrophic biodiversity
losses. This is especially critical given the high pressures that currently exist in Ontario for developing
unprotected areas, especially those in the Far North which are being contested for resource extraction.
Furthermore, large areas of Ontario’s Far North are traditional lands of Mushkegowuk Cree and
Anishinaabe Nations included in the James Bay Treaty Lands subject to Treaty No. 9 (Long 2010).
Yet, much of these traditional lands (Native Land Digital 2022) are subject to ongoing land use, land
claims, and negotiations for treaty rights, and the “Indigenous lands”mapped for Ontario and Canada
more broadly (e.g., Garnett et al. (2018)) only include those officially recognized by the Government
of Canada (Natural Resources Canada 2017). The large discrepancy between the extent of formally
recognized Indigenous lands and lands that are actually used and are part of traditional territories
limits recognition of the significance of past and present management and conservation efforts by
Ontario’s First Nations (Artelle et al. 2019).

While there are important regions across all of Ontario in terms of carbon stocks and biodiversity, the
Far North of the province stands out as particularly significant in the GSN and other global-scale
analyses (Soto-Navarro et al. 2020), because of both enormous peatland carbon stocks and roadless
areas providing significant wildlife habitat. However, the northern part of Ontario is considered
“unmanaged” due to a lack of formal land-use plans, and the extent of formally recognized protected
areas is limited (Fig. 1). Although Ontario’s Far North Act enacted in 2010 specified the need to
preserve soil carbon stocks and capacity for carbon sequestration in land-use planning decisions,
pressures to accelerate road development, mining, and hydroelectric infrastructure in northern
Ontario are continuing to intensify. These development proposals have been politically contentious,
and the First Nations Chiefs of the Mushkegowuk Council released a statement in 2021 calling for a
moratorium on development in the Far North until comprehensive studies are available on the
impacts to wetlands if development proceeds, particularly in terms of existing carbon stocks and
potential for uptake (Baiguzhiyeva 2021).

The GSN is a “top-down” effort to provide objective criteria for prioritizing lands for protection and is
intended as a dynamic tool to support land-use planning at national or subnational scales
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(Dinerstein et al. 2020). With the goal of contributing to the discussion on expanding protection and
protected areas in Ontario, we aim here to (i) highlight the areas identified in the GSN as targets for
protection in Ontario, (ii) critically analyze the data for Ontario used to delineate these targets in

Fig. 1. Existing protected areas, officially recognized Indigenous lands, and additional areas in the Province of Ontario selected in the Global Safety Net (GSN)
(Dinerstein et al. 2020) for biodiversity conservation priorities. Following the GSN methodology, each layer is added sequentially with no overlap in the same
order as shown in Table 1. As a result, an area may conform to multiple biodiversity criteria but will only be shown associated with the layer that was mapped
first. Small areas selected in the GSN for species rarity on the Hudson and James Bay coasts are not shown. Source for Indigenous Lands shapefile:
Natural Resources Canada (2017). The map is drawn using the GCS North American 1983 Geographic Coordinate System, the NAD83 datum, and the Great
Lakes and St Lawrence Albers Projection.
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the analyses of Dinerstein et al. (2020), (iii) highlight data needs for assessing the capacity for climate
stabilization and biodiversity conservation in Ontario, and (iv) comment on applicability of GSN
criteria to conservation planning for Ontario.

Methods: Data handling and mapping

GSN Data
We extracted the eight available layers from the GSN database (Dinerstein et al. 2020). Each GSN
layer was uploaded into ArcMap V.10.7 (ESRI, Inc.) and clipped to the shapefile for the Province of
Ontario (Government of Ontario GeoHub 2021) using the ArcMap geoprocessing clip function. We
exported attribute data including spatial extent (km2) for each layer clipped to Ontario for analysis.

Biodiversity
Dinerstein et al. (2020) first consider biodiversity target areas, using 11 previously compiled datasets
to establish four distinct layers related to the following biodiversity criteria for the GSN: rarity,
turnover or beta diversity, rare phenomena (large mammal landscapes), and intactness (Table 1).
If the original data sources were already in polygon format, then Dinerstein et al. (2020) retained
the polygon structure in the GSN. If the original biodiversity data were in a raster format,
Dinerstein et al. (2020) used geoprocessing methods to create polygons containing cells that conform
to a set of specifications. In this study, we extracted the four biodiversity layers for the Province of
Ontario; the GSN database structure is sequential and non-overlapping.

Table 1. Summary of biodiversity criteria and data sources used in the GSN (Dinerstein et al. 2020).

GSN
biodiversity
criterion Definition Data sources

Rarity Species with restricted ranges and (or) low
population densities. Datasets focus on vertebrate
animals, particularly mammals, birds and
amphibians, and land plant species that are
part of the integrated Botanical Information and
Ecology Network (BIEN)

Endangered species (IUCN, 2022)

Rare vertebrate species: (Hill et al.
2019; Pimm et al. 2018)

Key Biodiversity Areas (2021)

Rare plant species (Enquist et al. 2019)

Zero Extinction: zeroextinction.org/

Turnover/
beta-diversity

Turnover in community composition over
environmental gradients

Biodiversity hotspots (Myers, 2003)

Ecoregions with high beta-diversity
(Dinerstein et al. 2017)

Rare
phenomena

Large mammals (>20 kg) Remaining intact large terrestrial
mammal assemblages (Morrison et al.
2007)

Intactness “Wilderness Areas” are defined as the largest
polygons within each ecoregion with the lowest
10% of values from the Human Influence
Index (HII)

The “Last of the Wild” dataset includes the largest
intact polygons that comprise the lowest 10% of
values from the HII index globally

Wilderness Areas Dataset (Plumptre
et al. 2019)

Last of the Wild Dataset (Venter et al.
2016)
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Climate stabilization through terrestrial carbon stocks
Dinerstein et al. (2020) estimated carbon stocks for the GSN from satellite-derived rasterized global
maps of carbon contents (mass of carbon per unit area) for above- and below-ground plant biomass
(Spawn and Gibbs, 2020). Dinerstein et al. (2020) also incorporated soil organic C contents into these
estimates using the Global SoilGrids database (Hengl et al. 2017). SoilGrids uses ground data and
machine learning to predict key soil properties including bulk density and carbon content (% of dry
mass) at standard depths up to 200 cm, for a global grid at 250-m resolution. In Dinerstein et al.
(2020), areal soil organic carbon stocks (mass of C per unit area) are estimated using SoilGrids, but
only to a depth of 30 cm due to large uncertainties in greater soil depths (Hengl et al. 2017;
Soto-Navarro et al. 2020).

In the GSN, Dinerstein et al. (2020) overlaid high carbon storage areas with terrestrial ecoregion and
biodiversity polygons to determine areas of overlap providing co-benefits of biodiversity and high
carbon storage. Dinerstein et al. (2020) extracted carbon stocks for each grid cell (300 × 300 m) and
subsequently computed a median C stock value for each of the terrestrial ecoregions and biodiversity
polygons (Tables 2 and 3). Next, Dinerstein et al. (2020) identified areas that do not overlap with
biodiversity layers or with existing protected areas but comprise high carbon storage and are needed
to reach the GSN goal of 50% land protection in the terrestrial realm. They then created an additional
layer to represent these non-overlapping areas that contain high carbon stocks, categorizing high
carbon storage areas as “Tier 1” (>215 t/ha of carbon) or “Tier 2” (50–215 t/ha of carbon). In this
study, we extracted GSN carbon stock estimates for Ontario ecoregions (defined by the framework
of Olson et al. (2001)) and compared and critically assessed these estimates with other available data
(Söthe et al. 2022; Tarnocai et al. 2011).

Table 2. Areal extent of GSN layers in comparison to global, Canada and Ontario surface areas (km2). Data were extracted from Dinerstein et al. (2020;
globalsafetynet.app/).

GSN data layer

Area in the global
terrestrial land surface,

km2 (% of total)

Area in Canada,
km2 (% of Canada’s
land surface area)

Area in Ontario,
km2 (% of Ontario
land surface area)

Proportion of Ontario
(%) land surface in
global estimates

Proportion of Ontario
(%) land surface in
Canadian estimates

Existing terrestrial protected
areas

20,210,878 (15%) 1,099,380 (11%) 107,786 (11%) 0.53 9.8

Additional GSN areas for
species rarity

3,047,787 (2.3%) 33,320 (0.30%) 725 (<0.001%) 0.024 2.2

Additional GSN areas for
distinct species assemblages
(beta-diversity)

8,072,308 (6%) 0 0 0 0

Additional GSN areas for the
rare phenomenon of large
mammal landscapes

8,414,171 (6.3%) 3,017,810 (30%) 198,722 (20%) 2.4 6.6

Additional GSN areas for
intact wilderness

21,515,364 (16%) 3,693,990 (37%) 546,438 (55%) 2.5 15

Total biodiversity area 41,049,630 (31%) 6,745,120 (68%) 745,884 (75%) 1.8 11

Total area with carbon
stocks>215 t/ha

52,598,352 (39%) 7,088,453 (71%) 773,785 (78%) 1.5 11

Note: The biodiversity layers are mapped sequentially in the order presented below; any overlap between a new biodiversity data layer and a previous layer is removed to avoid double
counting. Canada’s land surface area (9,916,540 km2) was taken from the GSN data appendix (Dinerstein et al. 2020), and Ontario’s land surface area (989,094 km2) was taken from
Statistics Canada (2011).
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Indigenous lands and existing protected areas
Dinerstein et al. (2020) mapped Indigenous lands using the dataset of Garnett et al. (2018) and
mapped existing protected areas using the World Database of Protected Areas (WDPA 2018) in the
GSN. The dataset used to specify Indigenous lands for Canada in Garnett et al. (2018) includes only
surrendered lands, reserves, and settled land claims (Natural Resources Canada 2017). In our study,
we extracted Indigenous lands and protected areas for Ontario from the GSN and considered how
these compare to larger areas corresponding to traditional lands of Indigenous Nations (Native
Land Digital 2022).

Results
Fifty of the 846 global terrestrial ecoregions (Olson et al. 2001) and 20 countries, including Canada,
which is the second largest country in the world by land area, contribute disproportionately to the
additional lands proposed for protection in the GSN framework (Dinerstein et al. 2020). In Ontario,
the majority of the province’s land surface (78%) (Table 2) meets the threshold for climate stabiliza-
tion because of carbon content far exceeding the median value of 215 t/ha for the 846 global terrestrial
ecoregions. Further, the majority of the province’s land surface (75%) also meets the criteria for
intactness and the rare ecological phenomenon of large mammal landscapes with the northern half
of Ontario standing out as strongly significant for these criteria. The proportion of the total global
area identified in the GSN for biodiversity located in Ontario (1.8%) is more than double that of
Ontario’s proportion of land surface area relative to the global total (0.8%). Across the province,
96% of the area identified for climate stabilization overlaps with the lands highlighted by the biodiver-
sity criteria. These lands also correspond to the largest carbon stocks in the province and thus offer

Table 3. Comparisons of estimated carbon masses per unit area (t/ha) for ecoregions of Ontario.

Ecoregion of Ontario

Median total carbon
content (t/ha)
specified in the

GSNa,c

Range of soil organic
carbon content in

peatlands only (t/ha)
(Tarnocai et al. 2011)b

Mean above- and
below-ground carbon
content in plants (t/ha)
(Söthe et al. 2022)c

Mean total soil
carbon content

(t/ha), to 1 m depth
(Söthe et al. 2022)c

Mean total soil
carbon content

(t/ha), to 2 m depth
(Söthe et al. 2022)c

Northern Ontario ecoregions

Southern Hudson Bay Taiga 1586 1000–1600 31.5 1045 2072

Central Canadian Shield forests 412 1000–2000 52.1 585 1138

Midwestern Canadian Shield
forests

570 1600–2500+ 52.2 663 1292

Central-Southern Ontario ecoregions

Western Great Lakes Forests 271 1800–2000 61.2 199 306

Eastern Forest boreal
Transition

353 Not estimated 64.4 236 396

Eastern Great Lakes Lowland
forests

253 Not estimated 14.9 233 405

Southern Great Lakes Forests Not estimated (<50) Not estimated 13.4 211 357

aComposite of above-, below-ground plants and soil estimates derived from Hengl et al. (2017) and Spawn and Gibbs (2020). Ecoregions are defined following the Terrestrial
Ecosystems of the World Map of Olson et al. (2001).
bThese estimates are for peatlands only. Only a portion of each ecoregion is defined as peatland. These peatland soil carbon stock estimates include the whole peat profile down to
mineral substrate (Tarnocai et al. 2011).
cMedian/means for the whole of each ecoregion, including peatlands and non-peatlands.
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enormous potential, if adequately and ethically protected, to address climate stabilization and biodi-
versity conservation.

Key findings on biodiversity
Intactness is the criterion driving the largest land areas specified for protection under the GSN
globally (Table 2); the largest areas meeting the specified criteria for “intactness” are in the circum-
boreal regions of Canada and Russia, and they often lack formal protection (Dinerstein et al. 2020).
Ontario particularly stands out in the “intactness” criterion, which covers 55% of its land surface
and is a markedly higher proportion than for Canada as a whole (37%) (Table 2). The regions scoring
high on “intactness” also often overlap with ranges of large mammals, which is captured in the GSN
criterion of rare ecological phenomena. Canada ranks second after Russia in the list of countries with
highest potential for meeting GSN targets by adding new protections on lands scoring high on
“intactness” and rare ecological phenomena. This latter criterion refers solely in the GSN to land-
scapes associated with ranges of large mammals (defined as > 20 kg in body mass). In Ontario, this
includes several mammals of interest for conservation or management such as wolves (Canis lupus),
caribou (Rangifer tarandus), polar bear (Ursus maritimus), moose (Alces alces), or wolverine (Gulo
gulo) (Abraham et al. 2011; Dobbyn 1994; Far North Science Advisory Panel 2010).

Of the four biodiversity criteria used in the GSN, species rarity resulted in the smallest specified land
area globally (Table 2; Dinerstein et al. 2020). This is mirrored in the results for Canada, which
accounts for about 1% of global land areas specified using this criterion. Of Canada’s total land areas
identified as important for the species rarity criterion, 2.2% are in Ontario (Table 2). In the GSN
analyses, these are mainly associated with essential polar bear and caribou habitat; both are consid-
ered vulnerable mammals on the IUCN Red List (IUCN 2022). The areas identified in the GSN in
Ontario for the species rarity criterion appear to be derived from coastal areas in Ontario’s Far
North specified in the Key Biodiversity Areas (KBA) dataset, including Niskibi Cape, Severn River
Coastline, Akimiski Strait, Big Piskwanish Point, Longridge Point, and Hannah Bay (Key
Biodiversity Areas 2021). These areas include calving ground on the James and Hudson Bay coasts
for woodland caribou, the Pen Islands which hold 30–40% of Ontario’s summering polar bear popu-
lation, and essential migratory shorebird stopover sites (Abraham et al. 2011; Key Biodiversity Areas
2021; Macdonald et al. 2021). Lastly, the beta diversity (species turnover) criterion resulted in the
specification of 6% of global land areas but did not result in any specified areas in Ontario (Table 2).

Key findings on carbon
The GSN analysis corroborates many other studies indicating that Canada’s lands contain globally
significant carbon stocks (i.e., Packalen et al. 2014; Söthe et al. 2022). In Ontario, 96% of the areas that
are identified as important for biodiversity are also identified in the GSN as Tier 1 climate stabiliza-
tion areas storing>215 t/ha of carbon. Moreover, most of Ontario is considered a high carbon storage
area in the GSN (categorized as “Tier 1” i.e., >215 t/ha) with the highest carbon contents per unit area
located in the northern half of the province (Fig. 2). Northern Ontario ecoregions include the Hudson
Bay Lowlands taiga, Midwestern Canadian Shield, and Central Canadian Shield forest Ecoregions; all
are associated with the highest median carbon stock values for Ontario in the GSN framework (Fig. 2;
Table 3). The Hudson Bay Lowlands taiga ranks fourth in the world using these data sources for
estimated total carbon stock (behind the East/West Siberian and Russian Taiga Ecoregions).

For northern Ontario ecoregions, the total carbon stock is primarily composed of soil carbon
(Scharlemann et al. 2014). The significance of soil carbon stocks in northern boreal ecosystems in
Ontario has also been shown in the national peatland inventory for Canada (Tarnocai et al. 2011),
recent syntheses (Harris et al. 2021), and predictive total carbon mapping products derived from
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combined field measurements, satellite remote sensing, climate and topographic data, and (or)
machine learning algorithms (McLaughlin and Packalen 2021; Söthe et al. 2022). Using this latter
approach for Ontario, Söthe et al. (2022) estimate carbon stock values for the Hudson Bay
Lowlands taiga ecoregion that are similar to those specified in the GSN but markedly higher values
for the remaining northern Ontario ecoregions (Table 3).

Fig. 2. GSN estimates of median carbon stocks (Dinerstein et al. 2020), in tons per hectare (t/ha), for selected
Ecoregions of Ontario (Olson et al. 2001). Comparisons with other available estimates of ecoregion carbon stocks
are shown in Table 3. The map is drawn using the GCS North American 1983 Geographic Coordinate System, the
NAD83 datum, and the Great Lakes and St Lawrence Albers Projection.
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Indigenous lands
Globally, 35% of the land area that is specified by the GSN as critical for biodiversity or climate stabi-
lization overlaps with Indigenous lands (Dinerstein et al. 2020). Of the 8,827 km2 Indigenous lands
officially recognized in Ontario (Natural Resources Canada 2017),<0.1% encompass protected areas
while more than half are specified as important for biodiversity conservation and carbon storage by
the GSN. Because the officially recognized Indigenous lands in Canada do not account for unceded
lands and the actual traditional territories that continue to be managed and lived in by Indigenous
people today (Native Land Digital 2022), the GSN values vastly underestimate the overlap between
areas of highest conservation value and Indigenous managed lands in Ontario.

Protected areas
At the time of the publication of the datasets used in the GSN, about 11% of Canada’s land area was
formally protected, with a similar portion in Ontario (Table 2). Since then, some additional protected
areas have been established, bringing the total to approximately 14% (Environment and Climate
Change Canada 2021). The GSN criteria identify >750,000 km2 or 75% of the land surface of
Ontario as part of the proposed global framework for protected areas needed to prevent further
biodiversity losses and stabilize climate.

Discussion
The GSN framework uses broad criteria to identify 50% of global lands to halt catastrophic biodiver-
sity losses and stabilize the climate (Dinerstein et al. 2020). These criteria resulted in the identification
of the majority of Ontario’s land surface as part of the GSN framework to meet the stated targets of
identifying 50% of Earth’s land surface area for enhanced protection. Ontario covers 0.8% of the
global land surface area but represents 1.8% of the lands identified as essential for protection, showing
an outsized role of Ontario in addressing the climate and biodiversity crises. Yet, the GSN framework
as applied to Ontario does not directly contribute to the identification of specific places to prioritize
for protection simply because the general criteria encompass most of the province’s land surface
and are not ideally suited to Ontario.

Although it is unfeasible from political or socio-economic standpoints to establish formally protected
areas across such a large swath of the province, protective measures can still be conferred where
development has or is occurring to limit and manage cumulative impacts. The GSN results for
Ontario strongly underline the enormous significance of the province from these perspectives, and
the extent to which the expansion of protection measures in Ontario will have global benefits for con-
servation and climate stability. The approach used in the GSN also offers an opportunity to critically
evaluate the data used for Ontario and identify gaps that may help inform future decisions on
conservation.

Roadless wilderness
Ontario stands out in the results for its very large portion of lands scoring high on the intactness cri-
terion. These vast and roadless “wilderness” areas cover more than half of the province (Fig. 1) and
provide critical habitat to maintain animal populations, and refugia for threatened species, because
of the excellent habitat connectivity and low rates of fragmentation (Dietz et al. 2021). Globally,
un-fragmented wilderness areas have been in precipitous decline, although many regions of Canada,
including the boreal forests and peatlands in northern Ontario, stand out in several global syntheses
for remaining relatively intact (Humpenöder et al. 2020; Watson et al. 2016). However, the
assumption that there are no substantive threats to the roadless areas of Ontario is no longer valid
due to climate change and many recent proposals for development including mining, hydroelectricity,
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roads, and agriculture (Harris et al. 2021). Furthermore, the “wilderness” narrative undermines the
long-standing presence of First Nations, which have stewarded these lands for thousands of years
and continue to do so today (Youdelis et al. 2020). Ongoing policy discussions on land-use planning
in the “unmanaged” portion of Ontario must include Indigenous rights as well as consideration of the
global ecological significance of this region.

Peatlands and carbon storage
A second key finding from our analysis is that the majority of Ontario is classified using GSN criteria
as important for climate stabilization owing to large carbon stocks in soils and biomass. The GSN data
align with other recent estimates of total carbon stocks by ecoregion (Söthe et al. 2022) in identifying
the Southern Hudson Bay taiga as by far Ontario’s most important region from the perspective of
existing carbon stocks with an order of magnitude greater than the global median (Table 3). This
ecoregion consists of an extensive mostly contiguous peatland with an average peat depth of 2.5 m
(Packalen et al. 2016) and carbon stock of ∼30 Gt (Packalen et al. 2014). Given the vulnerability of
this vast “irrecoverable” soil carbon stock (Harris et al. 2021; Noon et al. 2022) to disturbance, our
analyses of the GSN and related data strongly point to this region as a highest priority for protection.
However, our analyses further show that more region-specific ground data are needed to make
accurate estimates, particularly concerning peatland distributions and depths of organic soils where
the largest carbon stocks are held. While the GSN data capture the importance of the Southern
Hudson Bay taiga in terms of existing carbon stocks reasonably well (Table 3), it significantly under-
estimates stocks in other ecoregions of Ontario. For example, Tarnocai et al. (2011) and, more
recently, Söthe et al. (2022) show the significance of the Mid- and Central Canadian Shield forests
in terms of soil carbon stocks using region-specific field measurements. In the GSN, the soil carbon
stocks in forested and open peatlands of these parts of the boreal biome are underestimated and
inaccurate due to a paucity of field measurements on peat or organic soil depth (Beaulne et al.
2021). Overall, more field measurements are needed to better constrain peatland carbon stocks and
improve existing models of greenhouse gas fluxes for up-scaling peatland carbon budgets to ecoregion
scales (Bona et al. 2020).

In addition to recommending the collection of additional ground data for soil carbon stocks in
northern Ontario ecoregions, particularly forested peatlands, our analysis of GSN framework also
highlights the need to focus on other criteria for identifying protected areas within the extensive
unmanaged lands of northern Ontario. These criteria could include, for example, identification of
areas with both high existing soil carbon stocks and ongoing net carbon sink capacities over short-
and medium-term time frames, areas of hydrologic and biogeochemical connectivity, headwater
regions to prevent downstream effects, or peatland areas with mercury reservoirs that are vulnerable
to methylation (Kirkwood et al. 2021; Mitchell et al. 2008).

Indigenous-led conservation
Globally, an important fraction of the areas targeted in the GSN for protection is Indigenous land
(Dinerstein et al. 2020). However, maps produced by ruling governments often do not reflect what
Indigenous people consider their traditional territories, nor do they reflect management and conser-
vation efforts either ongoing or in the past by Indigenous peoples (Garnett et al. 2018). For example,
the Southern Hudson Bay taiga ecoregion, which is the most significant in Ontario in terms of carbon
stocks, includes the traditional lands of the Omushkego Cree Nations. These nations hold deep
connections and traditional knowledge of these lands, and many also share an interest in conservation
and sustainable management of their traditional lands in northern Ontario to support biodiversity
and climate protection (e.g., Timmins Daily Press 2021). While the datasets of Garnett et al. (2018)
and Dinerstein et al. (2020) do not capture the significant extent of Indigenous-led conservation
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already underway in Canada, our analysis underscores the potential to meet stated goals of reconcilia-
tion and conservation through facilitation of existing and new proposals for Indigenous Protected and
Conserved Areas (IPCAs), which support formal protection of lands long stewarded by Indigenous
people in northern Ontario (Zurba et al. 2019). These include, for example, proposals for IPCAs in
Kah-Pana-Yow Sîpi (North French River Watershed) in northeastern Ontario or on the traditional
lands of the Kitchenuhmaykoosib Inninuwug First Nations in northwestern Ontario (Talaga 2019).
Because of the correspondence between areas of interest for conservation and the traditional lands
of Indigenous people in Ontario and elsewhere, implementation of IPCAs is a necessary approach
to upholding treaty rights and ethically reaching conservation goals (Artelle et al. 2019).

Limitations of GSN
In addition to the limitations specified above, the GSN framework has other constraints in terms of its
applicability to Ontario. Firstly, the GSN focuses on terrestrial biodiversity (mammals and plants) and
does not capture freshwater nor marine ecosystems which are highly significant in Ontario.
Freshwater ecosystems are experiencing high rates of biodiversity loss in many regions, yet they have
more rarely been integrated into conservation planning (Southee et al. 2021). In Ontario, freshwater
fish have high cultural and economic significance, and some iconic species are highly threatened,
resulting in calls for a focus on “freshwaterscapes” in discussion of conservation priorities
(McDermid et al. 2015). In addition, marine environments contain significant large mammals species
(> 20 kg) that could be incorporated into the GSN “rare phenomena” criteria, including the protec-
tion of seal, walrus, and whale populations (Dobbyn 1994). The James and Hudson Bay coasts in
Ontario’s Far North will be subject to a feasibility study for the establishment of a National Marine
Conservation Area (pc.gc.ca/en/amnc-nmca/cnamnc-cnnmca/jamesouest-westernjames) which will
contribute to the protection of marine and coastal species, as well as blue carbon stocks in the tidal
and freshwater marshes of the coastal zone (Riley 2011).

Secondly, the absence of species rarity areas in Southern Ontario highlights an important
shortcoming of the application of the GSN criteria. Southern Ontario has the highest concentration
of species richness and number of threats to biodiversity of any area in Canada, particularly in the
Carolinian Zone (Kraus and Hebb 2020; Riley 2013), and supports several KBAs (Key Biodiversity
Areas 2021). Yet, the GSN approach explicitly excludes areas of high human population density and
agricultural lands. Consequently, the GSN framework did not identify areas for conservation of
species rarity in Southern Ontario where >60% of Canada’s species at risk are found (Kraus and
Hebb 2020) and negates important conservation opportunities in populated regions of Southern
Ontario. More work is necessary for identifying priority areas and expanding KBAs (as is now being
done in Canada; kbacanada.org) and protection in regions where higher human populations and criti-
cal habitat for rare and threatened species are present. This could also be further aided by examining
the absolute (instead of sequential) values mapped for each biodiversity layer and collecting more data
on beta diversity (species turnover) to improve interpretations on regional scales. In short, our
analysis of GSN data as applied to Ontario shows some limitations in terms of both the GSN criteria
themselves and the data available for those criteria, for conservation planning in Ontario. Despite
those limitations, the GSN framework nonetheless highlights the global significance of Ontario.

Conclusions and recommendations
The GSN framework is global in scale and relies considerably on large intact wilderness areas in the
boreal biome to achieve the target of 50% of protected global lands. There are many compelling
reasons to protect large swaths of roadless boreal forest and peatlands; however, the GSN framework
when scaled down to a jurisdiction such as Ontario has limitations in terms of identifying specific
areas to prioritize for conservation and also discounts the opportunities for biodiversity conservation
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and climate stabilization in less intact regions. Despite these limitations, the GSN results for Ontario
highlight the global significance of its conservation decisions.

Dinerstein et al. (2020) call for leadership from local jurisdictions and we urge Ontario to enhance
protection for lands that are critical to climate stabilization and the protection of biodiversity.
Ontario stewards one of the largest natural carbon stocks globally, because of the abundant peatlands
and boreal forests of the Far North. Ontario is also a key area for the biodiversity criteria used in the
GSN, namely the extensive lands scoring high on “intactness” in the northern half of the province.
The large overlap between lands identified for biodiversity as well as climate stabilization in the
GSN highlights important opportunities for protected areas in Ontario, particularly in the Far
North. These lands also correspond to the traditional territories of the Mushkegowuk and Matawa
Nations, which have been stewarding these vast “intact” ecosystems for thousands of years. The for-
mally recognized extent of Indigenous lands in Ontario does not reflect actual traditional territories
and is greatly limited in terms of overlap with lands supporting vital wildlife habitat and significant
carbon stocks. This has contributed to the inadequate consultation and representation of First
Nations, Métis, and Inuit in national conservation planning.

Our analysis of GSN data as applied to Ontario results in several recommendations. In terms of
biodiversity, we support previous work showing the importance of broadening criteria for identifying
protected areas, including freshwater and marine ecosystems (Southee et al. 2021), and the need to
identify areas of species rarity and high beta-diversity or species turnover along environmental
gradients in Ontario. On the carbon side, our recommendations include further developing high-
resolution spatial representations of both carbon stocks and sinks, with a focus on soils and peatlands
for northern Ontario ecoregions. Additionally, more work is needed to quantify the vulnerability of
biodiversity and existing carbon stocks and sinks to climate warming and increasing risk of wildfire,
as well as land-use change, road development, and resource extraction. Owing to the complexity of
land use and conservation planning in these regions, it is imperative that treaty rights are respected,
and First Nations have the opportunity to make decisions regarding land use on their traditional
lands.
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