
Conservation and Society 13(1): 13-22, 2015

INTRODUCTION

In Canada, as elsewhere, the relationship between protection 
and development has historically been fraught with conflict. 
The desire for short-term economic growth and insufficient 
understanding of development’s long-term ecological and socio-
economic consequences has often led governments to promote 
resource development over conservation. Pro-development 

policies in the absence of adequate land-use planning to balance 
development with conservation have resulted in large-scale 
impacts to ecosystems. Extreme examples include the clearing 
of over 85% of Canada’s Carolinian forest in southwestern 
Ontario for agriculture and residential development (Reid 
2002) and the conversion of much of Canada’s native prairie 
to farmland (White et al. 2000). The consequences are 
predictable, including protected area networks of insufficient 
size and inappropriate location, degraded ecological and 
cultural integrity, and high potential for conflict because 
flexibility is insufficient to balance the full range of values.

In the face of environmental degradation, conservation 
organisations have advocated for the protection of the remnants 
of natural landscapes to maintain a sample of native biodiversity 
(Demarco and Bell 2000). Here, we interpret protection as 
management of a landscape with the primary objective of 
protecting ecological integrity and associated cultural values 
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(i.e., IUCN categories I-IV; Dudley 2008). In contrast to calls 
from conservation organisations for increased protection, 
industry has focused on sustainable forest management or 
other forms of sustainable development (e.g., Forest Products 
Association of Canada 2005; Mining Association of Canada 
2010; Canadian Association of Petroleum Producers 2011). 
Although definitions of sustainable forest management vary, 
the term generally refers to solutions that allow continued 
industrial resource development activities on the landbase, 
while attempting to minimise the loss of ecological integrity 
through improved resource management practices. The 
differing approaches of protection and sustainable forest 
management to maintaining ecological integrity result in 
contrasting strengths and weaknesses. Protection minimises 
risk to ecosystems by removing industrial impacts, but in doing 
so can reduce opportunities for economic development from 
natural resource extraction. Sustainable forest management 
maintains opportunities for economic development, but risks 
the loss of ecosystem elements and functions due to unavoidable 
or uncertain impacts of industrial activity. These opposing 
strengths and weaknesses suggest that, when sufficient 
intactness remains, rather than advocating for one or the other 
solution (i.e. protected areas versus sustainable management), 
a more successful strategy for conservation organisations, 
governments (Aboriginal, federal, and provincial), and industry 
should be to develop a cooperative model that balances 
protection and sustainable forest management on the landbase 
with regards to both quantity and distribution. Sustainable 
management can derive economic benefit at minimum 
ecological cost, while protected areas can maintain sensitive 
ecosystem components and provide insurance against uncertain 
impacts of sustainable management strategies. Further, both 
approaches can contribute to adaptive management, whereby 
the behaviour of managed ecosystems is compared to that 
of naturally functioning ecosystems (i.e., protected areas) to 
develop a deeper understanding of the ecosystem dynamics 
essential for sustainable forest management (Wiersma 2005).

An impressive example of the movement towards a 
more cooperative relationship between development 
and conservation interests is the Canadian Boreal Forest 
Conservation Framework (the Framework). To help facilitate 
a new path forward in boreal conservation, the Framework 
was developed and endorsed by the industrial resource 
companies, conservation groups, First Nations, and financial 
institutions that make up the Boreal Leadership Council. As 
part of this special section on the topic of ‘the relationship 
between protected areas and sustainable forest management in 
Canada’, we present the Framework as a conservation vision 
with broad support that calls for equal representation of the two 
paradigms across Canada’s boreal region. Our perspective is 
that of participants of an initiative seeking to maintain values 
in Canada’s boreal region in perpetuity. We contend that 
protection and sustainable management are distinct in their 
roles and, as a result, that relative abundance is the defining 
characteristic of their relationship. As such, we disagree with 
Wiersma et al.’s (This issue) belief that either sustainable forest 

management or protected areas may be able to achieve a full 
set of values. We review recent trends in Canadian boreal land 
management relative to the Framework’s vision, and discuss 
Quebec’s Plan Nord as a case study. Although the area of 
land currently protected legislatively remains small relative 
to the area under sustainable forest management, we identify 
policy commitments to comprehensive land-use planning as 
a promising development. A more inclusionary approach to 
land-use planning, both in terms of the values considered and 
people involved, has the potential to achieve greater balance 
in the allocation of land to protection and sustainable forest 
management.

CANADA’S BOREAL REGION

Canada’s boreal forest region is the most ecologically 
intact of the planet’s five remaining large ‘frontier forests’, 
harbouring an estimated 25% of the world’s remaining 
intact forests (Aksenov 2002; Lee et al. 2003). The region 
supports abundant wildlife populations including billions 
of songbirds, millions of waterfowl and shorebirds, and 
the last strongholds for globally endangered species like 
the whooping crane (Blancher and Wells 2005; Wells and 
Blancher 2011). Also inhabiting the region are populations 
of large mammals that have been lost from much of 
their southern range, including caribou, bisons, wolves, 
grizzly bears, and wolverines (Laliberte and Ripple 2004; 
Cardillo et al. 2006; Bradshaw et al. 2009). The region’s 
natural capital is worth an estimated CAD 703 billion 
annually (Anielski and Wilson 2009) due to globally 
significant services such as the storage of over 200 billion 
tonnes of carbon (Carlson et al. 2010). These and other 
ecosystem goods and services are relatively unimpaired 
across much of the nearly 6 million sq. km region due to its 
high level of intactness. 

Large tracts of intact boreal ecosystems remain not by design, 
but rather as the fortunate outcome of the boreal region being 
one of the last development frontiers on earth. Despite recent 
advances in protection, only 12.7% of the boreal region is 
under permanent or interim protection, a level similar to the 
national average of 12.2% (Lee and Cheng 2011). Loss and 
fragmentation of intact ecosystems is occurring as development 
proceeds northwards. Although northern portions of the boreal 
region such as the Taiga Plains ecozone are largely intact 
(78% of the ecozone consists of intact landscapes of 100 sq. 
km or larger), substantial disturbance has occurred in sourthern 
portions such as the Boreal Plains ecozone which is only 
36% intact (Lee et al. 2006). Between 1990 and 2000 over 
4,000 sq. km of the southern boreal forest of Saskatchewan and 
Manitoba and over 24,000 sq. km of the boreal forest of Quebec 
was disturbed by human-caused influences including forestry, 
road-building, hydroelectric facilities and reservoirs, and 
other infrastructure development (Stanojevic et al. 2006a,b). 
Cumulative anthropogenic disturbance in Canada’s boreal 
region covers over 960,000 sq. km (Lee et al. 2010). Almost 
a third of the boreal region is tenured (leased) for forestry 
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(Canadian Boreal Initiative 2005), and 10,000 new oil and gas 
wells were drilled annually from 1999 to 2009 so that there are 
now over 155,000 active and 117,000 abandoned oil and gas 
wells (Wells et al. 2011). Eighty percent of Canada’s mines occur 
within the boreal region (Canadian Boreal Initiative 2005), as do 
hundreds of hydroelectric dams (Lee et al. 2011). Clearing for 
agriculture is also prevalent in certain regions, such as portions 
of the Boreal Plains where deforestation rates can reach 1% per 
year (Hobson et al. 2003).

In recent years, economic, technological, and environmental 
shifts have made development of the boreal region increasingly 
feasible. This mounting pressure prompted a Canadian senate 
subcommittee in 1999 to describe the region as “under seige” 
(Subcommittee on Boreal Forest of the Standing Senate 
Committee on Agriculture and Forestry 1999). In addition 
to external stressors such as climate change, the senate 
subcommittee found that rapidly expanding forestry, mining, 
petroleum, and road development was transforming the 
region. Further, the senate subcommittee determined that 
management of these land uses was not living up to the 
government commitments towards sustainable management 
and ecosystem protection (e.g., Canada’s Forest Accord and 
National Forest Strategies). Based on extensive research and 
consultation, the senate subcommittee concluded that new 
approaches were needed to balance conservation, traditional 
lifestyles, and economic development in Canada’s boreal 
region. Among the senate subcommittee’s recommendations 
were increased protection and adoption of sustainable 
management practices such as the establishment of industrial 
footprint thresholds. Perhaps most importantly, the senate 
subcommittee identified that recognition and protection of 
Aboriginal rights and participatory land-use planning were of 
fundamental importance to the region’s future. In short, the 
senate subcommittee promoted a collaborative approach for 
achieving a suitable balance between sustainable management 
and protection in the region.

THE BOREAL FOREST CONSERVATION 
FRAMEWORK

The senate subcommittee’s report reflected a growing 
awareness that Canada’s boreal region is a unique conservation 
opportunity due to its extensive intact forest landscapes 
and prospects for proactive land-use planning. It was 
against this backdrop that, in 2000, The Pew Charitable 
Trusts launched the International Boreal Conservation 
Campaign in collaboration with a number of international 
and Canadian conservation organisations and foundations 
(The Pew Charitable Trusts 2013). An early outcome of the 
campaign was the formation of the Canadian Boreal Initiative 
to act as a national convener for boreal conservation. In keeping 
with its mandate, one of the first actions of the Canadian Boreal 
Initiative was to convene the Boreal Leadership Council to 
develop an inclusive national conservation vision for the boreal 
region. The formation of the Boreal Leadership Council, and its 
subsequent development of the Framework, represent efforts 

to replace conflict with collaboration. The Boreal Leadership 
Council’s membership spans a range of organisations that have 
historically been at odds, including conservation organisations, 
First Nations, natural resource industry (forestry and energy), 
and financial institutions (Canadian Boreal Initiative 2013). 
While diverse, the organisations share an interest in the 
boreal region and a commitment to partnership in support 
of ecological, cultural, and economic sustainability. That 
commitment is expressed in the Framework, which articulates 
the vision that “Canada’s Boreal Forest will become the world’s 
best conserved forest ecosystem, while supporting Northern 
communities by developing leading sustainable management 
practices” (Boreal Leadership Council 2003). Supporting 
principles include maintaining ecological processes and 
intact landscapes; respecting the lands, rights, ways of life, 
and governance of Aboriginal peoples, and respecting their 
leadership role; ensuring sustainable economic benefits to 
Northern communities, and minimising the economic cost 
of environmental and social initiatives; and using scientific 
knowledge, traditional knowledge, and local perspectives to 
achieve the conservation of natural and cultural values while 
also adapting over time to meet changing natural conditions 
and evolving knowledge.

The Framework is comprehensive with respect to forest 
values by striving to maintain cultural, economic, and 
ecological values in perpetuity. As such, the Framework is 
consistent with Wiersma et al.’s (This issue) belief that a range 
of forest values can be achieved. Further, the Framework’s 
endorsement by industry, conservation organisations, First 
Nations, and government is evidence that there is broad-based 
support for the concept of maintaining the full range of values 
in forest ecosystems. However, the Framework is not consistent 
with Wiersma et al.’s (This issue) contention that forest values 
may be achieved regardless of the primary management 
paradigm (i.e., sustainable management or protection). Rather, 
the Framework is explicit in identifying the distinct roles of 
sustainable management and protection, and the need to balance 
these management paradigms across boreal forest landscapes. 
To sustainably conserve cultural, economic, and natural values, 
the Framework calls for the protection of at least 50% of 
Canada’s boreal region in a network of large interconnected 
protected areas, with ecosystem-based resource management 
practices in the remaining landscape. The role of protected 
areas is to “provide sufficiently intact habitat and ecological 
functions to ensure, in perpetuity, continued ecosystem 
integrity and viable and abundant fish and wildlife populations” 
(Boreal Leadership Council 2003). Sustainable management 
areas are needed to “foster healthy regional economies and 
communities that will receive tangible and lasting benefits from 
activities in their areas” (Boreal Leadership Council 2003).

BALANCING PROTECTION AND SUSTAINABLE 
MANAGEMENT

The need for protection is consistent with the current 
understanding of the limits of sustainable management. 
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Sustainability has improved with ecosystem-based 
management, which attempts to reduce the ecological impacts 
of land use through the emulation of patterns induced by natural 
disturbance. However, emulation is limited by fundamental 
differences between land use and natural disturbance. As an 
example, forestry tends to reduce the abundance of late seral 
stands and the average age of the forest because harvest targets 
older stands (Kurz et al. 1998) and is additive to existing 
natural disturbance regimes (Didion et al. 2007). Species 
and ecological processes that are reliant on older forests are 
therefore impacted. Biotic carbon storage increases with forest 
age (Luyssaert et al. 2008), such that natural forests tend to 
store more carbon than forests managed for timber production 
(Kurz et al. 1998). Older forests also support more bird 
species than young forests, with the highest species diversity 
existing in forests that are older than typical rotation ages 
(Schieck and Song 2006). Woodland caribou is another species 
associated with older forests, and timber harvest can drive 
predation pressure beyond sustainable levels by increasing the 
abundance of other ungulates (e.g., moose) and subsequently 
of gray wolves (Vors et al. 2007). Caribou also avoid other 
industrial footprints including linear disturbances such as 
roads (Dyer et al. 2001). Indeed, access corridors are highly 
detrimental to ecosystems and are a ubiquitous feature of 
industrial development due to the need to access and transport 
natural resources. Roads impact ecosystems in numerous ways, 
including alteration of the physical and chemical environment, 
facilitating invasion by exotics, direct mortality (e.g., collisions 
with vehicles), and increasing human use (Trombulak and 
Frissell 2000) such as hunting, angling, and the use of 
recreational on and off road vehicles. Numerous recreational 
fisheries have declined across Canada due to over-fishing 
(Post et al. 2002), and the quality of fisheries has been shown 
to be inversely related to angler access (Sullivan 2003). Roads 
can further impact fish populations when culverts at stream 
crossings prevent fish movement, thereby fragmenting habitat 
(Park et al. 2008).

While the examples in the preceeding paragraph are not 
comprehensive, they serve to demonstrate the sensitivity 
of boreal ecosystems to industrial development. Protection 
is therefore needed to maintain the ecological integrity of 
Canada’s boreal region, and the Framework recommends the 
establishment of a network of large protected areas that span 
at least 50% of the region. The recommendation represents 
a substantial increase relative to existing protected area 
networks, but is consistent with the current conservation 
science. Conservation biology identifies four requirements 
for ecological integrity (Noss and Cooperrider 1994): 1) 
representation of all native ecosystem types; 2) maintaining 
populations of all native species in natural patterns of abundance 
and distribution; 3) maintaining ecological processes; and 4) 
maintaining resilience to environmental change. Protected-
areas planning has historically failed to address this full range 
of requirements (Schmiegelow et al. 2006). Representation 
has received the most attention by protected-areas planning 
exercises such as the Endangered Spaces campaign of the 

1990s, which sought to protect a representative network of 
protected areas across Canada’s natural regions. Although 
the campaign achieved substantial gains in protected areas, 
its goal of increasing protection to 12% of Canada was based 
on political considerations rather than a scientific assessment 
of conservation needs (DeMarco and Bell 2000). Indeed, 
Soulé and Sanjayan (1998) concluded that protection of 10% 
of the world as natural habitat would not prevent large-scale 
species extinction, and Noss et al. (2012) concluded that 
the Nagoya target for 2020 (protection of 17% of terrestrial 
areas globally) is also far below what is needed to maintain 
ecological integrity. The inadequacy of representation alone 
as a guide for protected areas networks is in part due to the 
requirements of some species for large expanses of habitat. 
Inadequate size relative to species’ habitat requirements 
makes Canada’s national parks incapable of maintaining 
the full suite of native species (Gurd and Nudds 1999), a 
problem that is exacerbated by the loss of habitat from regions 
adjacent to parks as a consequence of land use (Wiersma and 
Simonson 2010). As an example, woodland caribou range has 
contracted as development has extended northwards (Schaefer 
2003), and persistence of herds may require ranges that are 
not exposed to industrial development (Vors et al. 2007). 
However, few protected areas in the woodland caribou’s range 
are large enough to contain entire ranges that typically span 
thousands of sq. km.

Maintaining ecological processes such as natural disturbance 
regimes and hydrologic and nutrient cycles is vitally important 
because they are responsible for generating and maintaining 
biodiversity (Noss and Cooperrider 1994), as well as providing 
ecosystem services to human communities. Two ecological 
processes, in particular, require consideration during the design 
of protected areas capable of maintaining naturally functioning 
ecosystems: fire and the hydrologic cycle (Schmiegelow et al. 
2006). To incorporate the hydrologic cycle, protected areas 
should ideally contain intact catchments that may require 
areas spanning thousands of sq. km (Schindler and Lee 2010). 
To incorporate fire, a protected area should be large enough 
to contain large fires while still maintaining examples of all 
habitat types so as to ensure the persistence of all species 
(Leroux et al. 2007). Given the potential for fire sizes in boreal 
ecosystems to reach thousands of sq. km, incorporating fire 
in the design of protected areas requires very large areas. 
Protecting examples of naturally functioning ecosystems in the 
Boreal Shield of Saskatchewan is estimated to require areas 
ranging from 9,000 to 16,000 sq. km (Canadian BEACONs 
Project 2008). Further emphasising the need for large protected 
areas are the potential consequences of climate change. The 
unprecedented rate of climate change expected this century will 
require shifts in species’ ranges, in some cases by hundreds 
of kilometres (McKenney et al. 2007). Species richness 
patterns tend to respond to environmental gradients related to 
temperature (Szabo et al. 2009), and maintaining connectivity 
across such gradients is important if the shifts are to be 
accommodated. Indeed, a global analysis found that restricting 
migration resulted in a doubling of the number of species likely 
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to be committed to extinction by 2050 (Thomas et al. 2004). 
Protecting large landscapes along climatic gradients will be 
important for maintaining the resilience of ecosystems to 
climate change (Noss 2001).

When the requirements for ecological integrity are fully 
considered, it is apparent that the existing protected areas 
networks are inadequate. A literature review of conservation 
targets found that evidence-based conservation targets were 
nearly three times higher than those reflected by policy 
(Svancara et al. 2005). Noss and Cooperrider’s (1994) review 
of conservation planning initiatives determined that between 
25% and 75% protection was necessary to maintain ecological 
integrity. Other reviews have also concluded that 50% protection 
is a scientifically defensible target (Schmiegelow et al. 2006; 
Noss et al. 2012). Conservation-planning exercises in the 
Canadian boreal region are consistent with the findings of 
these reviews. In Labrador and the Northwest Territories, for 
example, the inclusion of conservation-biology principles 
during land-use planning of largely intact boreal regions 
resulted in approximately equal allocation of land to protection 
and sustainable use (Innes and Moores 2003; Dehcho Land Use 
Planning Committee 2006). While ambitious, the objective 
of expanding the protected areas network to cover at least 
half of the boreal region is consistent with requirements for 
maintaining ecological integrity, and has been endorsed by 
over 1,500 scientists in a letter calling on governments to 
implement the Framework’s vision for Canada’s boreal region 
(International Boreal Conservation Campaign 2007). 

FRAMEWORK IMPLEMENTATION

Canada’s boreal forest is one of the last regions on earth where 
there is potential to implement, in advance of widespread 
development, a network of protected areas capable of 
supporting ecological integrity. Implementation of the 
Framework’s vision of Canada’s boreal region as the best 
conserved ecosystem in the world will take time, but progress is 
encouraging. While still well below the Framework’s objective 
of at least 50%, land under permanent or interim protection 
in Canada (Figure 1) increased from 6.6% to 12.2% between 
2000 and 2010 (Lee and Cheng 2011), including several areas 
of sufficient size to maintain their full complement of species. 
Recent protection announcements include the 26,000 sq. km 
Tursujuq National Park in Quebec’s boreal and arctic regions, 
a 14,000 sq. km landscape in Labrador encompassed by 
Mealy Mountains National Park and Eagle River Waterway 
Park, a 33,000 sq. km landscape in the Northwest Territories 
through the six-fold expansion of the Nahanni National Park 
Reserve, and the 8,600 sq. km Poplar River Anishinabek 
Traditional Territory in Manitoba through the approval of the 
First Nation’s land-use plan which prohibits industrial resource 
extraction. Sustainable forest management is also improving, as 
demonstrated by increased certification of forestry operations 
by the Forest Stewardship Council (FSC). Established in the 
early 1990s by environmental groups, industry, Aboriginal 
organisations, and community groups, FSC has grown into 

a global initiative to achieve consensus on sustainable forest 
management and promote its adoption. Canada’s Boreal FSC 
Standard (Forest Stewardship Council Canada Working Group 
2004) has been developed through a process that gives equal 
weight to aboriginal, environmental, economic, and social 
interests. To date, over 400,000 sq. km in Canada’s boreal 
region has received or is actively pursuing FSC (M. Patel 
pers. comm. 2011). Perhaps more compelling than increased 
protection and certification are commitments to conservation 
through comprehensive land-use planning. The most dramatic 
commitments to date are those by the governments of Ontario 
and Quebec to protect half of the northern regions of their 
provinces (Ministry of Natural Resources 2010, Développement 
Durable, Environnement et Parcs 2011). In the Northwest 
Territories, a community-based process for establishing 
protected areas across the territory has identified over 130,000 
sq. km for protection (Northwest Territories Protected Areas 
Strategy 2009). Our intent here is not to argue that all recent 
progress in boreal conservation is directly attributable to the 
Framework. Indeed, protected areas expansion is a global 
trend, with terrestrial protection increasing by almost 50% 
over the past two decades (IUCN and UNEP-WCMC 2012). 
We do, however, contend that the Framework has helped in 
catalysing action over the past decade by fostering a common 
vision for Canada’s boreal region. At the same time, it must be 
emphasised that conservation gains—and, in fact, the existence 
of the Framework itself—reflect the interests and efforts of 
Aboriginal, provincial, and federal governments, conservation 
organisations, and companies. 

The geographical scope of the Framework is vast, spanning 
the nearly six million sq. km covered by Canada’s boreal and 
taiga ecozones—Boreal and Taiga Plains, Boreal and Taiga 
Shield, Boreal and Taiga Cordillera, and Hudson Plains. 
The Framework explicitly recognises that conservation 
challenges and opportunities will vary across this diverse 
region depending on factors such as industrial allocations 

Figure 1
Protected areas and intact forest landscapes in Canada as of 2010.

Interim protected areas are areas with effective protection while 
negotiations and legal issues are resolved
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and the state of land-use planning. As such, the Framework is 
best seen as a national vision rather than a rigid formula that 
is expected to be immediately followed across jurisdictions. 
Indeed, many of the examples of conservation gains cited 
above are from intact boreal landscapes where potential conflict 
with ongoing or planned development is currently relatively 
limited. Large-scale increases in protection within lands with 
an industrial presence is not straight-forward, and associated 
challenges such as negotiating the release of resource rights 
held by industry emphasise the importance of establishing 
a comprehensive protected areas network prior to issuing 
tenure. However, even within boreal regions with substantial 
industrial presence, ambitious land-use planning efforts are 
emerging. In northeastern Alberta, home to the second largest 
oil deposit in the world, a land-use planning process is calling 
for expansion of the protected areas network to 22% of the 
landscape (Land-use Framework 2012). 

Additional evidence of a newly evolving paradigm is 
the Canadian Boreal Forest Agreement, whereby forestry 
companies and conservation organisations have committed 
to collaborate towards a more competitive forest industry 
and a better protected, more sustainably managed boreal 
forest (Canadian Boreal Forest Agreement 2010). Applying 
to more than 720,000 sq. km, the agreement seeks to expand 
protection, improve conservation of species at risk, implement 
world-leading sustainable forest management practices, 
mitigate climate change impacts, improve the prosperity of the 
forest sector, and achieve recognition in the marketplace for 
environmental performance. Although promising conceptually, 
progress towards the agreement’s goals has been challenging. 
One conservation organisation recently withdrew from the 
agreement citing a lack of progress and alleging one company’s 
violation of its commitment to defer logging in caribou 
habitat (Greenpeace Canada 2012). Despite these setbacks, 
other signatories remain committed to working towards the 
successful implementation of the agreement, and there are 
some signs of progress. Methodological frameworks have been 
established to guide protected areas planning and caribou 
conservation, and the ability to achieve real conservation 
benefits was demonstrated in 2012 by a joint proposal to 
government to set aside 8,000 sq. km of caribou habitat in 
northern Ontario from harvest. 

Progress towards the Framework’s vision has been 
strengthened by collaborative planning for the maintenance 
of the full range of values provided by forest ecosystems. 
We believe that this commitment to collaboration, including 
acknowledgement of the legitimacy of all parties’ values, is the 
key to resolving conflict between protection and sustainable 
forest management. While we agree with Wiersma et al. 
(This issue) that conflict between protection and development 
interests is more likely when neighbouring parcels of land 
have contrasting levels of disturbance, we believe that 
comprehensive land-use planning is the more important 
requirement for resolving or avoiding conflict. The existence 
of contrasting levels of disturbance (i.e., from protection to 
intensive developments such as mining or agriculture) may 

actually support achievement of the full range of ecological, 
economic, and cultural values, when viewed at the regional 
scale in the presence of careful planning (Phalan et al. 2011). 
Fortunately, the intactness of Canada’s boreal region provides 
unparalleled opportunities for comprehensive land-use 
planning. Development trajectories from elsewhere indicate 
that these opportunities are time sensitive, however, and 
achievement of the Framework’s vision depends on fostering 
cooperative planning processes to guide a balance between 
protection and development. Quebec’s Plan Nord is now 
discussed as an example of progress towards a collaborative 
and balanced approach to conservation. 

A CASE STUDY: PLAN NORD

Quebec’s boreal forest spans 1.2 million sq. km, accounting for 
21% of Canada’s boreal region. Given its scale and intactness, 
it is not surprising that the region supports globally significant 
ecological values including storage of 31 billion tonnes of 
biotic carbon, 25% of North America’s most pristine rivers, 
breeding grounds for 180 bird species, and among the world’s 
most significant herds of barren ground caribou (International 
Boreal Conservation Campaign 2010). Northern Quebec is 
also rich in natural resources including minerals, hydroelectric 
potential, and timber, and development is expected to increase. 
The Quebec government has expressed its desire for socially 
responsible and sustainable development in the region, and 
has established the ‘Plan Nord’, a planning process to support 
this goal. As expressed by then premier Jean Charest in 2008 
(Parti Libéral du Québec 2008):

 [W]e are strongly affirming our desire and intention to 
equate development of the North with the creation of a truly 
sustainable development space. From now on, economic 
development and protection of the environment will be 
synonymous in Quebec’s North. It is my hope that other 
northern populations will look at us and say: ‘Let’s follow 
Quebec’s example!’

A key component of the government’s commitment to 
sustainability is excluding industrial development from at 
least 50% of northern Quebec. The pledge was applauded by 
conservation groups throughout North America and endorsed 
by over 500 scientists that encouraged the government to 
follow through on its commitment (Canadian Boreal Initiative 
2009). The government intends to realise its conservation 
goal by increasing internationally recognised protected areas 
coverage from 8% to 20% by 2020, and establishing areas 
that exclude all industrial activity from an additional 30% of 
the region by 2035 (Développement Durable, Environnement 
et Parcs 2012). 

Northern Quebec’s high level of intactness provides the 
planning flexibility to establish a comprehensive protected 
area network while maintaining substantial opportunities for 
economic development. This opportunity for balance likely 
explains why conservation commitments at the scale of 
Plan Nord are largely unheard of outside of Canada’s boreal 
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region. In most regions, the ability to plan in advance of or, 
at least parallel to, development has long since vanished, and 
establishment of a comprehensive protected area network 
would therefore require curtailing existing industrial activity. 
Growing recognition of the need to balance development and 
conservation, combined with a high level of intactness, make 
northern Quebec and the rest of Canada’s boreal region perhaps 
the best opportunity globally for maintaining the full range of 
ecological, economic, and cultural values supported by forest 
ecosystems in perpetuity. 

Realising the conservation potential of Plan Nord is 
contingent upon the establishment of an open, balanced, 
and proactive planning process. Initially, a so-called 
‘mirror approach’ was proposed for conservation planning, 
whereby for each area of land used for industrial purposes, 
an area of equivalent size and quality would be dedicated 
to non-industrial activity (Corbeil 2010; George 2010). It 
is unlikely that such a reactive process driven by industrial 
land-use decisions could establish a protected area network 
capable of maintaining ecological integrity, especially large 
protected areas needed to support naturally functioning 
ecosystems and the full range of species. The opportunity 
for establishing large protected areas is now, while intactness 
is high; attempts to create large protected areas in the future 
through the mirror approach would be frustrated by ongoing 
fragmentation of wilderness. 

Fortunately, legislation (Bill 65) introduced to guide 
conservation and sustainable development under Plan Nord 
replaced the mirror approach with ecological planning 
(National Assembly 2012). Ecological planning is intended to 
explicitly incorporate conservation objectives in the land-use 
planning process, thereby providing an approach better 
suited to address the challenge of proactive and balanced 
planning. An important role of ecological planning will be 
to identify which lands are of interest for protection, based 
on knowledge of ecological values and their sensitivity to 
development. Bill 65 indicates that ecological planning is 
to involve Aboriginal communities, as well as regional and 
local authorities. To incorporate cultural values and local 
knowledge, and identify an appropriate balance between 
development and protection, it is essential that conservation 
decisions be driven by comprehensive land-use planning that 
respects the leadership role of Aboriginal people in achieving 
conservation and development goals in their traditional lands. 
Details of the planning process are yet to be established and 
Bill 65 has not yet received assent, but it is encouraging that the 
Government of Quebec appears committed to a collaborative 
approach. Following the Quebec general election in 2012, 
the new Premier of Quebec, Pauline Marois, affirmed that 
development in northern Quebec will be in collaboration with 
northern populations, including Aboriginal and Inuit, and that 
at least 50% of the region will be protected (The Pew Charitable 
Trusts 2012). 

Plan Nord is not without controversy, and the challenges 
it has encountered are typical of challenges associated with 
implementing the Framework. Plan Nord has been accused of 

promoting an industrial development agenda under the guise 
of conservation (e.g., Nature Quebec 2012). This concern is 
understandable, given the large-scale expansion of northern 
resource development called for by the plan including 
3,000 MW of hydroelectric development, numerous mines, 
and investments surpassing CAD 80 billion (Gouvernement 
du Québec 2012). Given international demand for resources, 
governments’ need for revenue, and societal appetite for 
economic growth, pressure to develop northern natural 
resources is likely to increase through time. The Plan Nord, like 
the Framework, takes the pragmatic position of accepting that 
resource development expansion will occur but that planning 
can ensure that the impending development proceeds in a 
fashion that does not sacrifice ecological integrity. However, 
a risk associated with promoting the Framework’s vision 
of balance between protection and development is that it 
could be used to garner support for the industrialisation of 
previously intact landscapes. This risk is most pronounced 
if development proceeds ahead of conservation, because 
options for implementing a protected areas network capable of 
maintaining ecological integrity will diminish as intactness is 
lost. The viability of Plan Nord from a conservation perspective 
rests on the establishment of a comprehensive protected areas 
network that accounts for at least half of the region. 

To help maintain focus on conservation objectives as Plan 
Nord moves forward, the Pew Charitable Trusts and the 
Canadian Boreal Initiative partnered with the Government of 
Quebec to host a scientific symposium in the spring of 2012 to 
identify criteria for the successful implementation of ecological 
planning. The importance of Aboriginal engagement was 
an important message from participants, not only to respect 
legal obligations but also to ensure that Aboriginal expertise 
is applied. Participants identified ecological knowledge as a 
deficiency that must be addressed through collection of new 
data, improved data accessibility, and application of traditional 
ecological knowledge. The conservation matrix model 
(Schmiegelow et al. 2006) was recommended by participants 
as a model to follow during planning, whereby decisions 
focus not on how much protection is enough but rather how 
much development is too much. An important component 
of the conservation matrix model is proactive establishment 
of a comprehensive network of protected areas anchored by 
large areas of sufficient size to act as ecological benchmarks 
when assessing the consequences of industrial development. 
Participants emphasised that the diversity of the region 
encompassing Plan Nord necessitates that protected areas 
be dispersed across northern Quebec. Given the enormous 
ecological planning task facing Plan Nord, and the pressure to 
develop natural resources, participants also recommended that 
ecological planning initially focus on areas where development 
pressure is highest to ensure that conservation decisions are 
made in advance of widespread development.

Early indications of the Government of Quebec’s commitment 
to conservation are promising. Based on recommendations 
received during consultations, Plan Nord guidelines were 
revised to incorporate commitments to expand protection to 
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20% by 2020 (and 50% by 2035), establish pilot projects to 
improve ecological knowledge, and initiate ecological planning 
by 2013. In response to concerns expressed at the symposium, 
the Government clarified that mineral exploration and logging 
are considered industrial activities under Plan Nord and 
therefore will be excluded from at least 50% of the Plan Nord 
along with other forms of industrial resource development. 
The government’s willingness to implement new protected 
areas was demonstrated in late 2012 when the 26,000 sq. km 
Tursujuq National Park was created. Also encouraging is an 
agreement between the Government of Quebec and the Crees 
of the Eeyou Istchee James Bay territory. The agreement 
provides the Cree with decision-making powers with respect 
to land use, thereby charting the course for an inclusive 
planning process. Similar agreements with other Aboriginal 
governments in the region is a prerequisite for the success of 
Plan Nord, as is the establishment of comprehensive protected 
areas networks ahead of widespread development. It is hoped 
that recent progress towards these goals continues.

CONCLUSION

Sustainable management and protected areas are related but 
distinct, with one emphasising resource production and the 
other the maintenance of ecological and cultural integrity. 
Due to their differing roles, the distribution of land between 
the two management paradigms influences the range of 
values supported by forests. Indeed, we contend that the 
proportion of the landscape allocated to each paradigm is the 
defining characteristic of the relationship between protection 
and sustainable management. At present, the relationship is 
imbalanced with protected areas accounting for a small portion 
of the forest landbase. As a consequence, forest management in 
Canada has historically traded off ecological values in favour of 
resource production. For much of northern Canada, however, 
the relationship between development and protection is still 
a work in progress. The relative intactness of northern forests 
provides Canadians with the opportunity to consider the desired 
future condition of boreal forests, and then allocate land to 
development and protection accordingly. It is an opportunity 
that comes but once, and one that should be informed by 
analysis and reflection. Discourse across diverse perspectives 
is needed to ensure that land-use decisions are consistent with 
Canadians’ collective vision for their forests.

To summarise our perspective on the relationship between 
sustainable management and protected areas, we conclude by 
addressing four features identified in the introductory article: 
values; framework; criteria for success; and future vision. 
We believe that the full range of ecological, cultural, and 
economic values provided by Canada’s forests are important 
and deserve careful stewardship to ensure their persistence in 
perpetuity. Due to this belief, we suggest that a framework for 
the relationship between protection and sustainable management 
must be characterised by balance. Emphasis of one management 
paradigm to the detriment of the other will result in the 
degradation of ecological, cultural, or economic values. The 

Boreal Forest Conservation Framework proposes a balanced 
relationship between protection and development that allocates 
land approximately equally between the two management 
paradigms. The validity of this approach is supported by 
conservation science, and its fairness is confirmed by support 
from industry, conservation, and Aboriginal organisations. 
Indeed, implementation of a balanced approach requires 
engagement of the full range of interests and perspectives. The 
key criterion for success is therefore comprehensive land-use 
planning to establish inclusive objectives and identify land-use 
strategies capable of achieving the objectives for decades to come. 
Meaningful collaboration through land-use planning can ensure 
that sustainable management and protected areas strategies are 
consistent with all parties’ values, thereby forging a cooperative 
rather than conflictual relationship between the management 
paradigms. The Framework’s vision of Canada’s boreal region 
becoming the world’s best conserved forest ecosystem while 
also supporting northern communities through sustainable 
management is representative of the cooperative relationship 
that we hope will come to define forest stewardship in Canada.

REFERENCES

Aksenov, D., D. Dobrynin, M. Dubinin, A. Egorov, A. Isaev, M. Karpachevskiy,  
L. Laestadius, et al. 2002. Atlas of Russia’s intact forest landscapes. 
Moscow: Biodiversity Conservation Center, Greenpeace Russia, 
International Socio-Ecological Union, World Resources Institute.

Anielski, M. and S. Wilson. 2009. Counting Canada’s natural capital: 
assessing the real value of Canada’s boreal ecosystems. Ottawa: 
Pembina Institute and Canadian Boreal Initiative. 

Boreal Leadership Council. 2003. Canadian Boreal Forest Conservation 
Framework. http://borealcanada.ca/framework-full-e.php. Accessed 
on January 28, 2011.

Blancher, P. and J.V. Wells. 2005. The boreal forest region: North America’s 
bird nursery. American Birds 59: 30–39.

Bradshaw, C.J.A., I.G. Warkentin, and N.S. Sodhi. 2009. Urgent preservation 
of boreal carbon stocks and biodiversity. Trends in Ecology and 
Evolution 24: 541–548.

Canadian Association of Petroleum Producers. 2011. Responsible Canadian 
energy vision and principles. http://www.capp.ca/rce/program/vision/
Pages/default.aspx#wX9GpFQB2NCs. Accessed on January 28, 2011.

Canadian BEACONs Project. 2008. Evaluation of Saskatchewan designated 
protected lands as ecological benchmarks for forest management. http://
www.beaconsproject.ca/documents. Accessed on January 28, 2011.

Canadian Boreal Forest Agreement. 2010. The Canadian Boreal Forest 
Agreement. http://www.canadianborealforestagreement.com/
index.php/en/the-canadian-boreal-agreement/. Accessed on 
January 28, 2011.

Canadian Boreal Initiative. 2005. The boreal in the balance: securing the 
future of Canada’s boreal region. Ottawa: Canadian Boreal Initiative. 

Canadian Boreal Initiative. 2009. Five hundred scientists from Quebec 
and around the world call for a sustainable boreal plan. http://www.
borealcanada.ca/pr/09-10-2009-e.php. Accessed on January 28, 2011.

Canadian Boreal Initiative. 2013. Boreal Leadership Council. http://www.
borealcanada.ca/lead-council-e.php. Accessed on February 28, 2013.

Cardillo, M., G.M. Mace, J.L. Gittleman, and A. Purvis. 2006. Latent extinction 
risk and the future battlegrounds of mammal conservation. Proceedings 
of the National Academy of Sciences 103: 4157–4161.

Carlson, M., J. Chen, S. Elgie, C. Henschel, A. Montenegro, N. Roulet, 
N. Scott, C. Tarnocai, and J. Wells. 2010. Maintaining the role of 

[Downloaded free from http://www.conservationandsociety.org on Friday, July 24, 2015, IP: 208.186.20.101]



Balancing protection and sustainable management / 21

Canada’s forests and peatlands in climate regulation. Forestry Chronicle 
86(4): 434–443.

Corbeil, M. 2010. Le forage dans le Saint-Laurent inquiète Québec. Le Soleil. 
http://www.cyberpresse.ca/le-soleil/actualites/politique/201005/28/01-
4284949-le-forage-dans-le-saint-laurent-inquiete-quebec.php. Accessed 
on January 28, 2011.

Dehcho Land Use Planning Committee. 2006. Respect for the land: the 
Dehcho land use plan (final draft). http://www.dehcholands.org/
docs_final_draft_dehcho_land_use_plan_june_02_06.htm. Accessed 
on January 28 2011.

DeMarco, J.V. and A.C. Bell. 2000. The role of non-government organizations 
in biodiversity conservation. In: Biodiversity in Canada: ecology, ideas, 
and action (ed. Bocking, S.). Pp. 347–365. Peterborough: Broadview 
Press.

Développement Durable, Environnement et Parcs. 2011. Plan Nord working 
paper. Quebec: Government of Quebec.

Développement Durable, Environnement et Parcs. 2012. Government 
guidelines aimed at setting aside 50% of the territory of the Plan Nord. 
Quebec: Government of Quebec.

Didion, M., M.-J. Fortin, and A. Fall. 2007. Forest age structure as indicator 
of boreal forest sustainability under alternative management and fire 
regimes: a landscape sensitivity analysis. Ecological Modelling 200: 
45–58.

Dudley, N. (ed.). 2008. Guidelines for applying protected area management 
categories. Gland: IUCN.

Dyer, S.J., J.P. O’Neill, S.M. Wasel, and S. Boutin. 2001. Avoidance of 
industrial development by woodland caribou. Journal of Wildlife 
Management 65(3): 531–542.

Forest Products Association of Canada. 2005. FPAC sustainability initiative. 
http://www.fpac.ca/index.php/publications/publication-viewer/2005-
fpac-sustainability-initiative/. Accessed on January 28, 2011.

Forest Stewardship Council Canada Working Group. 2004. National boreal 
standard. FSC Canada.

George, J. 2010. Quebec’s Plan Nord delayed until early 2011. NunatsiaqOnline. 
http://www.nunatsiaqonline.ca/stories/article/25333_quebecs_plan_
nord_delayed_until_early_2011/. Accessed on January 28, 2011.

Gouvernement du Québec. 2012. Building northern Québec together. http://
www.plannord.gouv.qc.ca/english/index.asp. Accessed on February 
28, 2013.

Greenpeace Canada. 2012. Exposed: Resolute Forest Products breaks historic 
environmental agreement. http://www.greenpeace.org/canada/en/recent/
resolute-breaks-environmental-agreement/. Accessed on January 21, 
2013.

Gurd, D.B. and T.D. Nudds. 1999. Insular biogeography of mammals in 
Canadian parks: a re-analysis. Journal of Biogeography. 26: 973–982.

Hobson, K.A., E.M. Bayne, and S.L. Van Wilgenburg. 2002. Large-scale 
conversion of forest to agriculture in the boreal plains of Saskatchewan. 
Conservation Biology 16(6): 1530–1541.

Innes, L. and L. Moores. 2003. The ecosystem approach in practice: developing 
sustainable forestry in central Labrador, Canada. In: World Forest 
Congress XII. Organised by Food and Agriculture Organization of the 
United Nations. 

International Boreal Conservation Campaign. 2007. 1,500 scientists worldwide 
call for protection of Canada’s Boreal Forest. http://www.interboreal.
org/index.php?option=com_content&task=view&id=62&Itemid=141. 
Accessed on January 21, 2011.

International Boreal Conservation Campaign. 2010. The global importance 
of Canada’s boreal forest: Quebec. http://borealbirds.org/resources/
provincial/quebec.pdf. Access on January 28, 2011.

IUCN and UNEP-WCMC (International Union for Conservation of Nature 
and United Nations Environment Programme World Conservation 
Monitoring Centre). 2012. The world database on protected areas. 
Cambridge: UNEP-WCMC.

Kurz, W.A., S.J. Beukema, and M.J. Apps. 1998. Carbon budget implications 
of the transition from natural to managed disturbance regimes in forest 
landscapes. Mitigation and Adaptation Strategies for Global Change 
2: 405–421.

Laliberte, A.S. and W.J. Ripple. 2004. Range contractions of North American 
carnivores and ungulates. BioScience 54(2): 123–138.

Land-use Framework. 2012. Lower Athabasca regional pan 2012-2022. 
Edmonton: Government of Alberta.

Lee P., D. Aksenov, L. Laestadius, R. Nogueron, and W. Smith. 2003. Canada’s 
large intact forest landscapes. Edmonton: Global Forest Watch Canada.

Lee, P., J.D. Gysbers, and Z. Stanojevic. 2006. Canada’s forest landscape 
fragments: a first approximation. Edmonton: Global Forest Watch 
Canada.

Lee, P.G., M. Hanneman, J.D. Gysbers, and R. Cheng. 2010. Cumulative access 
in Canada’s forest ecozones. Edmonton: Global Forest Watch Canada.

Lee, P. and R. Cheng. 2011. Canada’s terrestrial protected areas status report 
2010: number, area and “naturalness”. Edmonton: Global Forest 
Watch Canada.

Lee, P.G., R. Cheng, M. Hanneman, and C. Scheelar. 2011. Hydropower 
developments in Canada: number, area, and jurisdiction and ecological 
distribution. Edmonton: Global Forest Watch Canada.

Leroux, S.J., F.K.A. Schmiegelow, R.B. Lessard, and S.G. Cumming. 2007. 
Minimum dynamic reserves: a framework for determining reserve size 
in ecosystems structured by large disturbances. Biological Conservation 
138: 464–473.

Luyssaert, S., E.D. Schulze, A. Borner, A. Knohl, D. Hessenmoller, B.E. Law, 
P. Ciais, et al. 2008. Old-growth forests as global carbon sinks. Nature 
455: 213–215.

McKenney, D.W., J.H. Pedlar, K. Lawrence, K. Campbell, and M.F. Hutchinson. 
2007. Potential impacts of climate change on the distribution of North 
American trees. BioScience 57(11): 939–948.

Mining Association of Canada. 2010. Towards sustainable mining 101: a 
primer. http://www.mining.ca/www/Towards_Sustaining_Mining/index.
php. Accessed on January 28, 2011.

Ministry of Natural Resources. 2010. Bill 191, the Far North act, 2010. 
Government of Ontario. http://www.mnr.gov.on.ca/en/Business/
FarNorth/2ColumnSubPage/STDPROD_067981.html. Accessed on 
January 28, 2011.

National Assembly. 2012. Bill 65: an act respecting natural heritage 
conservation and the sustainable development of the area covered by 
the Northern Plan. Québec: Québec Official Publisher.

Nature Québec. 2012. Le Plan Nord marketing est enterré selon Martine 
Ouellet: Nature Québec invite à définier un vrai plan pour le Nord. http://
www.naturequebec.org/nouvelles/actualites/le-plan-nord-marketing-est-
enterre-selon-martine-ouellet-nature-quebec-invite-a-definir-un-vrai-
plan-pour-le-nord/. Accessed on February 28, 2013.

Northwest Territories Protected Areas Strategy. 2009. The Northwest 
Territories protected areas strategy. http://www.nwtpas.ca/. Accessed 
on January 28, 2011.

Noss, R.F. and A.Y. Cooperrider. 1994. Saving nature’s legacy: Protecting 
and restoring biodiversity. Washington, DC: Island Press.

Noss, R.F., A.P. Dobson, R. Baldwin, P. Beier, C.R. Davis, D.A. Dellasala, 
J. Francis, et al. 2012. Bolder thinking for conservation. Conservation 
Biology 26(1): 1-4.

Noss, R.F. 2001. Beyond Kyoto: forest management in a time of rapid climate 
change. Conservation Biology 15(3): 578–590.

Park, D., M. Sullivan, E. Bayne, and G. Scrimgeour. 2008. Landscape-level 
stream fragmentation caused by hanging culverts along roads in Alberta’s 
boreal forest. Canadian Journal of Forest Research 38: 566–675.

Parti Libéral du Québec. 2008. Plan Nord: volet développement durable. http://
www.borealcanada.ca/Liste/Docs/04_2008_11_15_Part.pdf. Accessed 
on January 28, 2011.

[Downloaded free from http://www.conservationandsociety.org on Friday, July 24, 2015, IP: 208.186.20.101]



22 / Carlson et al.

Phalan, B., M. Onial, A. Balmford, and R.E. Green. 2011. Reconciling food 
production and biodiversity conservation: land sharing and land sparing 
compared. Science 333: 1289-1291.

Post, J.R., M. Sullivan, S. Cox, N.P. Lester, C.J. Walters, E.A. Parkinson, 
A.J. Paul, et al. 2002. Canada’s recreational fisheries: the invisible 
collapse? Fisheries Management 27(1): 6–17.

Reid, R. 2002. Practical options for the greening of Carolinian Canada. The 
Carolinian Canada Coalition. http://www.carolinian.org/Publications/
CC-OptionsforGreening.pdf. Accessed on January 28, 2011.

Schaefer, J.A. 2003. Long-term range recession and the persistence of caribou 
in the taiga. Conservation Biology 17: 1435–1439.

Schieck, J. and S.J. Song. 2006. Changes in bird communities throughout 
succession following fire and harvest in boreal forests of western North 
America: literature review and meta-analyses. Canadian Journal of 
Forest Research 36: 1299–1318.

Schindler, D.W. and P.G. Lee. 2010. Comprehensive conservation planning 
to protect biodiversity and ecosystem services in Canadian boreal 
regions under a warming climate and increasing exploitation. Biological 
Conservation 143(7): 1571–1586.

Schmiegelow, F.K.A., S.G. Cumming, S. Harrison, S. Leroux, K. Lisgo, 
R. Noss, and B. Olsen. 2006. Conservation beyond crisis management: 
a conservation-matrix model. Edmonton: Canadian BEACONs Project 
Discussion Paper No. 1.

Soulé, M.E. and M.A. Sanjayan. 1998. Conservation targets: do they help? 
Science 279: 2060–2061.

Stanojevic, Z., P. Lee, and J.D. Gysbers. 2006a. Recent anthropogenic changes 
within the Boreal Plains ecozone of Saskatchewan and Manitoba: 
interim report. Edmonton: Global Forest Watch Canada.

Stanojevic, Z., P. Lee, and J.D. Gysbers. 2006b. Recent anthropogenic changes 
within the northern boreal, southern taiga, and Hudson Plains ecozones 
of Quebec. Edmonton: Global Forest Watch Canada.

Sub-Committee on Boreal Forest of the Standing Senate Committee on 
Agriculture and Forestry. 1999. Competing realities: the boreal forest 
at risk. Ottawa: Government of Canada. 

Sullivan, M.G. 2003. Active management of walleye fisheries in Alberta: 
dilemmas of managing recovering fisheries. North American Journal 
of Fisheries Management 23: 1343–1358.

Svancara, L.K., R. Brannon, J.M. Scott, C.R. Groves, R.F. Noss, and 
R.L. Pressey. 2005. Policy-driven versus evidence-based conservation: 

a review of political targets and biological needs. BioScience 55(11): 
989–995.

Szabo, N.D., A.C. Algar, and J.T. Kerr. 2009. Reconciling topographic and 
climatic effects on widespread and range-restricted species richness. 
Global Ecology and Biogeography 18: 735–744.

The Pew Charitable Trusts. 2012. International Union for Conservation of 
Nature praises Quebec for conservation commitments. http://www.
pewtrusts.org/news_room_detail.aspx?id=85899417857. Accessed on 
March 1, 2013.

The Pew Charitable Trusts. 2013. International Boreal Conservation 
Campaign. http://www.pewenvironment.org/campaigns/international-
boreal-conservation-campaign/id/8589935770. Accessed on February 
28, 2013.

Thomas, C.D., A. Cameron, R.E. Green, M. Bakkenes, L.J. Beaumont, 
Y.C. Collingham, et al. 2004. Extinction risk from climate change. 
Nature 427: 145–148.

Trombulak, S.C. and C.A. Frissell. 2000. Review of ecological effects of 
roads on terrestrial and aquatic communities. Conservation Biology 
14(1): 18–30.

Vors, L.S., J.A. Schaefer, B.A. Pond, A.R. Rodgers, and B.R. Patterson. 2007. 
Woodland caribou extirpation and anthropogenic landscape disturbance 
in Ontario. Journal of Wildlife Management 71(4): 1249–1256.

Wells, J. and P. Blancher. 2011. Global role for sustaining bird populations. In: 
Boreal birds of North America: a hemispheric view of their conservation 
links and significance (ed. Wells, J.). Berkeley, CA: University of 
California Press.

Wells, J.V., D. Roberts, P. Lee, R. Cheng, and M. Darveau. 2011. A forest of 
blue: Canada’s Boreal Forest, the world’s waterkeeper. Washington, 
DC: Pew Environment Group.

White, R.P., S. Murray, and M. Rohweder. 2000. Pilot analysis of grassland 
ecosystems. Baltimore, MD: World Resources Institute. 

Wiersma, Y.F. 2005. Environmental benchmarks vs. ecological benchmarks 
for assessment and monitoring in Canada: is there a difference? 
Environmental Monitoring and Assessment 100: 1–9.

Wiersma, Y.F. and C. Simonson. 2010. Canadian national parks as islands: 
investigating the role of landscape pattern and human population in 
species loss. Park Science 27(2): 70–77. Available at http://www.nature.
nps.gov/ParkScience/archive/PDF/Article_PDFs/ParkScience27(2)
Fall2010_70-77_WiersmaSimonson_2741.pdf.

Received: June 2012; Accepted: October 2013

[Downloaded free from http://www.conservationandsociety.org on Friday, July 24, 2015, IP: 208.186.20.101]


