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Abstract

:

At present, 10.5% of Canada’s land base is under some form of formal protection. Recent developments indicate Canada aims to work towards a target of protecting 17% of its terrestrial and inland water area by 2020. Canada is uniquely positioned globally as one of the few nations that has the capacity to expand the area under its protection. In addition to its formally protected areas, Canada’s remote regions form de facto protected areas that are relatively free from development pressure. Opportunities for expansion of formally protected areas in Canada include official delineation and designation of de facto protected areas and the identification and protection of land to improve connectivity between protected areas (PAs). Furthermore, there are collaborative opportunities for expanding PA through commitments from industry and provincial and territorial land stewards. Other collaborative opportunities include the contributions of First Nations aligning with international examples of Indigenous Protected Areas, or the incorporation and cultivation of private protection programs with documented inclusion in official PA networks. A series of incremental additions from multiple actors may increase the likelihood for achieving area-based targets, and expands stakeholder engagement and representation in Canada’s PA system. Given a generational opportunity and high-level interest in expansion of protected areas in Canada and elsewhere, it is evident that as a diverse number of stakeholders and rights holders collaboratively map current and future land uses onto forest landscapes, science-based conservation targets and spatial prioritizations can inform this process.
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1. Introduction


Given population growth and increasing pressures on land for human use [1], there is an increasing global reliance on protected areas (PAs) as cornerstones of conservation strategies. This global emphasis on PAs is evidenced by the widespread support for the Convention on Biological Diversity (CBD: an international treaty with 193 member countries) which, among other decisions, adopted the Aichi Biodiversity Target to protect 17% of the most biodiverse landscapes by 2020 [2]. The establishment of national PA systems has been the globally preferred approach to biodiversity conservation in the 20th and 21st centuries. National PA systems around the world have rapidly increased from 141 areas covering less than 1% of Earth’s land area in 1911 to 130,709 areas and 13% global land coverage in 2011 [3,4] and 14.8% in 2016 [5]. Furthermore, the rate of PA expansion has been growing: protected areas have increased nearly 80% from 1990 levels. Coordination of PAs worldwide has been greatly facilitated by The World Commission on Protected Areas, administered by the International Union for Conservation of Nature (IUCN), which provides the following definition for a protected area:


“A protected area is a clearly defined geographical space, recognised, dedicated, and managed, through legal or other effective means, to achieve the long-term conservation of nature with associated ecosystem services and cultural values”.



[6]







This definition encompasses a variety of types of PAs, classified by management objectives [7] and most recently by governance type [8]. One of the current challenges for many developed nations is to pursue strategic expansion of their PA systems through diversification of management and governance mechanisms [9].



As of 2016, Canada has achieved protection of approximately 10.5% of its terrestrial and inland water area [5] (Table 1). More than 85% of Canada’s PAs are classified as IUCN management categories I–IV [9], which prohibit industrial activities such as mining, forestry, and hydro development. Furthermore, much of the area protected exists in large PAs in excess of 3000 km2 [9]. Canada is one of the few nations with the potential to protect large, intact landscapes, particularly in the boreal and arctic regions that are expected to be under increasing pressures based upon a number of future climate change projections [10,11]. Ultimately, a key factor in the ability of Canadian PA systems to protect their biological resources is the sustained ecological integrity of the individual PAs. Given the existing level and location of protection, combined with the fact that many additional areas are currently in de facto protection [12], Canada has an opportunity unique among developed nations for a fundamental expansion of high-value, nondegraded protected areas. Furthermore, there is a strong willingness for comprehensive conservation planning owing to recent multi-stakeholder cooperative agreements and increasing political will [13] and objectives reported in the Federal Sustainable Development Strategy to meet the 17% area target by 2020 ([14], p. 48) agreed to under the Convention on Biological Diversity and related Aichi target [2].



The goal of this research is to highlight opportunities and avenues for expanding Canada’s terrestrial PA system. The areas protected by province and territory are summarized in Table 1, whereas the areas protected by federal agencies are summarized in Table 2. We motivate our work with a description of the national context for PAs in Canada and provide examples focused on Canada’s nationally dominant (>550 Mha) and ecologically important boreal forests. We then provide relevant background on the science of conservation planning, the application of ecological concepts to PA selection and management, and the application of IUCN PA categories in Canada. We offer guidelines to present opportunities regarding the expansion of PA systems derived from both national and international examples. Finally, we present two hypothetical scenarios for doubling protection that build on the current mix of IUCN PA categories at national and ecozone scales.




2. Background for Protected Areas in Canada


Canada has a history of protected area designation, management, and governance with the establishment of its first national park (Banff) in 1885 and its first provincial park (Ontario’s Algonquin) in 1893. The federal government established Parks Canada (then the Dominion Parks Branch) as the World’s first government protected area organization, in 1911 [15]. National and provincial parks are the most common types of protected areas in Canada, yet within the boreal region alone there are more than 70 types of PAs [9] that play various cultural and ecological roles. The balance among the various PA roles has evolved over time from a recreational focus towards an ecological one. Concurrently, the source of the dominant threats to PAs has also changed from internal sources, such as heavy visitation rates, to external ones, including overdevelopment of the surrounding landscape, climate change, invasive species, and airborne pollution [16]. See Table 3 for an overview of IUCN management categories including codes, descriptions, and Canadian examples.



As Canada contemplates PA expansion, it is worth noting that relative to other nations, Canada has a disproportionately large level of PAs that are in strictly protected classes [9]. National parks (IUCN Level II, see Table 4) comprise ~48% of Canada’s PAs by area [17], and the evolution of its park system policies provide supporting evidence of the shift toward an ecological focus on protection. The shift began with the 1964 comprehensive statement of national parks policy, whose main purpose was to clarify ambiguity in the National Parks Act originally passed in 1930. The policy shift asserted that the fundamental role of national parks was to be one of protection rather than use [15]. This principle of ecological integrity was subsequently legally formalized in an amendment to the National Parks Act in 1988. The first National Park System plan was approved in 1971 to guide park expansion under a more systems-based approach. The emphasis was to increase representation of the 39 natural regions of Canada within the park system. As a result, given that roughly three quarters of the area within the national park system was designated after 1971, the majority of the park system was delineated within a value system that emphasized ecological integrity and representativeness. The mosaic of the larger set of all Canadian protected areas is more complicated, however, with management and governance carried out by diverse federal, provincial, and territorial agencies (Figure 1; Table 1) as well as First Nations and private land owners (Table 2) [5].



Canada’s terrestrial PA system is poised for expansion for several complementary reasons: (1) to ensure representation and persistence of Canadian biodiversity; (2) to align with global protection levels and targets; and (3) to formalize the protection of de facto protected areas [12]. Recent studies have demonstrated the biases and underrepresentation of the current Canadian PA systems using a variety of biodiversity subsets and surrogates such as disturbance-sensitive mammals [19], species at risk [20], and productivity [21]. The disproportionate distribution to strictly protected IUCN categories shows an opportunity to employ some of the other IUCN classes, which would offer some flexibility in PA assignment, while remaining within international norms. As a consequence, many different jurisdictions are concurrently working to expand Canada’s PA systems (e.g., [22]). Demonstrating an ongoing capacity for expansion, the total amount of protected area in Canada has more than doubled from 5.2% in 1990, to 10.5% in 2016 [5]. Many protected area management agencies have explicit expansion objectives. Nationally, Parks Canada is expanding with the objective of having at least one national park in each of Canada’s 39 natural regions. There are currently 11 natural regions unrepresented in the national park system although some have interim protection [23]. Provincially, Ontario’s Biodiversity Strategy sets a target to have 17% of terrestrial and aquatic ecosystems protected in line with the Aichi global target [2].




3. Application of IUCN Protected Area Management and Governance Types in Canada


Societal values can be mapped onto the landscape as a continuum between market values and strict protection values [16]. The amount and configuration of these values on the landscape will affect the ecological, cultural, and economic potential of the landscape and will ultimately influence the future well-being of humans and of biodiversity. Different types of PAs give priority to different values; maintaining a mix of types on the landscape will thus help to achieve a balance among competing and complementary values. This will also contribute to more comprehensive and integrative conservation planning based on the principles of ecosystem management [25]. These principles emphasize the need to maintain ecosystems in the states required to achieve societal benefits while recognizing that ecosystems have some, albeit limited, resilience to natural and man-made stressors [26]. Diversified governance and management of PA types will be the key to success of planning and implementing landscapes with the right mix of values. Governance of different PA types involves decisions about PA objectives and strategies to achieve whereas management involves the actions required to achieve objectives [27].



3.1. Classifying Protected Areas Based on Management Objectives


Most PAs are established for a variety of reasons and with multiple management objectives. The IUCN management categories classify PAs based on their main management objectives (Table 3). A variety of objectives are acceptable within each category; therefore, there may even be variability amongst the management objectives of PAs within the same category. Importantly, the IUCN categories are based on the intentioned objectives. It is necessary to consider whether the area can realistically meet these objectives when assigning the area to a given IUCN category [28]. These categories facilitate international comparisons and some flexibility is required in their application [28]. Consistent application of the IUCN system by agencies that own and manage PAs in Canada is an achievable outcome, possibly guided by Canadian examples of interpretations of the IUCN system (e.g., Table 3) and the Canadian Council on Ecological Areas (CCEA) [28]. A few notable issues relevant to Canadian application of the IUCN categories are worth mentioning. Canada has large PAs in Categories I through IV, both in number and area, relative to other countries. Within these categories, some restricted human activities, which would otherwise be considered incompatible with these categories, are accommodated, such as small sections subject to extractive activities or First Nations traditional practices such as hunting and trapping. Traditionally, most areas that meet the criteria for Categories V and VI are beyond the scope of Canada’s PA agencies [28]; however, this is not precluded and expected to develop as national and provincial PA systems continue to expand.



Regulations concerning the use of protected areas are not entirely consistent across international jurisdictions, nor are they consistent from province to province within Canada [29]. This presents challenges to categorizing and identifying the characteristics of PAs in Canada. For countries that are parties to the Convention on Biological Diversity, the IUCN has been instrumental in standardizing the reporting on PA systems by providing a typology of PAs consisting of six management categories [6,7]. Categories are not exclusive: many PAs have the characteristics of multiple IUCN categories, resulting in them being listed doubly or triply in existing PA databases. The CCEA produced guidelines for the application of the IUCN PA typology in Canadian PA systems [28]. Most recently, the IUCN provided a simplified typology of PAs consisting of four governance types [8]. This section provides a summary of these management and governance typologies with Canadian examples. It should be noted that this summary is not a replacement for the aforementioned publications and they remain the primary references. We also present an overview of the current representation of IUCN management categories in Canadian PAs.




3.2. Classifying Protected Areas Based on Governance Types


Governance can be defined as “the interactions among structures, processes, and traditions that determine how power and responsibilities are exercised, how decisions are taken and how citizens or other stakeholders have their say” [31]. Governance is carried out by actors (rights holders and stakeholders) that hold power, authority, and responsibility and are accountable for meeting the protection objectives of PAs (Table 1 and Table 2) The purpose of the IUCN governance classification system is to create a standardized framework in which all governance of PAs and PA systems can be assessed, compared, evaluated, and improved. In addition to the type of governance of a PA (Table 5), the quality of governance can also be assessed to the extent of how closely governance principles are followed in the process of making actual decisions. PA governance also concerns de facto decision makers that affect the conservation objectives of the PAs through informal means [8]. For example, ongoing enforcement shortcomings may result in illegal development and commercial exploitation in PAs by members of the public, such as cattle grazing and wood harvesting [32]. Parks Canada has aimed to demonstrate international leadership in establishing the principles of good governance of PAs [31]. In Table 5, we also offer Canadian examples of each category. We present these examples of governance types in Canadian PAs as a stimulus for future discussions on Canadian interpretation of the IUCN PA governance framework.




3.3. Distribution of IUCN Management Categories within Canada’s Protected Areas


The proportion of Canada’s protected area in each IUCN category shows an uneven distribution, skewed towards categories with the strongest restrictions to human activities within them (Figure 2; Table 4). Approximately 82% of all Canada’s protected area is classified as Categories Ib and II and less than 3% in Categories III and IV (Table 4). By definition, PAs in Categories Ib and II are large natural areas (e.g., national parks and wilderness reserves), and given the remote nature of much of Canada, it is perhaps not surprising that they make up a large percentage of the overall area protected. Conversely, PAs in Categories III and IV are usually small areas, because of their focus on protection of particular features (III) or requirement for active management interventions (IV). Hence, Canada’s current division of protected area among these categories is in line with expectations given Canada’s history, settlement patterns, and geography. However, there is little reason that Categories Ia, V, and VI should not have greater representation as they also require large areas to meet their management objectives (especially Categories Ia and VI).



The spatial distribution of Canada’s protected areas is noteworthy for its spatial unevenness. The size of PAs in all IUCN categories generally increases from east to west and from north to south. Hence, the ecozones of Canada have considerably differing amounts, proportions, and patterns of protection, ranging from the smallest amount of area in the southern Mixedwood Plains to the highest in the Southern Arctic. Furthermore, no one category is uniformly dispersed, for example, Categories Ib and II are less abundant in the eastern ecozones (Taiga Shield East and Boreal Shield East). Only four of the eighteen ecozones have PAs in all categories and only Category II is present in all ecozones (Figure 2; Table 4), meaning that no single ecozone closely represents the national pattern. It could be expected that some PA categories would be less well-suited to some ecozones than others; for example, Category I PAs that are large wilderness areas would be difficult to establish in the populated Mixedwood Plains ecozone. Nevertheless, it would seem that managers could work at the ecozone scale to better diversify and/or rebalance PAs in light of neighboring ecozones or the national average.





4. Context for Expanding Canada’s Protected Area in Forested Ecosystems


Globally, terrestrial PAs have increased from covering just 3.45% of land surfaces in 1985 [33] to 13% in 2010 [34]. This expansion has been achieved through a variety of political, legal, and other effective avenues. Given the current extent of de facto protected areas [12], Canada has an opportunity to pursue many of these avenues to improve protection in its forested ecosystems. In this section, we discuss models of PA management and governance that involve a broad range of rights holders and stakeholders. We first provide international examples of how these approaches can be useful in PA system expansion in general and follow up with IUCN categories to target for PA expansion in Canada’s forested ecosystems. We acknowledge that conservation contexts will vary among forested ecozones and what may be achievable in one ecozone, or subregion, may not apply elsewhere due to factors such as industrial allocations, land ownership patterns, and the evolving status of Aboriginal and Treaty rights and land use planning exercises [35].



4.1. Recent International Precedents for Expansion of Protected Areas


Many nations have made commitments to expand terrestrial protected area systems, however progress has been limited [4]. For example, in 2004 over 80% of nations had signed the CBD, thereby committing to protect a portion of all of their ecoregions [36]. As of 2009, less than half of the terrestrial ecoregions had met the target of protecting 10% of each ecoregion by 2010 [4]. Furthermore, only 33% of terrestrial ecoregions have met the more recent target of 17% protection by 2020 [34]. At present, almost all nations have signed on to the CBD, with the exception of the USA who have signed but not ratified the treaty1. Some international examples of recent increases to PA systems are of particular interest, as these offer possible new opportunities or ways of understanding PA expansion. In Table 6, we share a few representative international case studies of PA expansion of relevance to Canadian conditions (Australia and Finland) and other innovative international examples that incorporate climate change adaptation and community participation (South America).



Australian researchers have been active in conservation biology and biodiversity science for the past two decades [37]. Examples of recent innovations include (1) costing the expansion of PA systems [38] and (2) optimizing the allocation of resources between protecting intact habitats versus restoring degraded habitats in order to best facilitate the persistence of threatened species under climate change [39]. Australia’s terrestrial PA systems are noteworthy because of the large portion which is jointly managed with Indigenous peoples. Indigenous Protected Areas (IPAs) are defined by the Australian Government as areas:


“of land and/or sea over which the Indigenous traditional owners or custodians have entered into a voluntary agreement with the Australia Government for the purposes of promoting biodiversity and cultural resource conservation.”



[40]







IPAs made up 30% of Australia’s total area protected in 2012 [41]. The IPA designation was formally recognized in 1997, and has expanded rapidly such that by 2011 there were 48 declared IPAs and another 40 IPA Consultation Projects underway [42]. In theory, IPAs may qualify as any one of the seven IUCN management categories ranging from most to least natural conditions within PAs. In practice, many IPAs have nominated more than one IUCN category. The majority of IPAs are assigned to Categories V (16 IPAs) and VI (31 IPAs) incorporating human–nature interactions and sustainable resource use, respectively [42]. The remainder are assigned to Categories VI (11 IPAs), III (6 IPAs), and II (7 IPAs). IPAs have proven an effective avenue for recent and future growth of the Australian PA system [43].



Colombia, Ecuador, and Peru are three of seventeen mega-diverse countries identified by Conservation International and collectively comprise the majority of the Tropical Andes—a biodiversity hotspot with an exceptionally high concentration of endemic species [44]. These three countries are contiguous and adjacent with shared borders and interconnected habitats and ecosystems. Their respective national PA systems have all undergone rapid, recent expansions within their specific political, legal, and institutional contexts. They have launched a novel initiative to coordinate a collective learning process to develop strategies for climate change adaptation across their PA systems [45].



Finland, like Australia, has been innovative in systematic conservation planning and spatial conservation prioritization [46]. Recently, Finnish scientists have developed methods to optimize the expansion of PA systems by identifying areas that, if protected, would add the most complementary conservation value to existing PAs [47]. This acknowledges the reality of most conservation planning efforts which cannot ignore existing land use patterns and therefore must account for previous limitations, land use plans and existing protected areas in spatial conservation prioritizations (see a past paper [48] for a Canadian example).




4.2. Expansion through Recognition of New IUCN Management Categories and Governance Types


As illustrated by the aforementioned international case studies, diversifying management and governance types represented in the PA systems can expedite and facilitate expansion [31]. There many ways that management and governance diversification can benefit PA system expansion [8]:




	
meeting expansion area targets faster by incorporating into official PA systems de facto protected areas and areas governed by indigenous peoples, the private sector, or shared governance;



	
building connectivity in PA networks by adding stepping stones and corridors that are not publicly owned lands;



	
improving the representativeness and adequacy of PA systems particularly in countries with a large proportion of private ownership; and



	
increasing the number of people involved in conservation which may lead to social acceptance and sustainability of the system.








The success of a diversified PA system will hinge on ensuring that all types of PAs prioritize the long-term conservation of biodiversity based on the ecological principles outlined earlier.



Combinations of IUCN management and governance categories can be expanded into an IUCN Protected Area Matrix (see Table 7). Such a matrix helps to visualize and classify the diversity of PA types that can currently occur in a PA system [8]. It can also be used to consider options for expanding the PA system and for communicating these options to PA agencies and stakeholders. For example, this management–governance matrix could assist in the development of a management framework by filling in all applicable rows of a single column as though they represent nested management arrangements within a single PA or PA system. Nested within a national park, it is possible to define a species management area for a vulnerable species [23] or allocate land for sustainable resource use [49]. There is also a current IUCN adaptation possibility, akin to that of the USA, whereby US National Forests are classified as IUCN Category VI protected areas (Managed Resource Protected Area2). This allows for some forest harvesting, but not comprehensive industrial activity.



Based upon IUCN literature [8] and our understanding of management and governance types, shaded cells in the matrix highlight potential categories that could contribute to the expansion of Canada’s PA system. These are presented as options for consideration, but not necessarily as exhaustive. The “Governance by indigenous peoples” column is highlighted as an ongoing avenue for expansion. Parks Canada is already recognizing the important governance role of aboriginal communities in a variety of PA types either autonomously or through shared governance. The one national park created in 2012–2013 was Nááts’ihch’oh National Park Reserve in the Northwest Territories [23]. Aboriginal communities have developed comprehensive land-use plans that balance cultural and ecological values with opportunities for long-term economic development such as the Tla-o-qui-hat Tribal Parks (coastal British Columbia).



Another key opportunity for expansion highlighted in Table 7 is “Private governance”, informed by the South American and Finnish examples noted earlier. Indeed many more countries have identified private lands as priority areas for PA expansion including the United States, Paraguay, Costa Rica, Bolivia, South Africa, and New Zealand summarized in IUCN [8] and in Jackson and Gaston [52]. They are thought to have the potential to improve the representativeness and connectivity of PA systems [53,54]. However, in Great Britain where PAs are not constrained to public lands (more than half of all PAs are on private lands), there is still biased representation of biodiversity surrogates within the PA system [52]. Biodiversity conservation on private lands may be improved by diversifying landowner engagement strategies beyond the two most common conservation tools: conservation easements and direct payment programs [55]. Current research is focussed on identifying when different conservation tools are most likely to be effective across diverse private lands (e.g., based on ecological dynamics and interactions between individual landholders [56]). More research is needed into the circumstances under which private PAs should be incorporated into national PA systems [8,57].




4.3. Spatial Conservation Planning Opportunities to Enhance Canadian PA Systems


As a large nation with extensive areas with little access or development [12], Canada has globally unique opportunities for using and implementing spatial conservation planning [9]. Powers et al. [48] reviewed scenarios for integrating accessibility and intactness into conservation planning in Canada, using the boreal forest region to illustrate how biological elements, costs, and size considerations can provide analytical criteria for implementation of spatial conservation planning scenarios and to inform prioritization. Beyond criteria-based spatial conservation planning, Powers et al. [58] conducted analyses to incorporate climate change projections and related impact upon vegetation into a Canadian boreal conservation assessment. Similarly, remote sensing and model-derived biodiversity indicators [59] were utilized by Holmes et al. [60] to show that climate change will alter the future vegetation characteristics expected in British Columbia, impacting the nature of protection offer by PA. Spatial data sets, especially those from remote sensing, offer unique opportunities for understanding not only landscape status and protection status but understanding what spatial differences in physical environments relate to biodiversity [61]. In general, these studies show that there is available information and methodological options to inform spatial conservation planning in Canada.



Building upon the above insights and practical considerations, there are a number of strategies/pathways to increase representation and effectiveness goals for PA systems in Canada. We outline here some opportunities with Canadian examples where possible.



Privately conserved areas are increasingly being recognized as a legitimate and effective governance type. They can play a role in increasing the representativeness and connectivity of PA systems, while at the same time engaging actors other than government, which increases conservation awareness and engagement, and ensures the long-term sustainability of the PA system. Examples of this PA type already exist in Canada. The province of Quebec is an example for incorporating private sector actors and NGOs in PA management. In Ontario, Oak Ridges Moraine land-use planning process has protected long, wide corridors on private lands through negotiations between government, NGOs, and the private sector [62].



De facto protected areas [12] could be brought into formal PA systems. To meet IUCN constraints, these areas would have to be primarily managed for nature conservation with up to 25% managed for other compatible reasons, such as sustainable resource use [6]. Given that constraint, not all de facto protected areas could qualify as PAs, but could be considered as “other effective area-based conservation measures” [8]. For example, where conservation is an indirect outcome of other management goals, the area would not meet the IUCN PA definition. More northerly regions may readily meet IUCN PA definitional requirements, with more southerly areas subject to sustainable forest management requiring additional investigation. Of note, Canada has more than 167 Mha of managed forest lands under third party forest certification [63], with ecological considerations, via provision of ecosystem services, included as an element of certification.



Zoning within and around PAs could enhance rather than expand the current PA system by improving its ecological integrity. Zoning within PAs could increase representation of different IUCN categories by creating strong protection zones within lower-level PAs and vice versa. For example, Algonquin Provincial Park has strong protection zoning for 12.6% of the total park area in the form of Natural Environment, Nature Reserve, Wilderness, or Historical zones. Another 65.3% of the total park area is zoned as Recreation/Utilization and includes a sustainable forest industry [64]. Another example of PA’s with multiple levels of protection is the UNESCO Biosphere reserve designation, of which there are currently 13 in Canada. Zoning around PAs provides a means to balance conservation and development across broader spatial scales and among diverse stakeholders and rights holders [65]. Creating buffer or multiple-use transition zones can help maintain the ecological integrity of PAs [13]. Zoning for ecological corridors through developed areas will also be important to allow species to move among PAs to meet their resource requirements or to track suitable habitat as the climate changes.





5. Expansion Scenarios for Canada’s Protected Area Systems: An Example in the Boreal


The protected area targets suggested specifically for Canada range from 12% [66,67], to 20% [68], to 50% [69]. Canada’s PAs are neither balanced in terms of total amount protected, proportion protected, nor balance among IUCN types. For the boreal region specifically, the balance among IUCN types differs substantially across the ecozones (Figure 3b). Two notably large and underprotected ecozones are Boreal Shield East and Taiga Shield East, which currently protect 7% and 3% of their large areas respectively. Expansion to the current 17% federal target [14] in these ecozones is made possible by the de facto opportunities for protection in the boreal relative to the more heavily populated areas further south [12,48], which may have more restrictive pre-existing land-use commitments [9]. The 17% scenario currently under consideration represents more than a doubling of the 8% of the boreal currently under protection (Figure 3a).



Due to political, economic, and social factors that are a necessary part of conservation in practice, there are circumstances in which a government may be limited in its ability to employ systematic, quantitative methods for identifying areas for protection. In those cases, governments may consider other approaches to guide the expansion of PA systems. Two potential approaches (among many) towards expanding Canada’s protected areas would involve (i) expanding the area of existing IUCN categories or (ii) expanding the range of IUCN categories within the PA system (while also increasing the area under protection). The first approach would maintain the same types of IUCN categories that are currently found within each ecozone, and focus on expanding the areas represented by each of these categories. For the boreal example, this would result in more IUCN category Ib (wilderness areas) and II (national parks), as these are currently the most prevalent IUCN categories currently found in the boreal. An alternative approach would be to broaden the range of IUCN categories that are currently represented in each ecozone, thereby introducing new models of protection that are tailored to regional conditions.




6. Opportunities and Conclusions


Currently, PA systems in Canada are dominated by relatively large PAs with strict protection in comparison with other countries. This is especially true for protection in Canada’s forested ecosystems where Categories Ib and II make up 80% of all PAs and 34 PAs are larger than 3000 km2 [9]. Nonetheless, only a small fraction of PAs in Canada meet the size requirements to maintain minimum viable populations of large, wide-ranging mammals or to protect landscape dynamics and natural disturbance regimes [9]. A resilient PA network consists of multiple types of PAs including a system of representative core areas, corridors, stepping stones, and buffers. In this research, we posit that strategic expansion of protection in Canada could benefit from diversification of PA types to make greater use of less restrictive PA types (IUCN Categories V and VI). This would extend biodiversity conservation values across the landscape while strengthening connections among existing PAs. We encourage an ongoing dialogue about PA system diversification by providing Canadian interpretations of IUCN management and governance categories for PAs along with Canadian and international examples of their application. Towards this goal, our synthesis of the literature and current context in Canada indicated the following opportunities.



1. Canadian interpretation and implementation of IPA



International examples of IPA offer insights for implementation in Canada. National circumstances inform the nature of governance possible from IPA. For instance, agreements between Indigenous traditional owners or custodians in Australia have resulted in voluntary stewardship agreements that now result in 30% of national PA. The IPA designation is relatively new, with formal recognition in 1997, leaving opportunities for definition and implementation in a Canadian context. IPA can be created over a number of IUCN categories, although most frequently those (e.g., Categories V, VI) that allow for some human–nature interaction or sustainable resource use.



2. Identify and augment private PAs



An important next step to inform PA system diversification will be to identify opportunities for private PAs. We propose mapping privately owned lands within de facto PAs [12] to determine candidate private PAs. As a second step, the map of candidate PAs should be assessed for their complementarity to the existing PA portfolio [47], particularly within its ecozone. This assessment would be based on the degree to which candidate PAs contribute to the representativeness and effectiveness of the PA system and their degree of irreplaceability. Private lands offer opportunities for PA expansion through provision of habitat and harbors for endangered or threatened species [70]. Knowledge of the ecological contribution of private lands can be combined with cultural, economic, and sociopolitical considerations to designate new PAs.



3. Clarify IUCN categories of PAs



Reporting IUCN categories for PAs is particularly challenging because the data is dispersed across the different governing agencies, noting that there are guidebooks to help standardize the assignment of IUCN categories [6,28]. However, despite best efforts, the present assignment of protected areas to IUCN categories globally does not correspond to the expected gradient of naturalness [29]. The management and governance categories discussed herein can help to enhance biodiversity representation and persistence by identifying balanced solutions when working with diverse rights holders and stakeholders, as well as considering formalizing protection of large, de facto PAs. Future work will also require assigning PAs to governing categories that may prove even more challenging since PA governance may be subject to change over time.



4. Value connectivity in PA assessments



Maintaining and enhancing the connectivity of protected landscapes will be critical as climatic change redistributes species habitats [71] and alters the frequency, extent, and intensity of disturbances [72]. This may be especially (though not exclusively) relevant in boreal regions, where disturbances can be large and contiguous [73]. For species to respond to climate-induced changes and maintain viable populations, PA systems must be conscious of the evolutionary continuum [74] and designed to allow for broad-scale traversability of the landscape. Improving the connectivity among PAs is a way to increase the persistence of biodiversity across the network of PAs. Recent work across large areas, including with Zonation [47,75] and circuit theory [76,77,78] point toward spatial data informed decision support tools that explicitly consider a variety of measures of connectivity.



5. Consider tradeoffs



Systematic conservation planning [79] will require the a sophisticated understanding of a wide number of tradeoffs among multiple actors. As planners contemplate PA expansion, they can consider some of the following tradeoffs: biodiversity representativeness versus ease of implementing protection across different ownerships; the economic costs of implementing protection on private lands and public perception of payments; the tradeoff between connecting existing PAs versus protecting isolated but important habitats; tradeoffs between megafauna-heavy conservation areas and other important ecological criteria; tradeoffs between different aspects of biodiversity; and tradeoffs between known critical needs of today versus the less certain estimated needs of tomorrow.



6. PA data



Any future research extending the scope of this research should begin by revisiting the PA data used for this analysis. Conservation Areas Reporting and Tracking System [24] is the primary source for information on Canada’s PAs. It is unclear, however, to what extent this source is consistent with other sources such as Environment Canada’s Environmental Indicators on Protected Areas and the World Database on Protected Areas. Many countries are currently in the process of putting in place formalized reporting structures for PAs. Canada is relatively advanced in this regard although we suspect that the reporting of private PAs is less consistent than that of public PAs.



Protection of natural spaces for habitat, wildlife, and provision of ecosystem services are an important component of land and forest management. Given the stated national target, that “by 2020, at least 17% of terrestrial areas and inland water are conserved through networks of protected areas and other effective area-based conservation measures” [5] (p. 45); this is a critical period in the history of Canadian land/water management. Ongoing technological advances in remote sensing, GIS, and modeling have made it newly possible to analyze the state of Canada’s many landscapes, model the impacts of management decisions, and plan for the future. As a number of different stakeholders and rights-holders collaboratively map current and future land uses onto forest landscapes, science-based conservation targets and spatial prioritizations must be ready and accessible to inform this process. To this end, we have provided an overview of the theoretical framework of spatial conservation prioritization rooted in ecological concepts. By synthesizing the relevant literature in the Canadian context, our objective was to highlight the opportunities available to expand protected areas in Canada, while also broadening engagement and recognizing that conservation is not one-size-fits-all. This work offers a source of options and opportunities to inform conservation agencies with ideas, options, and approaches to expand Canada’s PA systems. Multiple actors and agencies, each working within their own stewardship constraints and opportunities, can combine to respond to the stated national priority of protecting more of Canada’s natural area.
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Figure 1. Map of Canadian protected areas and ecozones. Zoom views are provided of select areas to illustrate the context of smaller PAs. IUCN management categories are described in Table 3. Ecozones as described in [18] and labeled in Figure 2. 
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Figure 2. National map of ecozones with pie charts individually illustrating the breakdown of protected areas by ecozone into IUCN categories. Note: Ecozones differ with respect to the total amount of area protected (see Figure 3) [24]. 
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Figure 3. IUCN management categories for PAs in boreal ecozones, aiming to show balance among IUCN types. The stacked bar for each ecozone shows (a) the proportion by total amount of protected area found in each boreal ecozone ([9] and (b) the proportion by amount of protected area in each ecozone. 
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Table 1. Total percentage of terrestrial area protected by province and territory, Canada, 2016. Note that areas reported include land and freshwater, but not marine areas. Also note that not all jurisdictions in Canada report on protected areas that are privately owned.
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	Province or Territory
	Provincial or Territorial Area (Square Kilometres)
	Area Protected (Square Kilometres)
	Percentage of Province or Territory Protected
	Percentage of total National Area under Protection





	British Columbia
	944,735
	144,858
	15.3
	13.76



	Alberta
	661,848
	83,140
	12.6
	7.90



	Nova Scotia
	55,284
	6513
	11.8
	0.62



	Yukon
	482,443
	56,334
	11.7
	5.35



	Manitoba
	647,797
	71,139
	11
	6.76



	Ontario
	1,076,395
	114,470
	10.6
	10.87



	Nunavut
	2,093,190
	211,299
	10.1
	20.07



	Quebec
	1,512,418
	150,588
	10
	14.31



	Northwest Territories
	1,346,106
	125,657
	9.3
	11.94



	Saskatchewan
	651,036
	55,654
	8.5
	5.29



	Newfoundland and Labrador
	405,212
	29,472
	7.3
	2.80



	New Brunswick
	72,908
	3378
	4.6
	0.32



	Prince Edward Island
	5660
	180
	3.2
	0.02



	Totals
	9,955,032
	1,052,682
	
	100.00
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Table 2. Area protected by federal agency, Canada, 2016.
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	Jurisdiction
	Terrestrial Area Protected (Square Kilometres)
	Percentage of total National Area under Protection





	Parks Canada
	338,964
	32.2



	Environment and Climate Change Canada, Canadian Wildlife Service
	104,854
	10.0



	Indigenous and Northern Affairs Canada
	34,945
	3.3



	Fisheries and Oceans Canada
	0
	<0.1



	National Capital Commission
	462
	<0.1



	Correction for overlap among jurisdictions
	−10,868
	−1.0



	Grand total
	468,357
	44.5







Note: Terrestrial areas include both land and freshwater. Entries represent the total area protected by each federal jurisdiction, accounting for any overlaps that may exist. This correction is made to avoid double-counting areas that benefit from more than one protection mechanism. No correction has been made for overlap between terrestrial and marine polygons resulting from variable definitions of coastlines or mapping artefacts. Areas under shared federal–provincial jurisdiction are included. Prairie Farm Rehabilitation Administration lands (Community Pastures) are being returned to provincial control and are no longer considered protected by a federal department. Source: Conservation Areas Reporting and Tracking System (CARTS) [24] (www.ccea.org/carts/).
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Table 3. IUCN management categories for protected areas with Canadian examples.
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	Management Category
	International Name *
	Description
	Canadian Example **





	Ia
	Strict Nature Reserve
	Areas subject to strict controls on human visitation, use, and impacts for the conservation of biodiversity and geological/geomorphological features;erve as important references area for scientific research and monitoring.
	The terrestrial portion of Funk Island Ecological Reserve (Newfoundland and Labrador) is primarily managed for biodiversity and habitat conservation. Access is restricted to people conducting approved scientific research.



	Ib
	Wilderness Area
	Areas that are large and unmodified (or slightly modified) protected and managed to retain their natural condition.
	Tobeatic Wilderness Area (Nova Scotia) primarily manages for wilderness protection and maintenance of species/genetic diversity. Its secondary management objective is low-impact recreation and scientific research.



	II
	National Park
	Areas that are large and natural (or near-natural) dedicated to protecting large-scale ecological processes, characteristic species and ecosystems, and offer visitor opportunities.
	Wood Buffalo National Park (Alberta) has many management objectives including perseveration of species and genetic diversity, recreation and tourism, scientific research, and wilderness protection.



	III
	Natural Monument
	Areas that protect specific natural monuments (e.g., caves) or living features (e.g., ancient groves). These are often smaller areas that receive many visitors due to high historic or cultural value.
	The Nisutlin River National Wildlife Area (Yukon) has management objectives that include protecting biodiversity and habitats, maintaining traditional and current use of the territory by Teslin Tlingit, and encouraging awareness through public visitation.



	IV
	Species/Habitat Management
	Areas devoted to species or habitat conservation, often focusing on species or habitats of particular concern and requiring active management interventions.
	Last Mountain Lake National Wildlife Area (Saskatchewan) manages for protection of ecosystems and biodiversity.



	V
	Protected Landscape/Seascape
	Areas with a distinct character and significant ecological and cultural values resulting from the interaction of people and nature over time.
	The National Capital Greenbelt (Ontario) is managed to protect natural and cultural resources, provide opportunities for recreation, and safeguard the working rural landscape.



	VI
	Protected areas with Sustainable use of Natural Resources
	Areas that are large and jointly conserve ecosystems, habitats, cultural values, and traditional natural resource management systems. The majority of the area should be in a natural condition and the reminder under sustainable natural resource management.
	Churn Creek Protected Area (British Columbia) is managed for the preservation of natural and cultural features, tourism and recreation, maintenance of cultural and traditional attributes, and sustainable resource use.







* International name does not necessarily correspond with Canadian usage of the same term. For example, Cypress Hills Interprovincial Park is classified as Category II National Park. ** Canadian examples were taken from CCEA [28] except for Category V which came from Swinnerton and Buggey [30]. Source: Adapted from IUCN [7].
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Table 4. Protected areas (PAs) in Canada, by IUCN class.
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	IUCN Management Category
	IUCN International Name
	Percentage of total National Area under Protection
	Percentage of total National Area





	Ia
	Strict Nature Reserve
	1.0
	0.1



	Ib
	Wilderness Area
	33.2
	3.5



	II
	National Park
	48.8
	5.1



	III
	Natural Monument
	0.2
	<0.1



	IV
	Species/Habitat Management
	2.0
	0.2



	V
	Protected Landscape/Seascape
	0.4
	<0.1



	VI
	Protected Area with Sustainable Use of Natural Resources
	14.4
	1.5



	Total
	
	100.0
	10.5
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Table 5. IUCN governance categories for protected areas with Canadian examples ** (adapted from IUCN [8]).
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	Category
	International Name
	Description
	Sub-types/Authority with Canadian Examples [ ]





	A
	Governance by government
	One or more government bodies holds authority, responsibility, and management accountability. Alternately, planning and/or daily management tasks may be delegated to other actors.
	
	
Federal or national ministry or agency [The majority of Canada’s national Park System is managed by Parks Canada *]



	
Sub-national ministry or agency [Algonquin Park (Ontario) is managed by Ontario Parks.]



	
Government delegated manager [Quebec’s Zones d’exploitation contrôlée (ZEC) are hunting grounds located on public lands but management and conservation is carried out by an NGO.]








	B
	Shared governance
	Several actors formally and /or informally share authority using institutional mechanisms and processes.
	
	
One or more sovereign State or Territories governing Transboundary PA [Canada and the United States formed Waterton-Glacier International Peace Park by the merger of the Water lakes and Glacier National Parks in 1932.]



	
Diverse actors and institutions working in collaborative governance [Cypress Hills Interprovincial park (Alberta, Saskatchewan)]



	
Pluralist board or other multi-party governing boding working in joint governance. [The Gwaii Haanas Agreement is a cooperative agreement between the Haida Nation and the Government of Canada for the governance of the Gwaii National Marine Conservation Area Reserve (British Columbia).]








	C
	Private governance
	Land owner retains authority for managing PA subject to government legislation and restrictions. Government recognition of land owner’s authority is required to ensure accountability.
	
	
Individual land owners [Quebec’s Natural Heritage Conservation Act allows the Minister of Sustainable Development, Environment, Wildfire and Parks to recognize private properties as nature reserves.]



	
Non-profit organizations [Gault Nature Reserve (Quebec) is owned by McGill University.]



	
For-profit organizations [Haliburton Forest and Wild Life Reserve Ltd. (Ontario) is a 300 km2 privately owned forest near Algonquin Provincial Park managed for conservation, tourism, and timber.]








	D
	Governance by indigenous people and local communities
	Indigenous peoples and/or local communities hold management authority and responsibility through various forms of customary or legal institutions and rules.
	
	
Indiginous peoples [Tla-o-qui-hat Tribal parks (British Columbia) are watersheds managed by Tla-o-qui-aht First Nations to integrate human and ecosystem well-being.]



	
Local communities [We are unaware of any examples of this sub-type at the present time.]












* Thirteen National Parks are governed collaboratively (Category B) through cooperative management boards between Parks Canada and the First Nations on whose territories the parks are located. ** Canadian examples are our own interpretations of the IUCN governance categories in the Canadian context with the exception of the Gwaii national Marine Conservation Area, which was presented as an example of Category B in IUCN Governance of Protected Areas [8].
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Table 6. International examples of protected area system expansion.
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	Country
	Percentage of Protected Terrestrial Area in 2012
	Increase in Percentage of Protected Area from 1990 to 2012
	Lessons Learned





	Australia
	12.85
	5.74
	
	
Ability to subdivide private lands will greatly influence costs of PA expansion and may result in protection of some lands with lower conservation value [38].



	
Habitat protection is the primary action required to maintain threatened species with reference to climate change, although restoration plays an important role for some species and locations [39].



	
Comanagement of PAs with Indigenous groups, NGOs, and business organization should adapt based on ongoing evaluation of comanagement [43].








	Columbia, Ecuador, Peru
	21.18, 23.73, 19.06
	1.89, 1.88, 14.33
	
	
Transnational coordination of PA systems can improve the effectiveness of PA systems as they respond to climate change.



	
Participatory zoning can integrate local people into PA management [49].



	
Comanaged public, private, and community-based PAs need management plans that define cooperation, coordination and participation frameworks for PAs and related buffer zones [50].








	Finland
	15.10
	10.73
	
	
Spatial conservation priorities need to account for the quality and connectivity of existing PAs [47].



	
The majority of high-quality, unprotected forests (in southern Finland) are on privately owned lands [47].



	
Flexible, voluntary-based conservation agreements facilitate the recognition of private PAs by government PA agencies.



	
Inverse spatial conservation prioritization can minimize the negative ecological effects of extractive resource use [51].












Source for all PA coverage estimates: IUCN and UNEP-WCMC [3].
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Table 7. IUCN Protected Area Matrix. Light grey cells indicate key opportunities for expansion of Canada’s PA systems. Source: Adapted from IUCN [8].
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Governance Category




	

	
A. Governance by Government

	
B. Shared Governance

	
C. Private Governance

	
D. Governance by Indigenous People and Local Communities






	

	
Federal or national ministry

	
Sub-national ministry or agency

	
Government-delegated manager

	
One or more sovereign states or territories governing transboundary

	
Diverse actors and institutions working collaboratively

	
Pluralist board or other multi-party governing body working in joint governance

	
Individual land owners

	
Non-profit organizations

	
For-profit organizations

	
Indigenous peoples

	
Local communities




	
Management Category

	
Ia

	

	

	

	

	

	

	

	

	

	

	




	
Ib

	

	

	

	

	

	

	

	

	

	

	




	
II

	

	

	

	

	

	

	

	

	

	

	




	
III

	

	

	

	

	

	

	

	

	

	

	




	
IV

	

	

	

	

	

	

	

	

	

	

	




	
V

	

	

	

	

	

	

	

	

	

	

	




	
VI
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