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Executive Summary 

Parks Canada and the Canadian Parks Collective for Innovation and Leadership teamed 

up to undertake a horizon scan to inform the management of protected areas in Canada. 

This scan was conducted in close collaboration with partners, so that results obtained 

benefit all and support conservation planning and actions across the country. Parks 

Canada will use the results of the horizon scan to inform its own research agenda. This 

report compiles the issues explored in the data gathering phase of the Horizon Scan 

process. 

A total of 189 submissions were received through a crowd sourcing approach with the 

Canadian Parks Collective for Innovation and Leadership (cpcil.ca) by a broad range of 

scientists, practitioners, managers, and staff from ENGOs (environmental non-

government organizations), academia, parks and protected areas agencies, and others.  

The issues covered a wide range of topics such as climate change, ecosystem services, 

impacts and stressors, synthetic biology, tools and data, Indigenous governance and 

knowledge systems, planning, management, pathogens and invasive species, and various 

other topics. Several issues were combined due to overlap. This report provides the full 

list of issues that were submitted, organized into themes.  

Subsequent to the compilation of issues, the remainder of the Horizon Scan process 

included a triage and ranking of the issues, and the writing of a manuscript 

(forthcoming). The 188 topics were collapsed into 77 distinct issues that 34 protected 

area experts, from across the country, were invited to debate and score (one issue was 

removed since it was not an identifiable issue). Following a workshop (a modification of 

the Delphi method), 16 topics were considered of greatest impact to the future of 

protected areas. These 16 topics will be more fully explored in a forthcoming manuscript.  

The focus of this horizon scan was on ecosystem conservation and management in 

protected and conserved areas, and there remains a need to explore horizon issues in 

social and recreational dimensions of parks and protected areas. The intent of this list of 

nearly 200 emerging issues is to provide insight to inform work of protected areas 

planners, managers, researchers, and policy makers in Canada. The goal of an Horizon 

Scan is to simply identify issues; thus identifying next steps and actions will be up to 

individuals involved with protected areas. 
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1. Introduction 

1.1 Background 

Parks and protected areas managers need knowledge of the challenges and opportunities 

that may influence the stewardship and conservation of protected areas as they make 

decisions for the future. Among a number of methodologies under the “future research” 

approach, horizon scanning is often used to detect early signs of potentially important 
developments through a systematic examination of potential threats and opportunities. 

Parks Canada and the Canadian Parks Collective for Innovation and Leadership (CPCIL) 

teamed up to undertake a horizon scan to inform the management of protected areas in 

Canada. This scan was conducted in close collaboration, so that results obtained benefit 

all and support conservation planning and actions across the country. Using the Horizon 

Scan methodology, the scan has identified emerging issues with the potential to affect 

ecosystems and ecosystem services in protected areas across Canada (Sutherland et al. 

2011; 2020).  

Throughout this process, we included protected areas in the widest sense: the entire 

protected areas portfolio, including federal, provincial, and territorial parks and 

protected areas, Other Effective Area-based Conservation Measures (OECMs), 

Indigenous Protected and Conserved Areas (IPCAs), managed by private, public, 

Indigenous or any other entity. 

The Conservation Through Reconciliation 

Partnership (CRP) has advised Parks Canada to 

identify issues that are of importance to Parks and 

Protected areas in the country. In particular, the 

CRP is helping to ensure the Indigenous Circle of 

Expert (ICE) recommendations are considered 

and acted upon through the Parks Canada 

Research Agenda in the spirit of reconciliation. As 

a result, they have provided Parks Canada with a 

separate Briefing Note. 

 

This report presents the list of all the issues that were submitted during the process. We 

have organized them into themes for ease of reading, but many issues overlap more than 
one theme.  

“The Conservation through 

Reconciliation Partnership is a seven-

year initiative that aims to critically 

investigate the state of conservation 

practice in Canada and support efforts 

to advance Indigenous-led 

conservation in the spirit of 

reconciliation and decolonization.”, 

https://conservation-

reconciliation.ca/) 
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1.2 Objectives 

Parks Canada wanted to identify emerging/horizon issues that could impact ecosystem 

conservation and management in Canadian protected and conserved areas in the next 5 

to 10 years. The scope encompassed all types of protected and conserved areas, rather 

than being limited to Parks Canada sites. Accordingly, the scope for the Horizon Scan 

included establishment, conservation for ecological integrity or ecologically sustainable 

use, as well as the provision of ecosystem services.  

2. Methods 
The Horizon Scan methodology is a modification of the Delphi technique which ensured 

that the process is repeatable, inclusive and transparent to all participants (Sutherland et 

coll. 2011; Mukherjee et coll. 2015). The first step in the scanning process was identifying 

the topics. Scientists, natural resource managers, conservationists, land managers, 

students, and academics were invited to submit issues via the CPCIL website (cpcil.ca) or 

directly to the Office of the Chief Ecosystem Scientist at Parks Canada.  

In this first crowdsourcing phase, emerging issues were defined as issues that are not yet 

being addressed. Horizon issues were defined as issues that could potentially have a 

significant impact on ecosystems and species in the next 5 to 10 years. For this project, 

the identified issues were expected to impact ecosystems and the services they provide, 

such as clean air and water. The resulting submissions are included in this report. 

The second phase of the Horizon Scan process included the scoring and ranking of issues 

by an expert group, with the preparation of a manuscript of the most highly ranked 

issues (forthcoming). 

This list of issues is a snapshot of current perceptions of future ecological pressures and 

issues facing protected areas in a current, emerging, and horizon time frames. The 

results presented here are a reflection of experts and practitioners who were involved in 

the Horizon Scan, and accordingly are not considered to be an exhaustive or definitive 

list. However, those surveyed in the Horizon Scan represent a cross-section of 

individuals working at the forefront of their respective fields in relation to protected and 

conserved areas. We consider that their perspectives, and their ensuing deliberations 

during the Scan, have provided substantial insight to the identification of upcoming 

needs for effective protected area management. 

3. Emerging Issues 
Of the 188 issues that were submitted, most were either emerging issues or current 

issues for protected areas. Although climate change itself would no longer be considered 
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a Horizon issue (because the impacts are acknowledged and currently apparent), climate 

change was a prevalent theme in ~24% of all submitted issues (fig. 2). Protected areas 

management and planning made up a combined 26%, impacts and stressors was the 

second most common topic with 22%. Indigenous governance and knowledge systems 
made up ~7% of the originally submitted topics (fig. 2).  

Below are the titles of the issues that were submitted. Issues may appear under different 

topics. The originally submitted issues in their full length can be found in the Appendix. 

These were not altered, except for spelling errors. 

 

Figure 2 Percentage distribution of all original submissions per theme. 

3.1 Climate Change 

Climate change was a topic for ~24% of all submitted issues. Many of the submitted 

issues are well-known and would not be considered emerging, but present nevertheless 

challenges for protected areas. Issues covered all areas of climate impacts, mitigation, 

and adaptation. It is clear that many questions about the impacts of climate change 

remain unanswered. The issues included topics such as changes in wildfire regimes, 

habitat fragmentation and species migrations, the loss of ecosystem services, and the 

increase in climate variability. Future management strategies and the role of protected 

areas in addressing these issues were a common theme across most issues.  

1. Are wildfires increasing with climate warming?  

2. How will climate-driven changes to the natural fire regime of northern boreal 

forests affect the distribution and abundance of barren ground caribou? 

24%, Climate 
change

4%, 
Ecosystem 

services

22%, Impacts 
and stressors

3%, Synthetic 
biology

6%, Tools and 
data

7%, Indigenous 
governance and 

knowledge 
systems

12%, Protected 
areas planning

14%, Protected 
areas 

management

5%, Pathogens, diseases 
and invasive species

7%, Various
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3. What will be the impact of climate change on species distributions and ecosystem 

processes (fire, water conservation, dispersal)? 

4. Further examination of changing fire regimes with respect to climate change and 

how current fire management practices can be adapted to create more resilient 

landscapes is needed. 

5. Is habitat fragmentation and loss of species corridors in both terrestrial and 

aquatic systems more problematic with climate warming? 

6. There is a need to describe, evaluate, and predict the immediate and long-term 

effects of wildland fire on ecosystems (and their components) and ecological 

health and resilience, especially in the context of a changing climate. 

7. Will climate change lead to phenological mismatches among interacting species 

that negatively impact wildlife populations? 

8. Understanding northern shifts when it comes to species range.  

9. Impact of climate change on the habitat of species in the Arctic, at the scale of a 

park rather than at a regional scale. 

10. The implications of climate change on winter conditions for Arctic ecosystems 

and wildlife. 

11. Should parks and protected areas be used for trials of assisted colonization or 

managed relocation of species for climate adaptation? 

12. Research on non-native vegetation establishment and spread with respect to 

climate change. 

13. Changing winter ice conditions impact species. 

14. How will climate change affect the ecosystem services of protected areas, how can 

we quantify, monitor, and mitigate the impacts? 

15. Are our parks and protected areas sufficient to cope with the effects of climate 

change?  

16. Snow patterns are expected to have impacts on all components of these 

ecosystems and the many wildlife species that are found in our protected areas. 

17. How permafrost melting and slumps will affect the life in the rivers and therefore 

human use of waterways in the context of the crystallized/inflexible protection 

types and boundaries typically found in conservation planning and land use 

planning initiatives.  

18. Understanding the implications of climate change for "littoral zones". 

19. The implications of climate change in the shift in ranges of flora and fauna, the 

vulnerability of endangered/threatened species, and the natural and physical 

assets within protected areas.  
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20. Which valued biodiversity and/or ecosystem components, relationships and 

processes are most likely to benefit from climate-induced expansions or the 

creation of new habitat? 

21. Which biodiversity and/or ecosystem components, relationships and processes 

operate at temporal and spatial scales that are too large to be adequately 

accommodated within existing protected areas and other effective area-based 

conservation measures, especially in the context of climate change? 

22. What are the spatial locations and extents (geographic locations and boundary 

delineations) sufficient to accommodate the large-scale biodiversity and 

ecosystem components and processes in the context of climate change? 

23. How will permafrost warming alter northern Canadian ecosystems? 

24. The long-term impacts of climate change on vernal pools. 

25. Climate reference sites 

26. What are the projected climate-driven changes to lake and river ice in the 

Northwest Territories, and what types of adaptation strategies can be 

implemented to mitigate these changes for surrounding Indigenous 

communities? 

27. How well will existing protected areas mitigate the impacts of climate change on 

biodiversity; will national parks function as a regional 'lifeboat'? 

28. How can protected areas adapt to ecological niche changes associated with 

climate change? 

29. How can we project for variability in timing, quantity, and quality of water flow? 

30. Could park ecosystems be used as reference sites in the debate on the role of 

natural forests in mitigating climate change.  

31. Research and monitoring related to potential restrictions to navigation and other 

activities on and around Sea Ice. 

32. Current models of carbon dynamics consider soil-plant interactions and 

exchanges but do not account for the role of wild animals in the carbon cycle.   

33. What investments are required to make park infrastructure resilient to a changing 

climate? 

34. How can protected areas be designed to allow climate-change migrants to adapt 

by moving within and between protected areas?  

35. In what way can new protected areas mitigate the impacts of climate change on 

biodiversity; how well does the national plan for new national parks align with 

predicted climate change impacts? 

36. How can we re-assess our priorities to account for the projected changes driven 

by climate change?  
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37. How can protected areas network be designed spatially to adapt to climate change 

while meeting the objectives of biodiversity, native species, and long-term 

resilience?  

38. Despite the numerous benefits of using climate change refugia to guide protected 

areas acquisitions and connectivity planning, to date, climate change refugia have 

not informed the selection of candidate protected areas.  

39. The use of ecosystem-based management to protect frontier Arctic fisheries from 

industrialization and incoming species migrations due to climate change.  

40. How may the cultural norms and approaches typically used by protected and 

conserved area managers be shifted to more effectively align with conservation 

science, especially regarding large-scale and cross/trans-boundary biodiversity 

and ecosystem components and processes, including climate-related changes?  

41. How might climate-resilient ecosystems and biodiversity be integrated into 

protected and conserved systems or network plans?  

42. Need to understand how landscapes can be designed and managed to provide 

habitat for biodiversity, promote connectivity between protected areas, increase 

the capacity of species to respond to environmental threats, and assist species in 
climate change adaptation through climate-informed protected area networks. 

43. Climate change: changes in precipitation, temperature and seasonality can impact 

phenology and life cycles of organisms. Can we predict where these impacts will 

be greatest (i.e., the intersection of climate change and organismal sensitivity), 

and how to mitigate these impacts? 

44. Is there a need to establish "carbon protected areas" and/or "OECMs" to enhance 

nature-based solutions to climate change? 

45. We need more research on reclamation and restoration of native plant 

communities – especially in light of climate impacts on species range/distribution 

and impacts of CC on invasive vegetation. 

46. Winter landscape is also becoming very different because of climate change. 

3.2 Ecosystem services 

Four percent (4%) of issues addressed the role and valuation of ecosystem services 

provided by protected areas. The issue of quantifying and qualifying ecosystem services 

was a cross-cutting theme. Ecosystem services are the direct and indirect benefits that 

society receives from an ecosystem, which include a suite of provisioning, regulating, 

supporting and cultural services. The health of an ecosystem can be measured by its 

extant ecosystem services, and these are also important factors in monitoring and 
evaluating ecological integrity of conserved and protected areas.  
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1. How should area-based conservation organizations approach understanding, 

valuing, prioritizing, and managing for multiple ecosystem services?  

2. How can the global community support the protection of internationally 

significant ecological service/biodiversity areas, so that they are protected for all 

of humanity while supporting the responsible jurisdiction?  

3. How can the value of ecosystem services be combined with the other values 

assigned to protected areas to better reflect the true value of protected areas for 

the entire population?     

4. Which biodiversity and/or ecosystem components are not likely to be adequately 

protected or conserved through a focus on ecosystem services? 

5. The value that protected and conserved areas can provide to ecosystems beyond 

boundaries is underestimated. 

6. What are ways in which ecosystem services can be accounted for in protected 

areas planning? 

7. How can we integrate the concept of ecosystem services into natural capital 

assessment and accounting? 

8. Are projects and programs having their intended impacts on ecosystems and 
ecosystem services?  

3.3 Impacts and stressors 

The Horizon Scan identified many impacts and/or stressors that already pose, or are 

likely to pose a significant threat to protected areas. Impacts and stressors accounted for 

~22% of the issues. Key themes included the long-standing questions associated with 

thresholds for disturbances and cumulative impacts as well as a long list of specific 

impacts. 

1. What are the levels of human disturbance that are acceptable in PAs before it 

becomes detrimental to wildlife (including plants) health, condition, and fitness? 

2. What will be the effect of increasing land use around protected areas and the 

increasing movement of people from cities to rural areas? 

3. What effects are COVID escapism and selfie questing having on visitation 

increases to protected areas, including undesignated crown land that attracts 

random campers?  

4. Human activities and landscape modification leading to increased isolation of 

wildlife populations, loss of genetic diversity, and irreversible stochastic 

extinction. 
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5. How are we considering the urban pressures/protected areas paradox that is 

urban sprawl/urban margins impacting Southern Canadian landscapes in a 

disproportionately significant way to biodiversity?  

6. How do we predict the future cumulative impacts of multiple environmental 

stressors on biodiversity and related ecosystem functioning and services? 

7. What will be the effect of alienation of most people from nature.  

8. The need to better understand the cumulative effects of stressors and pressures 

on ecosystems to identify ecosystem tipping points and successional pathways. 

9. What infrastructure improvements and innovations are required to manage and 

reduce the ecological impact of increased visitation in parks and protected areas? 

10. What are the impacts in small parks of ungulate herbivory that experience large 

population increases because they are not hunted inside the parks?   

11. The cumulative impacts of motor vehicle spills on the natural environment and 

the integrity of terrestrial and aquatic systems.  

12. Research to establish the most effective management systems for motorized 

recreation that satisfy the most number of recreational users on the landscape, 

while supporting the ecological threshold of the ecosystems, and minimizes 

impacts to environmental and cultural ecosystem services. 

13. Establishing harvest limits for species within parks to maintain sustainable 

populations and continued ecosystem services and function. 

14. What are the genetic and evolutionary impacts of trophy hunting of ungulate 

males that originate from parks? 

15. Ocean acidification may be one of the most important emerging issues regarding 

coastal health. 

16. Is the exceedance of the planetary boundary for nitrogen an emerging issue for 

protected areas?  

17. What are the consequences of the global decline in insect populations on the 

biological diversity and functioning of Canadian ecosystems?  

18. Are there thresholds in the quantity and type of recreational activities in parks 

beyond which the indirect effects of sub-lethal disturbances (e.g., habitat 

displacement, stress) lead to wildlife population declines and associated impacts 

on ecosystem functions? 

19. What impact is managed pollinators having on our protected areas?  

20. The impact of light pollution on plant and animal species that are either a major 

part of food chains or are charismatic indicators of the health of ecosystems.  

21. Impacts on aquatic systems and aquatic health from pharmaceuticals and 

microplastics in wastewater is an emerging environmental issue.  
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22. Emerging Contaminants in Wastewater. 

23. Expanding transportation corridors and marine traffic in the North. 

24. Development of offshore wind power. 

25. What will the impacts of decommissioning fossil fuel and large hydro 

infrastructure have on Canada's ecosystems? 

26. Increasing levels of anthropogenic noise pollution (ANP) can have clear effects on 

breeding dynamics of protected bird species; however, the role of ANP in aquatic 

systems is just now beginning to be appreciated. 

27. Wild Pigs increase in number and range across several provinces (SK, MB, ON, 

AB, BC). 

28. There is a need to coordinate a program to monitor and assess the consequences 

of the mountain pine beetle in the mountain parks.  

29. The impact (threats and opportunities) of planting 2 billion trees. 

30. How will the Base Mine Extension Project, proposed by Suncor Energy Inc., 

impact neighbouring ecosystems?  

31. What will the impact of emerging trends in exports of biofuel from Canadian 

forests be on the ability of Canada's forests to provide climate change mitigation 

and adaptation benefits as well as their ability to continue to provide habitats for 

Canada's forest species - both those at risk and those not yet at risk? 

32. Ensuring that the build-out of renewables is good for biodiversity.  

33. How does the use of areas outside protected areas affect ecosystem functioning 

inside protected areas? 

34. What is the Arctic coastal erosion rate and how does it affect Arctic heritage sites, 

bird sanctuary, wetland habitat, water quality, and northern communities? 

35. The hidden consequences of carrying and spilling agricultural products from 

trains through protected areas? 

36. Can land-use activities outside/around protected areas reduce edge effects and 

isolation and promote connectivity across protected area networks? 

37. How are cumulative impacts being included in the evaluation of new protected 

areas and conservation planning in Canada? 

38. In what ways can biodiversity and area-based conservation measures be 

effectively incorporated into Environmental Impact Assessment at various levels? 

39. While much attention has been placed on establishing new protected areas to 

reach our commitments for 25% protection of Canada's lands and waters by 2025, 

there is currently a lack of literature in Canada speaking to PADDD events 
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(protected area downgrading, downsizing, and degazettement). Tracking PADDD 

events can help to inform the quality of this protection over time. 

40. Many parks are primarily made for human use and as businesses while 

conservation is more an afterthought. 

41. Are algal blooms increasing in Park lakes and if so, is there also a shift towards 
dominance of cyanobacteria (blue-green algae)? 

3.4 Synthetic biology 

Three % of the issues fell under synthetic biology. Synthetic biology refers to redesigning 

organisms for useful purposes by engineering them to have new traits and abilities 

(Benner and Sismour 2005). Synthetic biology poses threats (unintentional release of 

GMO into nature), as well as opportunities (managing invasive species) for protected 

areas managers.  

1. The use of CRISPR-CAS9 gene drives to manage native and invasive species.  

2. Under what conditions should GMOs, gene drives, and synthetic organisms be 

used in managing undesirable species (including pathogens) in protected areas? 

3. What are the risks and feasibility of gene drive technology to remove invasive 

rodents? 

4. Impact of genetically modified crops on insects. 

5. The release of genetically modified species into the general population. 

3.5 Tools and data 

A variety of tools already in use, or with considerable future potential, were highlighted 

in the Scan. Tools and data related topics made up ~6% of all submitted issues. These 

include environmental DNA, satellite imagery (i.e., radar, remote sensing), and the use 

of systematic reviews. With increasingly abundant data, several issues expressed the 

need for efficient data management systems and the accessibility of research data in 
usable formats. 

1. Long-term monitoring of the water level fluctuation in wetlands using advanced 

radar satellites. 

2. Standardization and integration of eDNA techniques into ecological integrity 

monitoring.  

3. How can eDNA be used as a tool for non-aquatic environments, including for 

species at risk and invasive species?  

4. What new tools could address the increasing prevalence of human-wildlife 

conflict adjacent to protected areas? 
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5. Technology and nature often seem contradictory but there are areas of great 

advantage that can occur to benefit nature conservation using technological tools. 

6. Analytical techniques to articulate cumulative effects of human induced impacts, 

changes or development(s) on ecosystem structure and function. 

7. How can we expand the use of remote sensing or unattended monitoring tools for 

ecosystem monitoring and data collection? 

8. Systematic review using artificial intelligence and deep learning is an emerging 

field that improves the analysis and dissemination of evidence, using rigorous and 

transparent methods.  

9. Encouraging stronger collaborations and the convergence of expertise between 

technology developers and users to develop and deploy novel, low-energy, 

portable, autonomous, long-term, and precise sensing and monitoring 

technologies allowing Arctic ecosystem monitoring at all scales, from microbes to 

glaciers, in our most fragile marine and terrestrial protected areas.   

10. The development of data management standards to make data reusable and 

accessible to those outside conservation organizations. 

11. A national strategy/approach to information management and data/document 

storage. 

12. How do we survive and thrive in a data tsunami?  

3.6 Indigenous governance and knowledge systems 

While Indigenous governance appeared in only ~7% of submitted issues, the topic was 

identified as highly significant throughout the Horizon Scan process. Topics included the 

decolonization of protected areas through co-management of sites and the integration of 

new value systems in conservation. An important theme across several topics included 

the integral need for Indigenous Knowledge in addressing current and emerging issues 
in protected areas and elsewhere. 

1. How can UNDRIP/DRIPA and future federal UNDRIP legislation support and 

accelerate protected areas policy - how can legal tools work in tandem (especially 

when there are so many shared values)? 

2. Will Indigenous peoples enforce their rights and values in national parks? 

3. What changes are needed to Crown government policies and laws in Canada to 

enable and support Indigenous protected areas? 

4. What mechanisms can best support Indigenous governance and stewardship of 

their territories for the mutual benefit of Indigenous peoples and ecosystems? 

5. If co-management with Indigenous peoples is established in protected areas, how 

do new values (i.e., hunting) relate to ecological integrity?  
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6. The inclusion of traditional land management and the shared monitoring of its 

impacts (using principles of Two-Eyed seeing sensu Marshall as discussed in Reid 

et al. 2020) should be considered and implemented. 

7. Framework for weaving Indigenous Knowledge and perspectives with science and 

park management perspectives. 

8. How may Indigenous worldviews in relation to human-and-non-human ecologies 

be more broadly understood and fostered among non-Indigenous communities? 

9. Indigenous led conservation: How can current and future parks operate under a 

adaptive model that is created within an ethical space to develop new processes, 

methods, and best practices around collaborative evaluation of environmental 

and cultural values?  

10. How can ethical space be most effectively used as a framework to build more 

equitable and effective protected areas systems?  

11. Decolonization as a strategy for biological conservation.  

12. How can municipal/local-scale conservation be leveraged to catalyze 

reconciliation, re-narrate conservation and enable meaningful partnerships as we 

collectively work towards 25x25? 

13. There is a need to learn relationship-building skills to facilitate more collaborative 

interactions on a regional level with First Nations partners and stakeholders. 

3.7 Protected areas planning  

Protected areas planning appeared in ~12% of all issues in the Horizon Scan. Several 

issues overlapped with climate change, such as the need to address the challenges of 

climate change when establishing or implementing a network plan for protected areas. 

Issues classified within the planning category explored strategies and mechanisms to 

deal with current and future challenges facing protected areas.  

1. The need for integration of protected areas into a wider suite of conservation 

instruments to cover the entire landscape (and seascape) that will work together 

to allow biodiversity to recover and persist. 

2. How can protected areas be designed to allow climate-change migrants to adapt 

by moving within and between protected areas?  

3. How can protected areas network be designed spatially to adapt to climate change 

while meeting the objectives of biodiversity, native species, and long-term 

resilience?  

4. Climate change refugia have high relevance for protected areas acquisition and 

connectivity planning as they offer low climate resistance movement routes for 

species because climate refugia are more closely aligned with the rates at which an 
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organism loses physiological fitness relative to possible poleward dispersion 

rates.  

5. How might climate-resilient ecosystems and biodiversity be integrated into 

protected and conserved systems or network plans?  

6. Is there a need for a national ecosystem connectivity plan?  

7. How are we considering the quality of biodiversity/protected areas when under 

huge international pressures to conserve a rapid percentage of water and land?  

8. How large should marine reserves be to maintain populations and processes?   

9. Are protected areas moving to success in their expectations?  

10. How could both natural and social scientists be intertwined to increase protected 

areas in Canada to meet Canada's international obligations to the United Nations 

Convention on Biological Diversity? 

11. Traditional area-based protected area strategies are no longer sufficient to 

conserve biodiversity across diverse landscapes subject to multifaceted human 

use 

12. Integration of protected areas into a wider suite of conservation instruments to 

cover the entire landscape and seascape. 

13. Lack of protection of inland water. 

14. Lack of spatial connectivity between protected areas. 

15. Protected areas are rarely designed on a watershed basis. More consideration for 

watersheds should be inherent in protected area designs for the conservation of 

freshwater ecosystems. 

16. The use of OECMs (i.e. remote sensing, Indigenous collaboration) in reaching the 

federal government's target of protecting 25% of the terrestrial and inland waters 

of Canada by 2025. 

17. Can Protected Areas survive in the long term? 

18. How much area is enough and where should it be located to effectively protect, 

conserve and recover biodiversity and ecosystems in Canada? 

19. Shifting networks of medium-term protection. 

20. How do we better consider freshwater when planning terrestrial protected areas?  

21. Examining mobile or seasonal conservation areas.  

22. How are cumulative impacts being included in the evaluation of new protected 

areas and conservation planning in Canada? 
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3.8 Protected areas management  

Management challenges were a recurrent theme in a number of other categories 

including climate change, planning, and various others. Although these categories had 

overlapping themes, issues that were management specific were included in this 

category, making up ~14% of all submitted issues. These issues explored risk 

management, monitoring, climate change preparedness and adaptation, and the current 

and future roles of protected areas.   

1. What are the costs, benefits, issues, challenges, and opportunities associated with 

the privatization of protected areas? Is this a viable model to accomplish the 

various goals of protected areas?  

2. How can we manage protected areas for migratory wildlife considering factors 

through the full annual cycle and drivers that occur beyond protected area 

boundaries?  

3. Current approaches to save the endangered remaining woodland and mountain 

caribou herds in the southern extent of their current range need a change in 

general approach.   

4. The loss of soil biodiversity is barely addressed in protected area management 

strategies. 

5. Climate change will have a profound impact on protected areas management, 

requiring a re-assessment of our priorities. 

6. Understanding the relationship between structural and functional connectivity.  

7. What are the barriers to developing effective inventory and monitoring systems in 

protected areas and how can they be overcome? What policy approaches are most 

effective to integrate protected areas systems into broader environmental 

monitoring programs as benchmarks of ecological change? 

8. Is Protected Area Monitoring Properly Tuned to Rapid Change?  

9. How can we make smaller protected areas more functional for maintaining 

ecological integrity (i.e., buffer zone management, transboundary cooperation)? 

10. What are appropriate ways of intervening in novel ecosystems (difference in 

composition and function; self-maintaining; practically unrestorable) in protected 

areas? 

11. The use of ecosystem-based management to protect frontier Arctic fisheries from 

industrialization and incoming species migrations due to climate change.  

12. How may the cultural norms and approaches typically used by protected and 

conserved area managers be shifted to more effectively align with conservation 

science, especially regarding large-scale and cross/trans-boundary biodiversity 

and ecosystem components and processes, including climate-related changes? 
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13. How may ecological integrity be more effectively interpreted by protected area 

and conservation managers to recognize and accommodate on-going processes of 

change, including climate changes? 

14. What are the comparative advantages of active restoration, rewilding, and natural 

regeneration? 

15. How can disturbed and partially disturbed lands be fully rehabilitated for the 

purposes of park-specific ecosystem services? 

16. Changing agricultural landscapes to support more biodiversity.  

17. Making Canadian cities bio-friendly through the connectivity of natural systems, 

expansion of the urban forests and restoration of hydrological features. 

18. Gap analysis of genetically-appropriate native seed supply.  

19. How to source native seed in Canadian protected areas in the face of a rapidly 

shifting climate. 

20. Policy and economic barriers to Canadian native seed supply. 

21. How can we use student programs and users of protected areas to refurbish 

campsites following forest disturbances (ex: Metis Local 1935 and their work in 

Fort McMurray following the 2016 wildfires)? 

22. What are appropriate ways of intervening in novel ecosystems (difference in 

composition and function; self-maintaining; practically unrestorable) in protected 

areas? 

23. Lack of long-term monitoring of non-vertebrate species, other than forest and 

agricultural pests.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

24. Development of methods that are operationally realistic to conduct long-term 

monitoring in Arctic marine ecosystems. 

25. Development of methods that are operationally realistic to conduct/improve long 

term monitoring of glaciers, in particular in parks in the Arctic. 

26. Development of methods that are operationally realistic to conduct/improve long 

term monitoring of permafrost/active layer in parks in the Arctic. 

27. The need to conduct long-term monitoring in Arctic marine ecosystems. 

3.9 Pathogens, diseases and invasive species  

Invasive species, pathogens and diseases appeared in ~5% of the issues. Invasive species 

pose a risk to the current and future management of protected areas. The response and 

management of pest introductions and the spread of new pathogens and diseases were 

key themes explored in the issues. 



21 
 

1. How do introduced species affect water quality and water properties, and how do 

those changes affect community ecology? 

2. How should we deal with invasive plants: fight or accept?   

3. Invasive species management is a very important management activity. One 

strategy to regularly scan the horizon and linking actions with lessons learned 

about invasive species management would be helpful. 

4. Can existing detection and management strategies reduce the spread and impact 

of invasive plants?   

5. What are the possible consequences of diseases and parasites introduced by pets, 

pack animals, livestock (just outside some parks), and people?  

6. Can the degradation of Canada's ecosystems have an impact on future zoonotic 

diseases, as it is slated to have on the global scale?  

7. Invasive species spread and disease spread in protected areas. 

8. Wild Pigs increase in number and range across several provinces (SK, MB, ON, 

AB, BC). 

9. Can management actions limit the spread of invasive fish into different 

watersheds, especially Asian carp? 

3.10 Various topics 

Roughly 7% of all issues identified in the Scan fell in this category. The various topics 

ranged from human health, public relations, conservation, social sciences, and scientific 

research needs.  

1. Human health and economic benefit is tied to ecosystem health, but this tie is 

neither understood nor broadly recognized.   

2. Impact of protected areas on human health. 

3. An updated assessment of the economic impact of Canada's National, Provincial 

& Territorial protected areas and parks. 

4. Understanding and reversing the increasing movement against scientific fact, and 

truth in general in decision-making. 

5. How can communities and protected-areas users be better integrated as part of 

the development and continued management of protected areas, including the 

use of citizen science? 

6. What can we do better to promote diversity and inclusion in the Resource 

Conservation field? 

7. Explore the use of structured decision-making and value of information to come 

up with meaningful and practical conservation plans.  
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8. How can the role of the general public and park visitors be engaged in supporting 

ecosystems services through citizen science, park interpretation, volunteering, 

and more? 

9. Declaration of Environmental Personhood Internationally and within Canada as 

emerging legal and ecological issue. 

10. How may the conservation community influence and motivate the transformative, 

systemic changes necessary to stemming precipitous declines in biodiversity, such 

as described in the IPBES (2019)?  

11. The park system in Canada is inadequate for protection of species, biodiversity 

and ecosystem stability. 

12. Which biodiversity and/or ecosystem components are not likely to be adequately 

protected or conserved through circular economy strategies?  

13. Numbers of invertebrate species outnumber vertebrates by several orders of 

magnitude in Canada, but protection is still primarily for vertebrates. More 

emphasis needs to be placed on invertebrates (and other non-vertebrate species), 
and conservation needs of these species. 
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5. Appendix - Compilation of Issues 
The following lists the issues as they were originally submitted. We only edited them for 

spelling mistakes. Issues appear in the same sequence as in the above list, and may 

appear in different topics if they overlapped topics. 

5.1 Climate Change 

1. Are wildfires increasing with climate warming? Concerns have been raised that 

wildfires are increasing with warming. If so, this clearly affects many aspects of 

park ecology and the services they provide.  

2. How will climate-driven changes to the natural fire regime of northern boreal 

forests affect the distribution and abundance of barren ground caribou? As the 

climate warms, the total area burned in northern ecosystems and, in particular, 

boreal forests, are projected to increase by 30% by 2053 relative to total area 

burned between 1950 – 2007. Fire is the primary ecological driver of boreal forest 

succession; however, rapid changes to wildfire regimes can significantly impact 

plant composition and successional patterns. This is especially true in late-

successional forests and tundra ecosystems where plant species, such as lichen, 

can take 50 years or more to recover after being damaged by fire. Barren ground 

caribou, which are an important subsistence resource for northern communities, 

rely heavily upon lichen to sustain them through winter months. Fire-related 

reductions in lichen abundance could alter the capacity of some winter ranges to 

support caribou, thereby altering the distribution and abundance of barren 

ground caribou populations as a whole. (Jandt et al. 2009; Duffy and Rupp 2012; 

Gustine et al. 2014) 

3. What will be the impact of climate change on species distributions (SAR and 

currently more common species) and ecosystem processes (fire, water 

conservation, dispersal)? 

4. Though climate change is arguably no longer an emerging issue, the effects of 

climate change on wildland fire it's role in ecosystems have not been studied to 

any real extent. The focus of wildland fire research to date with respect to climate 

change has been on risk to the public, infrastructure, fire behaviour, and similar 

topics. In many protected areas, wildland fire is a common, large-scale, and 

frequent disturbance process with potential for significant ecological impacts. 

Changes in fire severity, frequency, depth of burn, season, are just now beginning 

to affect our sites substantially, but there very little scientific or Indigenous 

knowledge on what to expect has been collected. The Blueprint for Wildland Fire 

Science in Canada (Sankey 2018) recognizes this gap, and calls for research to 

"describe, evaluate, and predict the immediate and long-term effects of wildland 

fire on ecosystems (and their components) and on ecological health and 

resilience, specially in the context of a changing climate". The types of research 
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questions here vary regionally, but a key one is whether extremely high severity 

wildfires like the Kenow Fire in Waterton Lakes in 2017 will result in ecosystem 

conversion, and under what conditions (Coop et al 2020).  

5. Is habitat fragmentation and loss of species corridors in both terrestrial and 

aquatic systems more problematic with climate warming? Warming will result in 

a myriad of changes in freshwater ecosystems, many of which may directly 

(drying) or indirectly (water quality) affect connectivity (D`Aloia et al. 2019). For 

example, wetlands, shallow ponds, and streams are drying up, which previously 

may have been important corridors between ecosystems. What were once 

permanent ponds may now be ephemeral (Smol and Douglas 2007); what were 

once ephemeral waterbodies (albeit still important corridors for biota) are now 

under accelerated threat from both climate change and other human impacts 

(Acuña et al. 2014). Future climate change will also affect connectivity by, for 

example, drying up some corridors, especially smaller streams, wetlands, and 

shallow ponds (e.g., Jaeger et al. 2014).  This could be especially severe if other 

human impacts (e.g., dams, pollution, etc.) are similarly exacerbating the effects 

of climate warming and further eliminating corridors for aquatic taxa. Climate 

change (as well as direct human impacts) can also change the timing, frequency, 

and magnitude of flooding events, further fragmenting upstream to downstream, 

tributaries to main stem, or river channel to floodplain connectivity. More 

indirect stressors might also include the creation of climate induced non-physical 

barriers for aquatic species, such as thermal barriers (increasing water 

temperature), salinity barriers (sea level rise), anoxia/hypoxia barriers (changing 

sedimentation, nutrients), and changes in water stratification dynamics. Besides 

the above "barriers", climate change also influences when and where and the 

intensity of animal movement/migration because many aquatic species depend 

on the characteristics of seasonal freshwater flows (e.g., timing, frequency, 

magnitude) to trigger migration or other long-distance movement. For 

diadromous fish, the required scale that should be considered becomes even 

larger, such as the connectivity between river and marine habitats (Lin et al. 

2017). In mountainous regions, climate warming effects may be even more severe. 

The accelerated thawing of alpine glaciers may initially result in marked changes 

in water velocity (e.g., initially much higher water inputs to streams, but then 

drying up), water quality (e.g., increased silt loads), and the timing of runoff.  

Once the glaciers thaw completely and the “water towers” (i.e., mountain glaciers) 

are gone, the streams (i.e., connections) will dry up completely. Moreover, while 

stable cold/cool discharge from glaciers or groundwater could provide ""refuges"" 

for coldwater/coolwater species under warming, this function may be lost when 

the warming ultimately affects glaciers or aquifers.  

6. There is a need to describe, evaluate, and predict the immediate and long-term 

effects of wildland fire on ecosystems (and their components) and ecological 

health and resilience, especially in the context of a changing climate. 
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7. Will climate change lead to phenological mismatches among interacting species 

that negatively impact wildlife populations (e.g., changing snow conditions and 

coat colour/molting, den emergence; spring forage and altitudinal migration of 

ungulates). 

8. Northern shifts when it comes to species range. Most species that are mobile will 

migrate north around water, meaning through the waterways. 

9. Impact of climate change on the habitat of species in the Arctic, at the scale of a 

park rather than at a regional scale. 

10. Arctic marine and terrestrial ecosystems are witnessing unprecedented and rapid 

changes under a rapidly changing climate. While recent efforts have been 

deployed to protect some of these most fragile and unique ecosystems (Vincent 

and Mueller 2020), their extreme remoteness and harsh climate render them 

extremely difficult to access and monitor. Extreme cold winter temperatures, 

polar night and lack of any existing infrastructure currently prevents us from 

maintaining appropriate year-round monitoring stations or observatories. The 

recent pandemic situation that prevented human access to the few automated 

stations deployed in High Arctic protected areas highlighted our need for more 

autonomous monitoring equipment and infrastructure. Ecosystem monitoring is 

fundamental to our understanding of how ecosystem change is impacting our 

natural resources and ecosystem services and is vital for developing evidence‐

based policy and management. Recent advances in satellite remote sensing, 

unmanned aerial vehicles (UAV or drones) or automated underwater vehicles 

(AUV) are opening exciting new possibilities, but field deployed sensing and 

monitoring technologies are lagging behind with the deployment of existing, often 

outdated, off the shelf instruments and sensors. How can we encourage a stronger 

collaboration and converge of expertise between technology developers 

(engineering, optical sensors, miniaturization, electronics) and users (field 

ecologists, biologists) to develop and deploy novel, low-energy, portable, 

autonomous, long-term and precise sensing and monitoring technologies 

allowing ecosystem monitoring at all scales, from microbes to glaciers, in our 

most fragile marine and terrestrial protected areas. 

11. Should parks and protected areas be used for trials of assisted colonization or 

managed relocation of species for climate adaptation? Assisted colonization 

attracted an initial burst of interest and attention in the early 2010s as scientists 

and managers wrestled with how best to conserve and restore species that were 

increasingly threatened by rapid environmental (mostly climate) change. These 

included sessile and specialist species with low population levels that were 

unlikely to persist without active intervention. Anticipatory restoration activities 

such as the Assisted Migration Adaptation Trial (AMAT) in British Columbia are 

aimed at providing greater adaptive potential. Approaches to future-oriented 

restoration may play an increasingly prominent role in protected areas 

management both because they harbour species-at-risk and also the 



46 
 

opportunities for deliberate field experiments. Alternatively, protected areas may 

become areas that resist such active intervention, which in itself creates a 

fascinating/challenging dynamic at a landscape level. (Seddon 2010; Lunt et al. 

2013). 

12. Also need more research on non-native vegetation establishment and spread with 

respect to climate change 

13. Winter is the time where all species have to adapt and be resilient (sort of like a 

perpetual pandemic). Sea ice is a habitat needed for migration (e.g. Peary Caribou 

can become isolated on one island of the archipelago and if they meet difficult 

foraging conditions due to climate change, they will starve and won’t be able to 

migrate to another island. Some caribou migrate to specific sites to give birth, if 

winter ice conditions don’t allow it, they might not be able to reproduce anymore. 

Polar bears need winter sea ice to hunt and feed because for them, summer is 

difficult and winter is where they make their fat reserves. Seals need sea ice for 

their dens and give birth protected from predators.) 

14. Climate change: What are the ecosystem services provided by protected areas in 

Canada (can we identify and quantify them)? How will these services be impacted 

by climate change? Can we quantify how ecosystem services will be either 

positively or negatively impacted, and what are the best methods to prioritize 

ecosystem services? What trade-offs need to be considered when managing for 

ecosystem services? Are Canada's current protected areas climate refugia? Where 

are the areas less (or more) likely to be impacted by climate change? What 

additional tools or mechanisms do we need to focus on conserving these areas as 

part of a climate change mitigation strategy? Will climate change affect how 

visitors use parks? Do we have enough information/science to understand how 

climate change may change both people's patterns of use and environmental 

conditions in parks? What current forest or grassland management tools are in 

place for adapting to or mitigating the effects of climate change (e.g., increase in 

frequency and severity of natural disturbance) in protected areas? What new tools 

are needed for protected areas? What impact will these tools have on all 

ecosystem services (e.g., effects of salvage harvesting on biodiversity, water 

quality, soil quality)? 

15. Are our Parks and protected areas sufficient to cope with the effects of climate 

change?   Investigate if anticipated impacts of climate changes are too rapid 

relative to the adaptive ability of many species or habitats (need to identify 

refugia). Develop/test robust methodologies and realistic simulation models that 

will improve our understanding of the potential role that refugia may have in 

future climatic scenarios. Dramatically rising summer temperatures, changing 

precipitation, extreme events, etc., as well as increased species turnover, suggest 

that biodiversity patterns may be greatly affected from the landscape through 

community to individual (genetic) species and population levels, putting in peril 

the survival of many regionally, nationally and globally-important species and 
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habitats. To preserve and conserve habitats and species, researchers and nature 

managers need to do a better job of identifying and studying the response of 

particular species and habitats of conservation concern to global, regional and 

local environmental changes, and to concentrate attention on the localities where 

a particular species is either growing today or where it might find a refugium in 

the near future. We need a better database for protected areas (species, habitats, 

ecosystem services, threats, trends over time, etc.). Develop and apply a new 

generation of climate envelope models (e.g., using linked climate, land cover/use 

data, etc.) coupled with better information about limits to species abilities 

(behavioural, physiological, etc.) to cope with extremes. Fully integrate 

community and ecosystem process data, where it is available (often not). Create a 

"Risk Dashboard" to better communicate what we know, what we don't know, and 

what the options are for addressing emerging issues. There needs to be more 

public awareness about emerging conservation issues. (Stralberg et al. 2020; 

Meng et al. 2019) 

16. As one element of climate change that is and will continue to impact ecosystems 

and ecosystem service in protected areas within Canada the question of snow 

influences has generally not been adequately addressed. Specifically, questions 

relating to the distribution, abundance, timing (accumulation and melt) and 

trends should be of tremendous concern for management. Snow patterns (see 

recent work by Berman et al. 2018, 2019; Rickbeil et al. 2020) are expected to 

have impacts on all components of these ecosystems and the many wildlife 

species that are found in our protected areas. Melt-refreeze events occur and 

affect foraging conditions but also habitat for small wildlife that use snow as 

shelter and protection from predators (lemmings). Snow has also a big impact on 

hydrology. It is a major source of water for Canada. It is also one important factor 

of natural hazards such as avalanches, floods and landslides. Changing snow 

conditions will have an impact on water availability (more arid soils and more 

rainfall dominant hydrology) and the hazards might become more frequent and 

more often. Snow also acts as a barrier for the famous permafrost active layer. 

This as a significant feedback on the depth of this active layer and snow plays a 

role in the disappearance of the permafrost towards a shrubby dominated 

landscape. A well designed/structured research and monitoring program is 

needed to understand changing snow dynamics and their impact on key 

ecosystem components. Scientists should be encouraged to work as an integrated 

multi-disciplinary team to develop the list of key ecosystem indicators for study 

and then build a detailed workplan to secure commitments and needed funding.  

17. How permafrost melting and slumps will affect the life in the rivers and therefore 

human use of waterways in the context of the crystallized/inflexible protection 

types and boundaries typically found in conservation planning and land use 

planning initiatives.  
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18. Currently, most conservation areas/authorities separate terrestrial and aquatic 

research. However, the area between land and water, commonly referred to as the 

"littoral zone", is complex, and influenced by both human and natural processes. 

Emphasizing the importance of this transitional area to the general public will 

require an increased investment into littoral zone research. As the littoral zone is 

a delicate area of interaction between terrestrial and aquatic biota, even small 

changes in this environment, such as changes in water-levels due to climate 

change, can have an effect that reaches well outside the littoral zone itself (Peters 

and Lodge 2009). The major problem with studying these transitional zones is 

they require a large sample size to offset large variations in species abundance 

and locations within the littoral zone (Vadeboncoeur 2009). To address this issue, 

initial targeted studies can provide a baseline from which to focus additional 

studies in the future. The baseline studies should also include traditional 

knowledge in conjunction with western scientific data collection to provide 

context to the results of subsequent data analysis. These baseline studies should 

include accurate mapping (sub-centimeter at minimum) of the areas and 

sediment coring to understand the past environmental changes that have 

occurred within the environment (Sonnenburg et al. 2009, 2013). Using multiple 

environmental proxies such as pollen, testate amoebae, diatoms and stable 

isotope analysis (Kotthoff et al. 2014; Smol 2017) can provide a robust picture of 

past environmental changes that can inform areas of future research. 

19. Climate change is and will continue to impact ecosystems, including the 

dimensions of parks and protected areas that are being targeted through 

conservation. This could result in shifts in ranges of flora and fauna, increase the 

vulnerability of endangered/threatened species, and also impact natural and 

physical assets within protected areas.  

20. Which valued biodiversity and/or ecosystem components, relationships and 

processes are most likely to benefit from climate-induced expansions or creation 

of new habitat? Where are the modeled/projected locations of such climate 

induced expansions? How may these climate-induced areas be integrated into 

protected and conserved system or network planning? (Lawlor et al. 2013; 
Anderson et al 2014, 2016; McGuire et al. 2016; Bourque et al. 2020, 2016). 

21. Which biodiversity and/or ecosystem components, relationships and processes 

operate at temporal and spatial scales that are too large to be adequately 

accommodated within existing protected areas and other effective area-based 

conservation measures, especially in the context of climate change? Existing 

protected and conserved areas are too few, isolated and small to adequately 

maintain and recover biodiversity on their own (Juffe-Bignoli et al. 2014; Haddad 

et al. 2015). Critical large-scale ecological systems and processes extend well 

beyond protected area boundaries (Laliberte and Ripple 2004). To support the 

values for which protected areas were established and maintain ecological 

integrity over time, management and planning efforts will need to address 
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processes beyond the protected area boundaries (Belote et al. 2016; Joppa and 

Pfaff 2009). This is exacerbated in a climate change context, wherein individuals 

of species and various components of ecosystems will need to move (or be 

moved), adapt or perish in response to changing conditions (McGuire et al. 2016). 

Many biodiversity components and ecosystem processes that operate at scales 

larger than existing protected areas are of critical importance to ecological life-

support/servicing and in their own right. Identification of these critical 

components and processes and transboundary means of protecting and 

conserving them are crucial to supporting and sustaining ecosystems and their 

functions and services (Sinclair et al. 2018; IUCN 2017; UNEP 2010). 

22. What are the spatial locations and extent (geographic locations and boundary 

delineations) sufficient to accommodate the large-scale biodiversity and 

ecosystem components and processes in a context of climate change? What are 

mechanisms by which these large spatial extents may be effectively protected and 

conserved through expansion of the PA & OECM system (including IPCAs), 

ecological corridors and ecological networks, and integration into sustainable 

landscape and seascapes? (Margules and Pressey 2000; Edgar et al. 2014; 

McGuire et al. 2016; Watson et al. 2018; Woodley et al. 2019; Baillie and Zhang 

2018; Hilty et al. 2020). 

23. How will permafrost warming alter northern Canadian ecosystems? Thawing 

permafrost is causing thermokarst slumps, lake drainage, and increased erosion. 

Concerns about slumping and erosion in the Mackenzie Delta are now some of the 

most common issues brought forward by community members during the 

Gwich’in Renewable Resources Board’s harvest surveys. These changes have the 

potential to affect local protected areas (such as Kendall Island Migratory Bird 

Sanctuary, Pingo Canadian Landmark, Gwich'in Territorial Park, Jak Territorial 

Park, and Nitainlaii Territorial Park) both directly through increased erosion and 

indirectly through changes in water quality resulting from upstream erosion. A 

substantial amount of research is taking place in the Mackenzie Delta specifically 

on permafrost thaw (by individuals including Philip Marsh - Wilfrid Laurier 

University, Stephan Gruber - Carleton University, and Emma Stockton - Carleton 

University) and some studies are also being done on water quality (Derek Gray - 

Wilfrid Laurier University). However, we are aware of little work related to the 

impacts of changing water quality and sediment load on fishes, aquatic 

invertebrates, shorebirds, and waterfowl. Our research question is, “How is the 

Mackenzie River’s changing water quality and increasing sediment load impacting 

aquatic ecosystems and avian productivity in the Kendall Island Migratory Bird 

Sanctuary?”  

24. Get a baseline for vernal pools, which are important habitat for reptiles and 

amphibians. Concerned about the long-term impacts of climate change on vernal 

pools. 
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25. Climate reference sites: Climate change raises important questions about the 

persistence of Canadian ecosystems and the manner in which protected areas 

should be managed. One benchmark to compare our protected area ecosystems 

with is their climate reference site - the location currently experiencing the 

protected area's future climate under a given climate change scenario. These sites 

provide realistic expectations about which species are expected to survive in a 

future climate as well as on the expected rate of ecological processes. The 

Adaptwest website provides a reverse cell destination function to identify the 

location of climate reference sites for most North American protected areas under 

a 2070-2100 RCP 8.5 scenario using the MPI-ESM-LR global climate model 

(Batllori et al. 2017). The climate reference sites for a representative set of 

Canadian protected areas would be identified and compared to their paired 

protected area. Differences in biodiversity and ecological process would be 

compared for different model assumptions (e.g., representative concentration 

pathway, # of years into the future) to establish a range of climate change 

milestones. The ecological connectivity between these paired locations would also 

be documented to focus on potential facilitated translocations needed to arrive at 

the expected outcome. 

26. What are the projected climate-driven changes to lake and river ice in the 

Northwest Territories, and what types of adaptation strategies can be 

implemented to mitigate these changes for surrounding Indigenous 

communities? Although responses of freshwater lake and river ice to changing 

climate are generally difficult to predict, it is projected that warming air 

temperatures will cause reductions in the thickness and seasonal extent of ice. 

Such changes will directly impact remote northern communities who heavily rely 

upon ice-related transportation activities in winter (e.g., access to local country 

foods and regional centres by snowmobile and ice roads), due to an increasing 

frequency and severity of accidents that result in injury, death and psychosocial 

stress. The ability of Indigenous communities to adapt to such changes largely 

depends on the availability of economic resources (e.g., money required to shift 

towards more barge- and land-based transportation infrastructure), risk 

perception and awareness (e.g., the implementation of ice phenology monitoring 

programs), and participation in sharing programs (e.g., intercommunity trading, 

community freezers etc.) that reduce the overall need to travel during winter 

months. (Hewitt et al. 2018; Frugal and Prowse 2018). 

27. How well will existing protected areas mitigate the impacts of climate change on 

biodiversity; will national parks function as a regional “lifeboat”? 

28. How can protected areas adapt to ecological niche changes associated with 

climate change? 

29. All ecosystems depend on water, but projections for variability in timing and 

quantity of flow (and quality) are rarely accounted for. Increasing intermittency of 

flows in streams (with consequences for wetlands and lakes) is predicted. 
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Anticipating this variation, and ways to climate-proof freshwater systems is an 

emerging topic. 

30. From a scientific research perspective, it would be useful to utilize the ecosystems 

of the parks network as reference sites in the debate on the role of forests in 

mitigating climate change. We see a strong tendency to want to use forestry as a 

tool for carbon capture WITHOUT really assessing the performance of 

ecosystems if they are maintained in their natural state. 

31. Sea ice is a climate driver as well as an ecosystem component and is critical to 

Inuit culture. Research and monitoring related to potential restrictions to 

navigation and other activities.  

32. Current models of carbon dynamics consider soil-plant interactions and 

exchanges but do not account for the role of wild animals in the carbon cycle. 

Animals can have significant impacts on the terrestrial and aquatic carbon cycles. 

Browsing by animals can prevent forests from regenerating which can have huge 

impacts on carbon storage. In some cases, forests that would be a carbon sink are 

actually becoming a carbon source and contributing to climate change (Schmitz et 

al. 2018). On the other hand, for example in the Arctic where about 500 Gt of 

carbon is stored in permafrost, large grazing mammals like caribou and 

muskoxen can help maintain the grasslands that have a high albedo and thus 

reflect more solar energy. In addition, by trampling the grounds these herds can 

actually help reduce the rate of permafrost thaw (Schmitz et al. 2014). Current 

models of carbon dynamics consider soil-plant interactions and exchanges but do 

not account for the role of wild animals in the carbon cycle. Considering the 

hyperabundant population of animals in some parks (e.g., fallow deer in Gulf 

Islands NPR and moose in Terra Nova NP and Gros Morne NP in Newfoundland) 

it is necessary to look into quantifying the effects of animals on carbon storage 

and fluxes. The questions that need to be answered are: How do large animals 

impact the carbon cycle in protected areas? How can managing animals 

contribute to climate change mitigation? 

33. What investments are required to make park infrastructure resilient to a changing 

climate? For example: upgrading culverts to accommodate shorter flood intervals 

and higher peak stream flows using fire-resistant building materials to protect 

park communities from changes to forest fire regime and the increase in high 

severity fires. 

34. How can protected areas be designed to allow climate-change migrants to adapt 

by moving within and between protected areas? Under climate change, species 

may face unsuitable thermal conditions to which they need to adapt or perish. 

Adaptation could occur in situ through natural selection in species with short 

generation times, or ex situ by dispersing to, or being moved to, more suitable 

thermal habitats. The ability to adapt through dispersal may be limited by 

barriers to movement such as poor dispersal capacity (e.g., plants), physical 
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barriers (e.g., in-stream or watershed barriers for aquatic species), or unsuitable 

habitat (e.g., between protected areas). Differential responses of species to 

climate change will also lead to changing species interactions and, hence, 

ecological communities. These climate-driven issues will be challenging to the 

management and design of existing protected areas and should be considered 

when designing new protected areas. (Saenz-Romero et al. 2019; D’Aloia et al. 

2019; Elsen et al. 2020; Monzan et al. 2011; Thomas and Gillingham 2015).  

35. In what way can new protected areas mitigate the impacts of climate change on 

biodiversity; how well does the national plan for new national parks align with 

predicted climate change impacts? 

36. How can we re-assess our priorities to account for the projected changes driven 

by climate change? What are our priorities right now and what priorities actually 

make sense? For species stressed by shifting ecozones, how do we decide which 

species to "save" and which to "let go"? What if a certain species is currently 

considered a high priority for our park, but climate conditions are expected to be 

inhospitable? If we let the species "go", we risk allowing our condition of 

ecosystem indicators to decline irreversibly. Should we re-define what we think of 

as ecological integrity, and perhaps focus on ecosystem function or services, even 

if a departure from historic conditions?  

37. In the face of climate change, the spatial design of the protected areas will play a 

critical role in determining if they continue to be the cornerstones of biodiversity 

conservation and are able to provide the same level of ecosystem services for long 

term in future. The key question that needs to be answered is - How can protected 

areas network be designed spatially to adapt to climate change while meeting the 

objectives of biodiversity, native species, and long-term resilience? Dudley et al. 

(2018) list several priorities for protected area research based on their survey and 

this is one of the priorities listed.  

38. Climate change refugia have high relevance for protected areas acquisition and 

connectivity planning as they offer low climate resistance movement routes for 

species. Climate refugia are more closely aligned with the rates at which an 

organism loses physiological fitness (due to climate change) relative to possible 

poleward dispersion rates.  The differences in rate of climate change relative to 

rate of species dispersal results in accelerating climate mismatch over time. 

Globally, and within Canada, the effects of climate mismatch are now observed 

across numerous taxa, and result in population losses and abundance declines.  

Climate change refugia offer a solution to this problem by providing spatially 

delineated localized areas, on the order of 10’s to 1000’s of km2, where rate and 

variability of climate changes are less pronounced than in the surrounding 

landscape and seascape. There is some evidence to suggest that climate refugia 

will be most beneficial when refugia sites contain climate heterogeneity and/or 

climate connectivity through the surrounding matrix. Despite the numerous 

benefits of using climate change refugia to guide protected areas acquisitions and 
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connectivity planning, to date, climate change refugia have not informed the 

selection of candidate protected areas. (Coristine et al. 2018; Kerr et al. 2015; 

Morelli et al. 2017, 2020). 

39. Warming oceans and melting ice have allowed increased industrial access that 

could pose risks to the fragile ecosystem. Climate change has also begun to force 

certain fish species to move north in search of colder water, and these migrations 

could displace established Arctic species, disrupting already stressed food webs. 

Ecosystem-based plans are a new tool to manage frontier Arctic fisheries and 

protect their natural bounty for future generations. These plans place fisheries 

within the much broader context of the surrounding ecosystem, take into account 

industrial and human pressures on habitat and seek to ensure that fisheries do 

not unduly disrupt those systems. This approach does not ignore or reject 

commercial activities but assigns priority to sustainable employment for northern 

communities with the following ecological safeguards. 

40. How may the cultural norms and approaches typically used by protected and 

conserved area managers be shifted to more effectively align with conservation 

science, especially regarding large-scale and cross/trans-boundary biodiversity 

and ecosystem components and processes, including climate-related changes?  

41. Which biodiversity or ecosystem components are most likely to be negatively 

impacted by climate changes? Which geographic locations of valued biodiversity 

and/or ecosystem components, relationships and processes are more likely to be 

resilient to climate changes? How may these climate-resilient areas be integrated 

into protected and conserved system or network plans? (Lawlor et al. 2013, 2016; 

Anderson et al. 2012; 2016; McGuire et al. 2016; Bourque et al. 2020). 

42. Traditional area-based protected area strategies are no longer sufficient to 

conserve biodiversity across diverse landscapes subject to multifaceted human 

use (Maxwell et al. 2020). There is need for research focused on understanding 

how landscapes can be designed and managed to provide habitat for biodiversity, 

promote connectivity between protected areas, increase capacity of species to 

respond to environmental threats and assist species in climate change adaptation 

through climate-informed protected area networks (Landis et al. 2017; Kremen 

and Merenlender 2018; Stralberg et al. 2020; Wanger et al. 2020; Williams et al. 

2020). Approaches to protect and restore natural habitats outside of core 

protected areas, the -working landscapes- or -nature-inclusive agricultural lands- 

that are managed to support human needs through ranching, farming and 

forestry need to be developed (Kremen and Merenlender 2018; Garibaldi at al. 

2020). We need to determine what are the main socioeconomic barriers and how 

to overcome them (Williams et al. 2020); research into knowledge, 

economic/regulatory, sociocultural and biophysical constraints that prevent 

adaptation of sustainable practices, land use planning and management (Williams 

et al. 2020; Oliver et al. 2018).  
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43. Climate change: changes in precipitation, temperature and seasonality can impact 

phenology and life cycles of organisms. Can we predict where these impacts will 

be greatest (i.e., the intersection of climate change and organismal sensitivity), 

and how to mitigate these impacts? 

44. Is there a need to establish "carbon protected areas" and/or "OECMs" to enhance 

nature-based solutions to climate change? 

45. We need more research on reclamation and restoration of native plant 

communities – especially in light of climate impacts on species range/distribution 
and impacts of CC on invasive vegetation. 

46. Winter landscape is also becoming very different because of climate change. 

Precipitations are now mixed in winter with extreme weather conditions because 

of increased moisture in the atmosphere. We are seeing above freezing 

temperatures in the Arctic in January… Melt-refreeze events occur and affect 

foraging conditions but also habitat for small wildlife that use snow as shelter and 

protection from predators (lemmings). Same for rain-on-snow events which have 

become more common in the last decade. Snow has also a big impact on 

hydrology. It is a major source of water for Canada. It is also one important factor 

of natural hazards such as avalanches, floods and landslides. Changing snow 

conditions will have an impact on water availability (more arid soils and more 

rainfall dominant hydrology) and the hazards might become more frequent and 

more often. Snow also acts as a barrier for the famous permafrost active layer. 

This as a significant feedback on the depth of this active layer and snow plays a 

role in the disappearance of the permafrost towards a shrubby dominated 

landscape. As Canadians, we can’t escape winter and we should be world leaders 

in understanding it’s importance on climate change and the ecosystems. Winter 
landscape conditions is the biggest knowledge gap for Arctic wildlife researchers. 

5.2 Ecosystem services 

1. Prioritization of ecosystem services: Ecosystems provide many services. It is often 

expected that protected areas and area-based conservation organizations manage 

to protect and maintain most if not all ecosystem services; however, managing for 

multiple values requires trade-offs. Should we be valuing and therefore managing 

some of these services above others (e.g., recreation vs biodiversity, wood supply 

vs carbon storage)? How should area-based conservation organizations approach 

understanding, valuing, prioritizing, and managing for multiple ecosystem 

services? What tools are needed to support decision-making relating to 

prioritization/ trade-offs? How will climate change impact the value we place on 

ESGs and will management priories need to change? 

2. How can the global community support the protection of internationally 

significant ecological service/biodiversity areas, so that they are protected for all 
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of humanity while supporting the responsible jurisdiction? An example of such an 

ecosystem is the peatlands of the Hudson Bay lowlands which currently sequester 

carbon for the globe but with global warming could release carbon. (Dinerstein et 

al. 2020). 

3. How can the value of ecosystem services be combined with the other values 

assigned to protected areas to better reflect the true value of protected areas for 

the entire population. 

4. Which biodiversity and/or ecosystem components are not likely to be adequately 

protected or conserved through a focus on ecosystem services? Ecosystem 

services are defined through economic and social benefits to humans (The 

Millennium Ecosystem Assessment 2005, CBD Secretariat n.d.). While this focus 

may serve to convince some who would otherwise not demonstrate interest in 

biodiversity protection (Deliège and Neuteleers 2015), it is problematic 

(Buchmann-Duck and Beazley 2020). It risks protecting only those elements 

which humans deem valuable (Girardello et al. 2019; Kosoy and Carbera 2010). It 

risks equating different ecosystems in terms of their utility to humans even 

though they may have different ecological functions (Pawlicezek and Sullivan 

2011). While it is assumed that protecting areas for ecosystem services will protect 

biodiversity, there is limited spatial congruence (Chan et al. 2006; Larsen et al. 

2011; Naidoo et al. 2008; Onaindia et al. 2013; Cimon-Morin et al. 2013). 

Manhaes et al. (2016) did not find strongly correlations between plant 

biodiversity and regulating, provisioning and supporting services. Cimon-Morin 

et al. (2013) highlight that provisioning and cultural services are most highly 

valued in areas near inhabited land, therefore their conservation will not protect 

biodiversity in more remote areas, and the use of these nearby lands for these 

services will negatively impact local biodiversity. These differences result in a 

spatial decoupling of ecosystem services from human users and/or key areas for 

biodiversity conservation (Cimon-Morin et al. 2013). Consideration of each 

category illuminates trade-offs for biodiversity conservation (Buchmann-Duck 

and Beazley 2020). While synergistic approaches to ecosystem services and 

biodiversity conservation are possible, they will not be sufficient to protect 

biodiversity. 

5. An emerging and under emphasized issue is the value that protected and 

conserved areas can provide to ecosystems beyond boundaries. A research topic 

could be to assess if management plans are designed in coordination with land 

and water managers operating within a broader planning area at an ecosystem or 

watershed level. Case studies could be useful to showcase where protected areas 

contribute to broader ecosystem health, could catalyze greater interest in 

ecosystem level planning that includes multiple authorities and jurisdictions or 

verify where conservation -islands- managed in isolation have experienced 

degradation over time. An example from the NWT could include consideration of 

broad ranging species such as northern mountain caribou. These caribou are a 
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pillar of healthy mountain ecosystems that are in part protected by Nahanni and 

Nááts'įhch'oh National Park Reserves. However in the near term (2-10 years) 

roads are planned to be constructed into mountain valleys adjacent to the NPR""s 

with the intention of stimulating development. In preparing for this future Parks 

Canada as a lead in co-managing the NPR""s would do well to evolve a plan for 

baseline data collection for caribou and other ecosystem values done in 

collaboration with Indigenous Governments and authorities involved with 

mitigating the impacts of development outside the NPR""s. The extirpation of 

southern mountain caribou in the southern mountain National Parks resulted 

from an array of cumulative impacts compounded within and adjacent to the 

NP""s, this is an outcome that can be learned from as parks and broader 

ecosystem planning proceeds in the north.  

6. What are ways in which ecosystem services can be accounted for in protected 

areas planning (can accounting systems be integrated meaningfully - and 

quickly)? - i.e., https://www.mckinsey.com/business-

functions/sustainability/our-insights/valuing-nature-conservation and 

https://mnai.ca/ for protected areas 

7. Protected areas are important for long-term delivery of ecosystem services. 

However the appreciation of value and benefits of protected areas has struggled to 

move beyond the margins of public debate or profoundly influence government 

and business decision-making. The ecosystem services approach to decision-

making could benefit from the valuation and accounting of ecosystem services. 

There is a lack of information regarding the value of the natural capital of the 

parks and protected areas in Canada. The questions that need to be answered are: 

How can we integrate the concept of ecosystem services into natural capital 

assessment and accounting? and, What is the natural capital value of the 

protected areas in Canada? and, What are the ways in which the natural valuation 

of protected areas can support policy analysis, conservation and management, 

and enhancing their resilience for climate change adaptation and potential for 

climate change mitigation? (TD Economics and Nature Conservancy of Canada 

2017) 

8. Are projects and programs having their intended impacts on ecosystems and 

ecosystem services? Organizations are allocating a lot of funds to projects and 

programs that aim to protect and restore ecosystems and ecosystem services. If 

we do not answer this question, it does not matter how much money we allocate 

as we may not be spending it the right way. (Salzer and Salafsky 2006; Stolton 
and Dudley 2020). 

5.3 Impacts and stressors 

1. What are the levels of human disturbance that are acceptable in PAs before it 

becomes detrimental to wildlife (including plants) health, condition, and fitness? 
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Lets face it... most of our PAs allow for some use by humans... sometimes to the 

point where there may be hundreds or even thousands of folks using a single PA 

trail in a given day. Finding balance is key but how do we do so in an objective 

way? Physiological biomarkers are well positioned to help identify disturbance 

thresholds that can be used for planning.  This can be done across taxa and PAs to 

come up with science based criteria for planning. (Or Ellis et al. 2012; Arlettaz et 

al. 2015).   

2. What will be the effect of increasing land use around protected areas and the 

increasing movement of people from cities to rural areas?  As more people are 

able to work from home many will move from cities to rural areas.  This has 

already begun but has been exacerbated by the pandemic as new work habits and 

the technology that supports them have evolved and people move to less crowded 

areas.  Effects such as increasing isolation of protected areas from other 

contiguous habitat, predation and disturbance of native species by free roaming 

dogs and  cats, increased persecution or removal of habitat for native apex 

predators leading to trophic cascades- herbivores increase and native plants 

decline.  Pressure will increase for recreation in protected areas- leading to rogue 

trails created by hikers, mountain and dirt bikes that will increase erosion and 

disturbance. (Martin et al. 2011; Waldstein et al. 2016; Wuerthener 2019; Weeden 

2020). 

3. What effects are COVID escapism and selfie questing having on visitation 

increases to protected areas, including undesignated crown land that attracts 

random campers? This is related to a longer stranding issue that might be 

phrased as this: By what standardized method could managers of protected areas 

identify, communicate, and enforce limits to human use to maintain ecological 

integrity? COVID has made it much clearer that there is a need to better 

acknowledge an upper limit of visitation rates to protected areas ranging from city 

parks to the backcountry of national parks and do so more rapidly and with more 

flexibility. Currently, it seems these limits are set mainly by the availability of 

parking space, but that is an inadequate means for identifying the points at which 

ecological damage occurs. How should ecological integrity be defined for new and 

changing targets of hyper-visitation? What new tools, education, or management 

strategies could be used to limit visitor density, particularly day-users, to ensure 

those defined targets are maintained? How could protected areas be more 

responsive to sudden surges in visitors imposed by popularity on social media? 

Should some areas be sacrificed to extremely high visitation as a means of 

protecting other areas? Should there be education campaigns to alert people to 

hyper-popular destinations and discourage visitation there, sort of like baby name 

books help people avoid naming their child Liam or Olivia, thinking it to be 

unique and unaware of its massive recent popularity?   

4. Increasing isolation: as human activities continue to modify landscapes in and 

around parks, species' populations are likely to become increasingly isolated from 
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one another potentially leading to a loss of genetic diversity and lost opportunities 

for rescue effects under stochastic extinction. 

5. How are we considering the urban pressures/protected areas paradox that is 

urban sprawl/urban margins impacting Southern Canadian landscapes in a 

disproportionately significant way to biodiversity?  

6. How do we predict the future cumulative impacts of multiple environmental 

stressors on biodiversity and related ecosystem functioning and services? 

Although there have recently been several reports of the types of net ecological 

effects of various human-induced environmental changes ("stressors") on species 

diversity and related ecological processes, a major knowledge gap still exists, 

namely an empirical framework that enables predictive understanding their net 

effects on species, communities, and ecosystems. Existing knowledge of species 

responses to single stressors can be analyzed to determine their relatedness, 

which in turn provides important insights into whether species are co-tolerant or 

highly sensitive to various combinations of stressors.  When combined with 

knowledge of functional traits and species interactions, collective correlation of 

species responses can predict whether multiple stressors exert synergistic, 

antagonistic, or additive net effects. 

7. What will be the effect of alienation of most people from nature: lack of support 

for reserves.   

8. Disentangle the cumulative effect of various stressors over local, regional and 

spatial scale -the power of the network of networks of protected areas. How does 

climate change, landscape fragmentation, invasive species, pollution, human uses 

and other issues affect the biodiversity in the protected areas? Numerous projects 

tried to address one or several of these issues, with varying scopes. Answering one 

issue in particular is challenging, requires a large amount of work, and results are 

often with a large amount of uncertainty. The Protected area research network 

(PARN) is a great opportunity to gather the data, observations and knowledge 

available for each site and share it within the PARN and beyond, in order in a first 

step to investigate these information a posteriori, which results will support in a 

second step to focus of follow up research projects implemented at the PARN 

scale, allowing to use large scale gradients to test conservation actions in an 

ecosystem based management approach. For instance large scale questions of 

climate adaptation can be tested using large scale north south gradient of 

common gardens (SÃ¡enz-Romero et al., ""Common Garden Comparisons 

Confirm Inherited Differences in Sensitivity to Climate Change between Forest 

Tree Species"" 2019), with and without herbivory control, within various 

protected areas environments. Cumulative effect also needs to be perceived along 

time, and again sharing the data, observation and knowledge within the PARN 

and beyond will increase the time depth of the knowledge source, but the PARN 

offer an opportunity also to reinforce some on site data collection and monitoring, 

and facilitate information sharing going forward. A strong monitoring framework 
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is essential for long term ecological research (Burns et al. 2014). For instance, 

developing long term permanent plot network with phenocam and wildlife remote 

camera with a standardized approach will improve our understanding of how 

local environment (weather, habitat quality) affect various process and 

components (here, phenology and occupancy), and these results could be 

extrapolated at a larger scale using the PARN. Better understanding of the 

cumulative effects of stressors and pressures on ecosystems will help identify 

ecosystem tipping points and successional pathways, which in turn inform the 

protected area decision process in the next decades. This will need to use both 

experimental and monitoring approaches, in a coordinated approach. 

9. What infrastructure improvements and innovations are required to manage and 

reduce the ecological impact of increased visitation in parks and protected areas? 

Particularly in parks with high visitation, large transportation corridors, and park 

communities, human use is reducing the ability of parks to protect ecological 

integrity. For example: How effective is waste water treatment in park 

communities and campgrounds? Can we divert or treat stormwater from park 

communities and highways before it enters aquatic systems? Where are wildlife 

crossing structures needed to connect ecosystems across increasingly busy 

highways? Would public transportation be effective in reducing the number of 

vehicles on park roadways? Do we need to set limits to development? Research 

into these questions and an assessment of infrastructure across the park system 

would help efficiently allocate infrastructure dollars and may identify innovative 

solutions to the ongoing challenge of managing parks for both human use and 

ecological integrity. 

10.  What is the impact, especially in small parks, of herbivores, especially ungulates, 

that experience large population increases because they are not hunted inside the 

parks?  Impact on vegetation composition, habitat for other species, disease 

transmission. (Côté et al. 2004) 

11. The cumulative impacts of motor vehicle spills on the natural environment is not 

understood. Parks located along major transportation corridors experience 

frequent impacts from small spills, the cumulative effects of which are not 

currently measured or quantified. How these effects interact and affect the 

integrity of terrestrial and aquatic systems may be significant over the long term.  

12. Motorized recreation using Off-Highway Vehicles (OHVs) is a common 

recreational activity. Use of OHV for recreation has impacts to local ecosystems, 

ecosystem services, and can cause negative impacts to the ecological integrity of 

areas through compaction of vegetation, increased sediment loads in creeks, and 

impacts to wildlife species such as grizzly bears (Ouren et al. 2007; Proctor et al. 

2019). Ease of access from motorized power can create demand for larger, and 

longer trail systems, thus increasing liner disturbance more than other human 

powered activities such as cycling, or hiking. Multi-use trails are also a breeding 

ground for recreation user conflicts, with different groups having different 
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cultural ecosystem services values. Tradeoffs between these values may be 

important for multi-use management (Sherrouse et al. 2017). The conclusion 

from recent studies exploring impacts of motorized recreation on Grizzly bears in 

Alberta is that multi-use landscapes need to be managed to a higher 

environmental standard and that access to all lands better consider overall habitat 

conservation (Proctor et al. 2010). Given the consistent recommendations to limit 

the density of linear features, better manage landscapes for biodiversity, and 

conservation values, and to recognize the ecosystem impacts of motorized 

recreation, research needs to be carried out to establish the most effective 

management systems for motorized recreation that satisfy the most number of 

recreational users on the landscape, while supporting the ecological threshold of 

the ecosystems, and minimizes impacts to environmental and cultural ecosystem 

services. 

13. Establishing harvest limits for species within parks places: parks science staff 

require technical support, tools & resources, often specific to the protected area to 

understand and manage species exposed to harvest for sustainable populations 

and ecosystem services and function. 

14. What are the genetic and evolutionary impacts of trophy hunting of ungulate 

males that originate from parks? (Poisson et al. 2020). 

15. Ocean Acidification and Seagrass as a buffer. Each year, about one third of the 

carbon dioxide (CO2) in fossil fuel emissions dissolves in ocean surface waters, 

forming carbonic acid and increasing ocean acidity. Over the next century or so, 

acidification will be intensified near the surface where much of the marine life 

that humans depend upon lives (Raven et al. 2015, NOAA 2020). The ocean 

surface is becoming more acidic with increasing atmospheric CO2, and acidity has 

increased by about 30% since the beginning of the industrial revolution. 

Estimates of future carbon dioxide levels, based on "business as usual" CO2 

emission scenarios, indicate that by the end of this century, the surface waters of 

the ocean could be nearly 150% more acidic, resulting in a pH (a measure of 

acidity) that the oceans haven't experienced for more than 20-million years and 

raising serious concerns about the ability of marine organisms to adapt. Ocean 

acidification may be one of the most important emerging issues regarding coastal 

health.  Monitoring is important to determine ecosystem impacts. Ecological 

restoration or modification to develop eelgrass meadows could provide localized 

mitigation due to buffering capacity of these ecosystems (Bergstrom et al. 2019).  

16. Is the exceedance of the planetary boundary for nitrogen an emerging issue for 

protected areas? Of the nine planetary boundaries within which humanity can 

safely operate, it may be surprising to learn that we have already transgressed the 

threshold for biogeochemical flows, specifically the nitrogen cycle (Steffen et al. 

2015). Human activity now converts more atmospheric nitrogen into reactive 

forms than natural fixation (Fowler et al. 2013). Although the primary purpose is 

to produce fertilizer, much of the reactive nitrogen ends up in and cascades 
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through our environment (Galloway et al. 2003), adding to on-going aquatic and 

terrestrial pollution concerns. While some protected areas may already be 

responding to discrete nitrogen issues, collectively we do not fully understand the 

long-term effects and sinks for the reactive nitrogen, “but we do know that 

increasing concentrations of nitrogen in unexpected places will cause significant 

environmental damage that we will all learn to regret” (Schlesinger 2009).  

17. What are the consequences of global decline in insect populations on the 

biological diversity and functioning of Canadian ecosystems? There is increasing 

evidence that insect populations worldwide are declining leading to drastic 

changes in the composition and diversity of their communities. Indeed, a global 

meta-analysis recently suggested that terrestrial insect populations are declining 

at an alarming rate, which could eventually lead to a decline in their biodiversity 

on a global scale (van Klink et al. 2020). However, this issue is still emerging, and 

more data is needed to provide convincing evidence and understand which parts 

of the world or which type of ecosystems are more strongly affected, and which 

one are more immune to this issue. Moreover, we have practically no clue 

regarding the consequences of such insect decline on the biological diversity and 

well-functioning of Canadian ecosystems given that Canada (especially the North) 

is typically a grey-zone when it comes to insect diversity. Indeed, information on 

the status of insect populations in Canada remains fragmented and taxon-specific. 

As an example, we know that bumble bee populations are declining (Soroye et al. 

2020), but population-level information on hyper-diverse groups of insects that 

play essential roles in ecosystem functioning, such as dragonflies, butterflies, ants 

and beetles, remains patchy.  Information of the status of insect populations in 

remote forested areas typical of National Parks, including those northern 

ecosystems, is particularly scarce. Not only do we know too little about insect 

population trends in Canada, but we know even less about the causes and 

consequences of such decline. The use of pesticides as well as the spread of 

diseases are two suspected causes of insect declines and Canadian National Parks 

could therefore represent safe havens for insect populations. Emerging 

techniques in environmental DNA, combined with high-throughput imagery and 

machine learning algorithms now allow to perform large-scale insect inventories, 

monitoring and taxonomic identification in ways that were not possible before. It 

is currently used in the USA by scientists running the long-term National 

Ecological Observatory Network, or NEON. The Canadian National Park system is 

in a unique position to play an equivalent role, for a part of the world (Boreal, 

Tundra) that is data deficient. Because insects play a wide variety of essential 

roles in ecosystem functioning, including pollinations of forests and crops, as well 

as decomposition and nutrient cycling, which mediate forest productivity and 

carbon storage in the face of a warming planet, it is imperative that we use 

emerging technology to monitor insect populations trends, and perhaps the 

consequences of their decline on the well-functioning of Canadian ecosystems. 

Large-scale insect monitoring is also essential for identifying species at risk and to 
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develop management programs to protect them as well as the services they 

provide to humans.  

18. Are there thresholds in the quantity and type of recreational activities in parks 

beyond which the indirect effects of sub-lethal disturbances (e.g., habitat 

displacement, stress) lead to wildlife population declines and associated impacts 

on ecosystem functions? 

19. What impact are managed pollinators having on our protected areas? What 

impact are managed pollinators (e.g., non-native honeybees, commercially reared 

bumble bees, mason bees) having on our protected areas? Are managed 

pollinators removing resources (nest sites, pollen/nectar, other food/resources, 

etc.) from native wild pollinators, and/or spreading diseases to them, in protected 

areas? Are they influencing the spread of non-native plant species in parks? 

Should they be prohibited from being placed in protected areas? While there is 

some research into the impact of honeybees, there is no consensus and a lot of 

debate, and most don't look at protected areas. (Colla and MacIvor 2017; Henry 

and Rodet 2018; Wojcik et al. 2020). 

20. The impact of light pollution on plant and animal species that are either a major 

part of food chains or are charismatic indicators of the health of ecosystems. This 

is an emerging issue in the sense of scientific and public awareness of the 

problem. Excess and unnecessary outdoor lighting has been with us for decades, 

but awareness of its negative impacts on species, ecosystems, human health, 

energy efficiency, enjoyment of natural night skies and other aspects has come to 

fore in the last decade with the advent of international campaigns to preserve 

natural night skies, such as through the establishment of dark sky protected areas 

and communities. Solving light pollution is a so-called “low hanging fruit,” easy 

and cheap to solve once the will is there, and with immediate, measurable 

benefits. It is a significant issue in at least two ways. On the negative side there 

are its insidious and subtle effects on ecological integrity. On the positive side, the 

role of natural areas in abating light pollution and bringing ecology of the night 

and night sky appreciation to visitors through interpretation and outreach 

programmes adds to visitors’ enjoyment of parks and reserves, and can also be 

used to demonstrate contributions to sustainable development. Methodologies 

could look at species monitored before and after light pollution abatement 

measures are introduced in natural areas and urban parks. Lighting management 

approaches can also be studied by comparing lighting management according to 

brightness, spectrum and duration. Studies should bring together ecologists, 

lighting engineers and astronomers, the latter connecting to visitor appreciation 

of natural dark skies. (Rich and Longcore 2013; Aulsebrook et al. 2020). 

21. Impacts on aquatic systems and aquatic health from pharmaceuticals and 

microplastics in wastewater is an emerging environmental issue. Conventional 

wastewater treatment is primarily biological and does not address modern 

chemicals such as hydrocarbons, metals, pharmaceuticals, hormones, artificial 
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sweeteners and similar anthropogenic substances. Wastewater effluent is the 

primary source of pharmaceuticals, hormones, consumer product chemicals and 

other organic wastewater compounds commonly detected in surface water, 

groundwater and drinking water (Schaider et al. 2017). Infrastructure where 

wastewater primarily originates from washroom use (e.g., campgrounds) are 

likely to generate high levels of sterols, pharmaceuticals and their metabolites and 

handsoap chemicals (e.g., triclosan) in their wastewater (Conn and Siegrist 

2009). Conduct research into the prevalence of these chemicals in protected area 

receiving environments and literature review of potential env. effects of the 

concentrations observed. If necessary, a follow-up would be research on emerging 

technologies for wastewater treatment that would address these substances. 

(Heugfelder n.d.; Ternes et al. 2004; Swartz et al. 2006; Conn and Siegrist 2009; 

Conn et al. 2010; Stempvoort et al. 2011; Nallani et al. 2011; Ross et al. 2013; 

Schaider et al. 2013; Roy et al. 2014; Brodin et al. 2014; Bett et al. 2016; Frankel 

et al. 2016; Jovanovic 2017; Drenner et al. 2018; Richmond et al. 2018; Zhi et al. 

2020). 

22. Emerging Contaminants in Wastewater: Parks are perceived as benchmarks and 

pristine wilderness. However, in Parks with internal municipalities there are 

issues with disposal of waste and wastewater. Conventional wastewater treatment 

is primarily biological and does not address modern chemicals such as 

hydrocarbons, metals, pharmaceuticals, hormones, artificial sweeteners and 

similar anthropogenic substances. Conduct research into the prevalence of these 

chemicals in Park receiving environments and literature review of potential env. 

effects of the concentrations observed. If necessary, a follow-up would be research 

on emerging technologies for wastewater treatment that would address these 

substances. Env. Canada researchers were starting to look at this, but, due to 

potential negative perception of these chemicals, work was discontinued.   

23. Expanding Transportation Corridors and marine traffic in the North: Proposed 

Chinese Belt and Road Transportation Routes and expanding marine traffic in the 

north. The impact of roads, railways, and marine transportation corridors create 

multi-faceted impacts on ecosystems and biodiversity as the serve as vectors for 

species movement (including predators, pathogens, and invasive species); cause 

direct mortality through impact; fragment migration, cause noise disturbance, 

and allow increased access into undeveloped areas. Nowhere at a global scale will 

this be more apparent than with China’s “Belt and Road” initiative (Belt and Road 

Initiative n.d., Turschwell et al. 2020). We can also expect ever increasing marine 

traffic in Canada’s northern waters as navigation becomes easier through the 

Northwest Passage which will have direct impacts on Lancaster Sound and 

Tallurutiup Imanga National Marine Conservation Area. Issues affecting Canada’s 

control over the Northwest Passage and the other international forces that oppose 

it will certainly have a long term impact on the ecological integrity of Canada’s 

northern waters (Hermann 2019).  
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24. Development of offshore windpower. Compared to Europe, Canada has been slow 

to develop offshore wind power in order to reduce its dependence on fossil fuels, 

although the potential is enormous. Although there has been some research on 

the effects of offshore wind power on marine organisms, this will emerge as a new 

issue in Canada as we attempt to develop our wind power potential. It could also 

become an issue around marine protected areas and we will need to do the 

research, in Canadian waters, on impacts on marine organisms. (Kaldellis et al. 

2016; Erbe et al. 2018). 

25. What will the impacts of decommissioning fossil fuel and large hydro 

infrastructure have on Canada's ecosystems? Canada already has 88,000 

abandoned oil and gas wells in Alberta alone, many of which are contaminated 

and could threaten future protected areas and their management. As well, we 

know that plans to restore fossil fuel infrastructure seldom pretend that they will 

be trying to restore what was lost. Since the scale of decommissioning the 

infrastructure will not only be expensive, but also be potentially threatening to 

any new or adjacent existing protected areas. (Rooney et al. 2012). 

26. Investigating anthropogenic noise as an ecosystem stressor in protected areas. 

Increasing levels of anthropogenic noise pollution (ANP) can have clear effects on 

breeding dynamics of protected bird species (e.g., Slabbekoorn and Ripmeester 

2008; Klingbeil et al. 2020); however, the role of ANP in aquatic systems is just 

now beginning to be appreciated (Erbe et al. 2019; Di Franco et al. 2020). 

Underwater noise can travel much further than noise in air and therefore, has the 

potential for larger scale impacts throughout protected areas; noise can cause 

elevated stress, reduced reproduction, and disruption in feeding rates across a 

range of aquatic species. Transport Canada has identified noise as a serious issue 

of concern that must be addressed (Nolet 2017) and DFO recently launched a 

review of the issue for marine areas. Reducing ANP in protected areas has the 

potential to reduce stress and increase fitness of aquatic animals in these areas. 

We are just now beginning to understand what levels and frequencies of ANP are 

important and how protections can be implemented to have the greatest impacts. 

This issue has not yet been brought to the attention of the general public so much 

work needs to be done on the public education side as well.  

27. Wild Pigs increasing in number and range across several provinces (SK, MB, ON, 

AB, BC). Wild pigs are present in increasing numbers and distribution across 

several provinces (Brook et al. 2014). Introduced in the 1980s and 1990s in 

Canada, they are a combination of Eurasian wild boar (Sus scrofa scrofa), 

domesticated feral pigs (S. s. domesticus) and hybrids of the two. They are listed 

as one of the 100 worst invasive species globally by the IUCN 

(http://www.iucngisd.org/gisd/100_worst.php). Their range has increased 

exponentially in Canada over the last 27 years; they now cover 777,783 km2 

(Aschim and Brook 2019). Their detection on wildlife cameras or transect flights 

is not straightforward as they are very cryptic; their presence may then be 
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underestimated and the ability to track the efficacy of any control or eradication 

programs is challenging (Dr. Ryan Brook, 

https://www.manitobacooperator.ca/news-opinion/news/local/pigs-on-the-

loose-a-pending-threat-in-manitoba/). They have been aptly compared to 400 lb 

rats (https://gimletmedia.com/shows/reply-all/n8hw3d) due to their high 

fecundity, early sexual maturity, flexible diet, long life and adaptive intelligence 

(Aschim and Brook, 2019). They have significant ecological impacts as they 

trample, root, eat anything from white-tailed deer to roots of native plants and 

have been linked to substantial degradation of natural ecosystems. Wild pigs also 

have a significant risk to pork producers with the potential for diseases such as 

African swine fever to be transmitted between wild and domesticated 

populations. (https://www.inspection.gc.ca/animal-health/terrestrial-

animals/diseases/reportable/african-swine-

fever/eng/1306983245302/1306983373952). As yet, there has been no 

coordinated provincial or federal response to control or eradication work in 

Canada. The impact of this invasive species is now starting to be felt in some 

provincially protected areas and preparation is needed.  

28. The mountain parks have been, and continue to be impacted by mountain pine 

beetle infestations that will have direct, but as yet unknown, impacts on these 

ecosystems and the services they provide. Currently there is no structured, 

coordinated program to monitor and assess the consequences of MPB in these 

landscapes. This is a current and long term issue and can be considered both a 

present and emerging issue unless addressed. 

29. The impact (threats and opportunities) of planting 2 billion trees. The 

government of Canada has set a target of planting 2 billion trees by 2029 as a 

nature based solution to climate change, and while at face value this is a 

promising  initiative the devil will be in the details and this may affect protected 

areas in a number of ways. Some key topics that should be considered early in the 

process include: Identifying situations where planting is ecologically appropriate 

vs. those where it is not. e.g. planting in a native grassland seems poorly advised. 

Identifying situations where this might have positive or negative effects on 

ecosystem connectivity.  Identifying ways that tree planting can have a positive 

influence on biodiversity conservation, e.g. by restoring degraded ecosystems. 

Considering if and how this program might be done in a climate smart way. For 

example should it be used to promote assisted migration of tree species? Or 

should we be planting future climate adapted varieties of a tree species? 

Consideration of disturbance regimes (e.g. wildfire, insect outbreaks, herbivores) 

in planning and design. Offering recommendations that help ensure that tree 

planting initiatives make a positive contribution to carbon sequestration. 

30. Suncor Energy Inc.is proposing to develop the Base Mine Extension Project to 

sustain the supply of bitumen to the existing upgraders at Suncor's Oil Sands Base 

Plant operation as the mineable bitumen resource is depleted. The Project 
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includes an open pit mining operation, new bitumen froth production facilities 

which delivers froth by pipeline to the existing Base Plant facilities for further 

upgrading. The Project is located adjacent to the Base Plant and north of the city 

of Fort McMurray Alberta. Construction is anticipated to begin 2026 with 

bitumen production 2030. In the Initial Project Description Summary the 

Clearwater River was referred to as being a wildlife and biodiversity zone. 

Although the mine extension should not impact the Clearwater-Christina Rivers 

in any way Suncor has advised me the rivers status will be corrected as a 

Canadian Heritage River with its own management plan. (Suncore Energy Inc. 

2021). 

31. The burgeoning forest biomass industry (e.g. the production of wood pellets for 

heat and power production) is driving an ecologically harmful industry under the 

auspices of providing sustainable forest industry jobs with co-benefits of GHG 

emissions and wildfire management. Internationally high biodiversity/carbon 

dense ecosystems have already been cleared for wood-based biofuels. Although 

there is little evidence to support the impacts of this industry on forest ecosystems 

in Canada (positive or negative) the promotion of economic benefits, and the 

exclusion of ecological implications, have left Canada (and other exporting 

countries) vulnerable to negative impacts on forest ecosystem resilience, 

exasperating climate change and decreasing air quality. This is an emerging issue 

because the industry is exploding, with little knowledge of the true implications 

for ecosystem resilience, climate change or human health, although a few studies 

in 2020 have begun to raise alarms. The issue is potentially significant as it runs 

counter to many important biodiversity and climate change policies.  It can: drive 

increases in logging in areas important to biodiversity, but previously considered 

commercially marginal; reduce the carbon sink of Canada’s forests; exacerbate 

wildfires through management practises that are not evidence-based; increase 

GHG emissions; and result in negative impacts on protected forests under the 

guise of wildfire management. (Moomaw 2018; IPCC 2019; Ceccheri et al. 2020; 

Malcolm 2020). 

32. Ensuring that the build out of renewables is good for biodiversity. The build out of 

renewable energy systems such as wind and solar, displaces CO2 producing coal, 

oil and natural gas electricity generation. While investing in a suite of renewable 

energy sources is an integral strategy to displace fossil fuel electricity generation, 

if done without considering potential impacts on biodiversity, individual projects 

or even elements within individual projects can override their climate benefits 

with biodiversity costs. Avoiding places important to biodiversity beyond 

protected areas, including migratory bottlenecks, stopover habitat or migration 

corridors for birds, bats and cetaceans, or native grasslands, would be an 

important step towards a complimentary approach to addressing the dual crises 

of biodiversity and climate. As siting of projects is provincial jurisdiction, there is 

an inconsistent approach to siting guidelines and standards across the country. As 
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resources and determination to develop the renewable energy sector increase, 

Canada and the provinces need a consistent, pan Canadian approach to this issue 

to avoid local loss of biodiversity while not discouraging growth of the renewable 

sector. 

33. How does the use of areas outside protected areas affect ecosystem functioning 

inside protected areas? This could also be associated with the issue of connectivity 

between protected areas. 

34. What is the Arctic coastal erosion rate and area affected by global warming? With 

the advance of new satellite sensors and Synthetic Aperture Radar technology, 

national scale Arctic coastal erosion can be monitored. Coastal erosion is affecting 

the Arctic heritage site, bird sanctuary, wetland habitat, water quality and 

northern communities. 

35. What are the hidden consequences of carrying and spilling agricultural products 

from trains through protected areas? The problem of attracting wildlife that 

might be struck by trains is increasingly acknowledged, but there are some more 

subtle effects that are not being addressed. How do these products, which might 

sum to hundreds of kg per km annually, contribute to population increases of 

invasive species and biotic homogenization, particularly for species like white-

tailed deer and pigeons? Is there a problem with trains carrying genetically 

modified products such as wheat, canola, and soy that germinate and potentially 

spread in protected areas? What about the petrochemical and heavy metal 

contaminants that cover spilled products that are then consumed by wildlife? 

Finally, how does the increasing speed and length of trains affect the ecological 

problems associated with them? What is the best way to mitigate these effects in 

protected areas? Related to this issue is the ongoing use of introduced plant 

species, particularly legumes like red clover, in seed mixes used in soil 

restoration. Although noxious species are regulated by protected area 

management, seemingly innocuous species continue to be used by concessions 

like ski hills in the mountain parks, but undoubtedly alter the distribution of 

wildlife. Some of these species are phytoestrogens and potentially influence 

reproductive rates for species that consume a lot of them.  

36. Can land-use activities outside/around protected areas reduce edge effects and 

isolation and promote connectivity across protected area networks? 

37. How are cumulative impacts being included in the evaluation of new protected 

areas and conservation planning writ large in Canada? Especially relevant when 

considering impacts on cultural and social values as well as ecological values that 

will be impacted negatively through climate change. This is directly tied into the 

study of applied conservation but is also connected to protected areas planning 

(and the understanding of resiliency of OECMs and also areas impacted by 

climate change) 
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38. In what ways can biodiversity and area-based conservation measures be 

effectively incorporated into Environmental Impact Assessment at various levels? 

39. While much attention has been placed on establishing new protected areas to 

reach our commitments for 25% protection of Canada's lands and waters by 2025, 

there is currently a lack of literature in Canada speaking to PADDD events 

(protected area downgrading, downsizing, and degazettement). While some initial 

work has been done on this by Conservation International 

(https://www.conservation.org/projects/paddd-protected-area-downgrading-

downsizing-and-degazettement), it would be good to see a more formal approach 

to assessing and cataloguing these types of activities that ease restrictions on the 

use of a protected area, shrink a protected area's boundaries or eliminate legal 

protections entirely. This project would allow organizations and individuals to 

better communicate to the public on backsliding of environmental protections 

that may otherwise go unnoticed over time, and would tie in to efforts by other 

countries who are attempting to catalogue similar issues in their own countries. It 

would also help ensure more accountability regarding the creation of ""paper 

parks"", as these legal changes can jeopardize ecosystems, species, and the people 

who depend upon them. While quantity of parks on the landscape is an important 

metric, tracking PADDD events can help to inform the quality of this protection 

over time. There are existing frameworks, case studies and methodology on how 

to document PADDD events in a systematic way which provide an excellent 

starting point for developing a research proposal.  

40. Many park systems do not have the ability to reverse or slow the fast-increasing 

problems with biodiversity deterioration. The main reason for this is that many 

parks are primarily made for human use and as businesses while conservation is 

more an afterthought (see management plans: 

https://www.albertaparks.ca/albertaparksca/management-land-

use/management-planning/management-plans/). A specially problematic topic is 

the lack of big continuous areas where important keystone species for biodiversity 

such as wolves (Ecology letters doi: 10.1111/j.1461-0248.2009.01347.x) and 

beavers (Mammal Review doi: 10.1111/mam.12220) are protected (there are 

traplines in all Alberta provincial parks along the Rocky Mountains and there is 

no buffer outside the national parks either). It is essential to deal with the 

problems wide-roaming mammals have due to trapping and the lack of protective 

areas big enough (Global Ecology and Conservation doi: 

10.1016/j.gecco.2020.e01293). Further, for e.g., trapping in southern Alberta 

makes it impossible for wolverines to exist longterm (Journal of Wildlife 

Management doi: 10.1002/jwmg.2178 ). Politics needs to decide on these species 

in need of lots of space: either we try to keep them, or we decide that the needs for 

people are more important. 

41. Are algal blooms increasing in Park lakes and if so, is there also a shift towards 

dominance of cyanobacteria (blue-green algae)? We now know that even remote 
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lakes are experiencing algal blooms, and often cyanobacterial blooms, which can 

develop toxins (Favot et al. 2019, Smol 2019). Traditionally, it was thought one 

needed high nutrient inputs, but we now know, presumably linked to climate 

warming, even lower nutrient lakes are experiencing blooms. Longer ice-off 
conditions and stronger thermal stratification may be a cause. 

5.4 Synthetic biology 

1. The use of CRISPR-CAS9 gene drives to manage native and invasive species. A 

number of agencies and jurisdictions are actively pursuing this technology to 

manage species and if not carefully monitored and if reversibility is not included 

in the design of these agents, they can result in permanent alterations to species 

genomes. Once released, they can be transported to other jurisdictions. 

2. Under what conditions should GMOs, gene drives, and synthetic organisms be 

used in managing undesirable species (including pathogens) in protected areas? A 

number of agencies and jurisdictions are actively pursuing this technology to 

manage species and if not carefully monitored and if reversibility is not included 

in the design of these agents, they can result in permanent alterations to species 

genomes. Once released, they can be transported to other jurisdictions. What are 

the risks and feasibility of gene drive technology to remove, e.g., invasive rodents? 

Rodent removal projects can prevent island extinctions and benefit island 

ecosystems ecologically as well as attaining global sustainable development goals 

(de Wit et al. 2020). The current technology of rodenticides has many impacts 

that limit its utility on large islands or in situations where other island species are 

sensitive and may be affected by the rodenticide (Campbell et al. 2015). There is a 

possibility that gene drives – systems of biased inheritance – could be used to 

eliminate invasive rodents. One way the gene drive concept has been used in a lab 

setting is that only males are born to animals with the drive and this trait is 

passed along through the generations; over time, the population senesces. A 

consortium of global players (https://www.geneticbiocontrol.org/) is asking and 

answering important ethical and scientific questions about this technology for its 

feasibility of use in conservation. Implications of this work include minimizing 

animal suffering associated with these projects, the ability to carry out invasive 

species management at large landscape level scales and increased durability of the 

conservation gains.  

3. What are the risks and feasibility of gene drive technology to remove invasive 

rodents? Supporting the research determining the risks and feasibility of gene 

drive technology to remove invasive rodents: Rodent removal projects can 

prevent island extinctions and benefit island ecosystems ecologically as well as 

attaining global sustainable development goals (de Wit et al. 2020). The current 

technology of rodenticides has many impacts that limit its utility on large islands 

or in situations where other island species are sensitive and may be affected by 

the rodenticide (Campbell et al. 2015). There is a possibility that gene drives – 
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systems of biased inheritance – could be used to eliminate invasive rodents. One 

way the gene drive concept has been used in a lab setting is that only males are 

born to animals with the drive and this trait is passed along through the 

generations; over time, the population senesces. A consortium of global players 

(https://www.geneticbiocontrol.org/) is asking and answering important ethical 

and scientific questions about this technology for its feasibility of use in 

conservation. Implications of this work include minimizing of animal suffering 

associated with these projects, the ability to carry out invasive species 

management at large landscape level scales and increased durability of the 

conservation gains. Some of the most important global breeding sites for seabirds 

are within PHPs like Gwaii Haanas that are heavily impacted by invasive rodents. 

4. Effect on Insects of Transgenic Oilseed Crops that Produce Omega-3 Fatty Acids 

Oilseed crop plants such as Camelina sativa and Linum usitatissimum have been 

genetically engineered to produce the omega-3 fatty acids eicosapentaenoic acid 

(EPA) and docosapentaenoic acid (DHA), which do not usually occur in terrestrial 

plants (Usher et al. 2017; Sutherland 2019). The inclusion of EPA and DHA in the 

fat profile of oilseeds proportionally reduces the availability of alpha-linolenic 

acid, which is essential for health, growth, cognition, and survival in terrestrial 

insects (Colombo et al. 2018). In cropping systems, these highly bioactive fatty 

acids would add a novel component to the diets of primary consumers, with 

potentially major impacts across food webs. For instance, butterfly larvae feeding 

on these crops develop into heavier adults but have smaller wings that are more 

likely to be deformed (Hixson et al. 2016). It is unclear whether regulatory 

agencies worldwide have examined the potential for these novel crops to have 

unintended consequences on animals, especially insects, in agricultural areas 

(Sutherland et al. 2019).  

5. The release of genetically modified species into the general population i.e., (pollen 

from trees that are modified or transported from other parts of their range like 
Douglas-fir pollen from trees in California to trees in BC. 

 

5.5 Tools and data 

1. Long-term monitoring of the water level fluctuation in wetlands. The water level 

fluctuation affects the wetland conditions (such as biodiversity, spread of invasive 

species, and connectivity). Using the advanced radar satellites, water level 

fluctuations may be monitored frequently and provide useful information for 

wetland study. 

2. Standardization and integration of eDNA techniques into ecological integrity 

monitoring.  eDNA is a powerful and efficient means to sample biological 

communities. Reliable, affordable access to laboratories is required. Presently, 

services are available only through academic institutions. Provision of services by 
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a Federal agency to increase capacity, efficiency and reliability similar to water 

quality analysis is provided would be a benefit to the application of this new 

ecosystem management tool. 

3. How can eDNA be used as a tool for non-aquatic environments, including for 

species at risk and invasive species? eDNA is used for early detection monitoring 

for aquatic invasive species, but little information about techniques for collecting 

eDNA in terrestrial or aerial environments. 

4. What new tools could address the increasing prevalence of human-wildlife 

conflict adjacent to protected areas? This is related to the well-established issue of 

carnivores that cross boundaries among jurisdictions with different governance, 

mandates, land-use, and human population densities, but emphasizes contexts 

that are currently underestimated and lack proactive management. What would 

these tools be, given the increasing rejection of lethal management by the public? 

This issue also applies increasingly to smaller scales including urban parks. 

Particularly in urban contexts, is there a role for community-based aversive 

conditioning for urban-exploiting species like Canada geese, coyotes, racoons, and 

ungulates? For large carnivores with increasing populations at urban-wildland 

interfaces, should there be greater monitoring (e.g., via GPS collars or remote 

cameras) of animals that are likely to range outside of the protected area and into 

human-use areas? Will protected areas have more legal liability in future to 

protect members of the public (or their livestock and pets) from the ""surplus"" of 

large carnivores they are producing, relative to the bad ol"" days with greater 

reliance on lethal management of carnivores, even inside protected areas? The 

emergent part of this issue is that I sense that we are underestimating the 

increase in carnivore populations, the inevitability of carrying capacity, and the 

increasing rates of encounters with people. In addition to tools for managing 

wildlife, how can citizens be encouraged to take greater personal responsibility for 

containing attractants, protecting pets and livestock, and avoiding conflict?  

5. Technology and nature often seem contradictory but there are areas of great 

advantage that can occur to benefit nature conservation using technological tools. 

Applied ecologists and conservation scientists have often struggled with 

combining innovative technological tools to enhance the conservation of natural 

environments because of cost, availability and specialized skill requirements. GPS 

tracking was one of the first novel technologies to help researchers and land 

managers monitor and study wild populations of species in real-time. For 

example, GPS collars have been utilized to identify the direct causes of mortality 

of grizzly bears in Banff and Yoho National Parks (Pollock et al. 2019). 

Additionally, advances in technology have enabled almost any wildlife lover to 

become a citizen scientist. Using the iNaturalist Canada app allows users to snap 

pictures and upload photos of nature right outside their door, building a living 

record of wildlife in Canada. In remote northern National Parks, Resource 

Conservation teams' often lack access to the remote parks and the resources to 
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secure and deploy new technology and tools to effectively document changes and 

efficiently monitor lands managed by Parks Canada. For example, the latest suite 

of non-invasive technologies (e.g., remote cameras that run 24/7 collecting 

thousands of images throughout the year) provide strong evidence that ecologists 

need to assess the true status of populations with innovative methodologies. 

Today's technology combined with remote access to the technology (e.g., satellite 

uplink on remote weather stations) can give remote parks near real time data for 

making clear evidence based decisions (e.g., increased information on fire 

management decisions in remote areas). These technological tools are many and 

varied and have a potential shared resource toolbox where useful tools and newly 

emerging tools can be shared along with valuable experiences. In northern parks, 

the remote nature often means that while the technology provides a window into 

a region that is less visited, deploying and maintenance costs for the technical 

equipment may be greater than the purchase of the new technology itself. For 

northern parks to effectively and efficiently monitor the lands and animals of 

these remote regions additional funding and or shared resources to expand the 

use of technology would enhance conservation efforts. 

6. Cumulative effects assessment. Analytical techniques that are accepted and 

clearly articulate cumulative effects of human induced impacts, changes or 

development(s) on ecosystem structure and function would be most helpful for 

informing protected area management decision making processes. The audience 

for this tool would be for natural area managers and impact assessment 

practitioners. This is not a new problem, but one that seems to have been largely 

elusive to environmental science and relies on various iterations of weight of 

evidence approaches. 

7. Monitoring is labour intensive and therefore requires difficult choices about 

resource allocation. How can we expand the use of remote sensing or unattended 

monitoring tools for ecosystem monitoring and data collection? 

8. Systematic review using artificial intelligence and deep learning is an emerging 

field that improves the analysis and dissemination of evidence, using rigorous and 

transparent methods. Notably, by using the gray literature, systematic reviews 

have the potential to 1) better understand current challenges and present 

appropriate evidence-based actions; 2) identify gaps in knowledge ; and 3) predict 

new emerging issues. Protected areas, from the establishment to the 

management, have been collecting information, data, and knowledge, producing 

results and interpretations, and writing reports and policy to manage the natural 

and cultural resources. Gathering and sharing as much available relevant 

information into a common ""knowledge hub"", that could be used within the 

Protected area research network, but more importantly by a broader community 

(Open Science), would allow to build upon this knowledge, notably using artificial 

intelligence supported methods. New development in computer assisted analyses 

allows us to: 1) better address known issues using systematic reviews of both gray 
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literature and peer-reviewed information (Paez 2017). Systematic review have 

also the advantage to reduces biases (if appropriate tools are used); 2) identify 

knowledge gaps within the current conservation issues and actions (Simon et al. 

2019); And 3) identify emerging issues, either ""known unknown"" (but it can be 

considered a knowledge gap) or more importantly some ""unknown unknown"": 

recent advances in biomedical and engineering domains use artificial intelligence 

methods to predict new protein chains or material state (Schmidt et al. 2020). 

Gathering conservation knowledge into a common space, allowing flexible usage 

of data and information, and using innovative techniques may help detect and 

identify emerging and horizon issues and possible set of actions, to allow 

management of protected areas to keep pace with the change of environment and 

technologies. 

9. Arctic marine and terrestrial ecosystems are witnessing unprecedented and rapid 

changes under a rapidly changing climate. While recent efforts have been 

deployed to protect some of these most fragile and unique ecosystems1, their 

extreme remoteness and harsh climate render them extremely difficult to access 

and monitor. Extreme cold winter temperatures, polar night and lack of any 

existing infrastructure currently prevents us from maintaining appropriate year-

round monitoring stations or observatories. The recent pandemic situation that 

prevented human access to the few automated stations deployed in High Arctic 

protected areas highlighted our need for more autonomous monitoring 

equipment and infrastructure. Ecosystem monitoring is fundamental to our 

understanding of how ecosystem change is impacting our natural resources and 

ecosystem services and is vital for developing evidence‐ based policy and 

management. Recent advances in satellite remote sensing, unmanned aerial 

vehicles (UAV or drones) or automated underwater vehicles (AUV) are opening 

exciting new possibilities, but field deployed sensing and monitoring technologies 

are lagging behind with the deployment of existing, often outdated, off the shelf 

instruments and sensors. How can we encourage a stronger collaboration and 

converge of expertise between technology developers (engineering, optical 

sensors, miniaturization, electronics) and users (field ecologists, biologists) to 

develop and deploy novel, low-energy, portable, autonomous, long-term and 

precise sensing and monitoring technologies allowing ecosystem monitoring at all 

scales, from microbes to glaciers, in our most fragile marine and terrestrial 

protected areas. (Vincent and Mueller 2020). 

10. Data management: librarians and data curators are developing standards to make 

data reusable. Data repositories for open science are appearing left-right-and-

center. Data is seldom deposited and rarely sought. Conservation databases are 

often available only to contributors, and are not easily accessed by those outside 

of the conservation organizations.  

11. A national strategy/approach to information management and data/document 

storage. This isn't a research topic per se but we NEED it. Please help!! 
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12. How do we survive and thrive in a data tsunami? While protected area 

management is often challenged by a lack of data on ecosystem condition and 

trends, new technologies are rapidly changing this context. However, given the 

sheer volume, diversity, and real-time availability of data from these sources, data 

management systems, in general, have not kept pace with this growth and thus 

limit our ability to use the data to respond to threats and better govern our 

protected areas. As reported by Brett et al. (2020), data from remote sensing and 

other platforms, coupled with emerging data streams (e.g., social media, 

distributed sensors) are creating a ""data tsunami"". For example, autonomous 

platforms alone collected more data on the oceans in 2018 than in the entire 

previous century (Tanhua et al. 2019). As such, we need to rethink how data is 

collected, analyzed and managed. The concepts of ""Big Data"", the ""Internet of 

Things"", and ""Artificial Intelligence"" propel this wave (ESCAP 2017) and 

emerging approaches such as iEcology (Jaric et al. 2020) and conservation 

culturomics (Ladle et al. 2016) are beginning to show promise. Although there are 

many challenges ahead (e.g., data access, security, analytics, apophenia, veracity), 

including those yet unforeseen (e.g., machines with agency), the question 

remains, how can we prepare for and manage the data tsunami and better 

understand our ecosystems and improve decision-making in a protected area 

context?   

5.6 Indigenous governance and knowledge systems 

1. How can UNDRIP/DRIPA and future federal UNDRIP legislation support and 

accelerate protected areas policy - how can legal tools work in tandem (especially 

when there are so many shared values)? 

2. Will Indigenous peoples enforce their rights and values in national parks? There 

is already a major push for Indigenous Protected Areas and co-managed areas. 

This is a really exciting trend. It will also come with some management dilemmas. 

For example, how can Indigenous guardians protect their rights on lands that 

were designated as "protected" in the past? How can they ensure that others are 

not harming the environments they depend upon for food and culture? Will 

Indigenous peoples assert rights to enforce their vision of "conservation" in 

federally- or provincially-designated protected areas?  

3. What changes are needed to Crown government policies and laws in Canada to 

enable and support Indigenous protected areas? Over the next decade we can 

anticipate that Indigenous governance models for protected and conserved areas 

will be at the heart of advancing conservation in Canada, and a key approach to 

conserving the health of Canada's ecosystems. They also can contribute to 

reconciliation efforts in Canada. 

4. What mechanisms can best support Indigenous governance and stewardship of 

their territories for the mutual benefit of Indigenous peoples and ecosystems? 
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Crucial to conservation advancements are provisions to reconnect Indigenous 

peoples to their territories and recognize their rights to govern their territories 

(Artelle et al. 2019; Zurba et al. 2019). There is growing recognition of the 

effective governance of Indigenous lands, with 40% of the earth""s most intact 

remaining biodiverse areas in Indigenous stewardship (Garnett et al. 2018). 

Indigenous lands host similar levels of biodiversity as protected areas in Brazil, 

Canada, and Australia (Schuster et al. 2019). Inclusions of other effective 

conservation measures within the Aichi Targets of the Strategic Plan for 

Biodiversity acknowledge Indigenous stewardship outside of protected areas 

(UNEP/CBD 2010; Dudley et al. 2018; IUCN WCPA 2019). The Indigenous Circle 

of Experts (ICE 2018) described such areas, referring to them as ""Indigenous 

Protected and Conserved Areas"" (IPCAs), stipulating that they be Indigenous led, 

represent a long-term commitment to conservation, and elevate Indigenous rights 

and responsibilities. The ICE report has opened up an opportunity for Indigenous 

nations to build their own approaches to community and cultural regeneration, as 

well as influence how nation-to-nation relationship-building may occur in the 

conservation context. Such opportunities are particularly important as 

conservation efforts expand beyond 2020 to encompass more land, with higher 

area-based-protection targets and ecological corridors between existing protected 

areas (Hilty et al. 2020; IPBES 2019). The push for biodiversity conservation in 

the absence of direct involvement of Indigenous groups would further entrench 

colonization practices and miss important opportunities for conservation (Artelle 

et al. 2019; Zurba et al. 2019; M'sit No'kmaq et al. in review). 

5. If co-management with indigenous peoples is established in protected areas, how 

do new values (i.e., hunting) relate to ecological integrity? What are the 

mechanisms for co-management? What information does protected areas need to 

manage harvest of resources? 

6. Shifting from the settler to Indigenous land management paradigm: The removal 

of indigenous peoples from Canada’s parks and protected areas (e.g., Binnema 

and Niemi, 2015) also removed their ways of managing the land. Cultural 

burning, clam gardening, the harvest of various animals and plants as well as 

many other interactions were removed wholesale from most protected areas in 

Canada. Recent research has demonstrated that lands managed by indigenous 

nations have the greatest biodiversity – regardless of land area (Schuster et al. 

2019). In alignment with the Nature Legacy pillar of Indigenous Conservation as 

well as the reconciliation principles articulated within the Truth and 

Reconciliation report (TRC 2015), the inclusion of traditional land management 

and the shared monitoring of its impacts (using principles of Two-Eyed seeing 

sensu Marshall as discussed in Reid et al. 2020) should be considered and 

implemented. The blending of these approaches could lead to a broader evidence 

base to inform management plans to support the recovery of species at risk and 

the maintenance of ecological integrity. This was successfully done using Bayesian 
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Belief Networks in the Slave River to co-develop the questions of interest and 

derive the evidence to answer the questions (Reid et al. 2020). In general, this 

approach would blend the long standing knowledge and deep interconnectedness 

of the land from IK with the perspective of someone coming in with ‘fresh eyes’ to 

the systems.  

7. Weaving Indigenous Knowledge and perspectives with science and park 

management perspectives is clearly a priority, but HOW to do this in a 

meaningful, respective, and culturally appropriate way seems to be elusive. A 

clear framework for doing this would be hugely helpful.  

8. How may Indigenous worldviews in relation to human-and-non-human ecologies 

be more broadly understood and fostered among non-Indigenous communities? 

We are at a point where Indigenous wisdom and Western science converge: the 

living planet and all its beings are in deep trouble; we are the cause of it and must 

be the solution; and, only transformative solutions will suffice (IPBES 2019; 

Steffen et al. 2015; WWF-Canada 2020). The success of biodiversity conservation 

requires changes to the ways we see ourselves in the world (M'sit No'kmaq et al. 

in review). These entail transformations to epistemologies, ontologies, laws and 

governance systems that value people and nature in all their diversity and 

relationships (Simpson 2011, 2017; Patterson et al. 2017). Core principles may 

derive from Indigenous worldviews of ecologies, languages and the land, Natural 

laws, correct relationships, total reflection, ""two-eyed seeing"" (Marshall 2004; 

Bartlett et al. 2012), and ""story-telling/story-listening"" (Hum 2020). These hold 

values that if broadly internalized would represent a deep cognitive 

transformation among all people and support the bold and proactive actions 

needed to heal the world (M'sit No'kmaq et al. in review). As Elder Albert 

Marshall (2020) reminds us, the prerogative is ours: “If we can somehow humble 

ourselves, ... as we are now on a crossroads.... [We] have a prerogative-if it’s going 

to be business as usual, well, -… we know what the outcome of that one will 

be....[I]f it’s going to be total reflection,... and transform those lessons learned... , 

we might stand a chance. Because -…, in my culture, there is no such word as 

""end of the world"". The world will not end. Only people will be gone.” 

9. Indigenous led conservation:  How can current and future parks operate 

under a adaptive model that is created within an ethical space to develop new 

processes, methods, and best practices around collaborative evaluation of 

environmental and cultural values?  What are the best social science methods 

to engage within an ethical space to braid Indigenous and other knowledge 

systems together about ecosystems and ecosystem services to inform, adapt, and 

enhance current conservation practices in Canada and to support park 

establishment, planning, management, operational practices and other park 

processes? How can the emerging Indigenous guardians programs work with 

Parks to achieve common goals?   
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10. The concept of "ethical space" was at the heart of recommendations from the 

Pathway to Target One National Advisory Panel (NAP) and the Indigenous Circle 

of Experts. The NAP pointed out that protected areas offer a significant 

opportunity to make progress towards reconciliation while delivering 

conservation outcomes. "Ethical space" was explained as follows: "the ethical 

space is formed when two societies with disparate world views, are poised to 

engage each other. It is the thought about diverse societies and the space in 

between them that contributes to the development of a framework for dialogue 

between human communities." (W. Ermine. 2007. The ethical space of 

engagement, Indigenous Law Journal 6(11), p. 193.). How can ethical space be 

most effectively used as a framework to build more equitable and effective 

protected areas systems. A related question is whether and how protected areas 

could become "ethical spaces" in and of themselves, where Indigenous and non-

Indigenous peoples in Canada could learn about each other's world views related 

to land and ocean, and explore pathways to improve how we work together 

towards our common goal of equitably and effectively conserving the natural 

world. 

11. Decolonization as a strategy for biological conservation. All of the land base of 

Canada is either treaty lands or unceded territory of Indigenous Peoples. The 

marginalization and mistreatment of Indigenous Peoples by Canada has been well 

documented (http://www.trc.ca/) as has the need for reconciliation. To conserve 

the earth’s biodiversity, the CBD and subsequent agreements like the Aichi targets 

are believed necessary to conserve the earth’s biological diversity and prevent 

massive extinctions. Convention signatories are responsible for meeting targets in 

their respective countries. Canada’s targets for one of the biodiversity metrics – 

protected areas, is to protect 30% of its lands and waters by 2030. As these lands 

and waters are all also treaty lands and unceded Indigenous Peoples’ territories, 

Canada has an unprecedented opportunity to address both indigenous 

reconciliation and biological diversity by handing over control and management 

of large parts of Canada to indigenous peoples. This must be accompanied by 

work to actively incentivize and support provincial, territorial govt’s, including 

engagement of industry actors with extraction leases such as forestry and mining 

sectors, to relinquish control over major tracts of land and ocean ecosystems in 

Canada while providing long term investment and support to ensure stewardship 

of these areas by indigenous peoples as Indigenous Protected and Conserved 

Areas.  

12. How can municipal/local-scale conservation be leveraged to catalyze 

reconciliation, re-narrate conservation and enable meaningful partnerships as we 

collectively work towards 25x25? 

13. There is major interest in facilitating more collaborative interactions with First 

Nations partners and stakeholders. However, it takes a special relationship-

building skill set to successfully facilitate these tools, which can be difficult for 



78 
 

people trained in resource management. Different timelines in organization than 

is needed to accommodate this type of collaboration or true consultation is a 

challenge. We also need to coordinate regionally when it comes to engagement 

and consultation.  

5.7 Protected areas planning  

1. The need for integration of protected areas into a wider suite of conservation 

instruments to cover the entire landscape (and seascape) that will work together 

to allow biodiversity to recover and persist - particularly in the existing context of 

rapid land-use (and sea-use) change and climate change. Most protected areas 

will be too small to be effective as islands, and competing land uses (and sea uses) 

limit the area that can be capital-P Protected (meaning meeting the international 

definition of a Protected Area).  

2. How can protected areas be designed to allow climate-change migrants to adapt 

by moving within and between protected areas? Under climate change, species 

may face unsuitable thermal conditions to which they need to adapt or perish. 

Adaptation could occur in situ through natural selection in species with short 

generation times, or ex situ by dispersing to, or being moved to, more suitable 

thermal habitats. The ability to adapt through dispersal may be limited by 

barriers to movement such as poor dispersal capacity (e.g., plants), physical 

barriers (e.g., in-stream or watershed barriers for aquatic species), or unsuitable 

habitat (e.g., between protected areas). Differential responses of species to 

climate change will also lead to changing species interactions and, hence, 

ecological communities. These climate-driven issues will be challenging to the 

management and design of existing protected areas and should be considered 

when designing new protected areas. There is a need for research focused on 

understanding how landscapes can be designed and managed to provide habitat 

for biodiversity, promote connectivity between protected areas, increase capacity 

of species to respond to environmental threats and assist species in climate 

change adaptation through climate-informed protected area networks. (Thomas 

and Gillingham 2015; Elsen et al. 2011; Landis 2017, Kremen and Merenlender 

2018; D’Aloi et al. 2019; Saenz-Romero et al. 2020; Stralberg 2020, Wanger et al. 

2020, Williams et al. 2020).   

3. In the face of climate change, the spatial design of the protected areas will play a 

critical role in determining if they continue to be the cornerstones of biodiversity 

conservation and are able to provide the same level of ecosystem services for long 

term in future. The key question that needs to be answered is - How can protected 

areas network be designed spatially to adapt to climate change while meeting the 

objectives of biodiversity, native species, and long-term resilience? Dudley et al. 

(2018) list several priorities for protected area research based on their survey and 

this is one of the priorities listed. 
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4. Climate change refugia have high relevance for protected areas acquisition and 

connectivity planning as they offer low climate resistance movement routes for 

species because climate refugia are more closely aligned with the rates at which an 

organism loses physiological fitness relative to possible poleward dispersion 

rates.  

5. Which biodiversity or ecosystem components are most likely to be negatively 

impacted by climate changes? Which geographic locations of valued biodiversity 

and/or ecosystem components, relationships and processes are more likely to be 

resilient to climate changes? How may these climate-resilient areas be integrated 

into protected and conserved system or network plans? (Anderson et al. 2012, 

2016; Lawlor et al. 2013, 2016; McGuire et al. 2016; Bourque et al. 2020). 

6. Is there a need for a national ecosystem connectivity plan?  

7. How are we considering the quality of biodiversity/protected areas when under 

huge international pressures to conserve rapid percentage of water and land? This 

is the age-old question of quality/quantity. 

8. For marine reserves:  how large should they be to maintain populations and 

processes?    

9. Achieving expectations: are protected areas moving to success in their 

expectations? 

10. The federal government pledged $1.3 billion in conservation funding for a 

commitment to increase protected areas in Canada to meet Canada’s obligations 

to the United Nations Convention on Biological Diversity. Establishing new 

protected areas has historically fallen on natural science and resource 

conservation managers"" shoulders to guide conservation actions. At the same 

time, social scientists remain misunderstood and underutilized (Bennett et al. 

2016). The answers to how Canada will achieve these international commitments 

lie in people’s actions and behaviours. To have truly effective conservation efforts, 

engagement with people and the appropriate consideration of the human 

dimension of environmental issues related to conservation are needed (Bennett et 

al. 2017). This is where the social sciences come into play. Encouraging outcomes 

from integrating social and natural sciences are mounting. For example, social 

science methods have been critical in collecting traditional ecological knowledge 

to better understand changes in animal populations such as caribou across 

Canada (Festa-Bianchet et al. 2011; Polfus et al. 2013 Tomaselli et al. 2018). The 

scope and scale of employing social science practices towards establishing novel 

protected areas are not readily evident. How could both natural and social 

scientists be intertwined to increase protected areas in Canada to meet Canada's 

international obligations? 

11. Traditional area-based protected area strategies are no longer sufficient to 

conserve biodiversity across diverse landscapes subject to multifaceted human 
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use (Maxwell et al. 2020). There is need for research focused on understanding 

how landscapes can be designed and managed to provide habitat for biodiversity, 

promote connectivity between protected areas, increase capacity of species to 

respond to environmental threats and assist species in climate change adaptation 

through climate-informed protected area networks (Landis 2016; Kremen and 

Merenlender 2018; Stralberg et al. 2020; Wanger et al. 2020; Williams et al. 

2020). Approaches to protect and restore natural habitats outside of core 

protected areas, the -working landscapes- or -nature-inclusive agricultural lands- 

that are managed to support human needs through ranching, farming and 

forestry need to be developed (Stralberg et al. 2020; Garibaldi et al. 2020). We 

need to determine what are the main socioeconomic barriers and how to 

overcome them (Williams et al. 2020); research into knowledge, 

economic/regulatory, sociocultural and biophysical constraints that prevent 

adaptation of sustainable practices, land use planning and management (Oliver et 

al. 2018; Williams et al. 2020). 

12. Integration of protected areas into a wider suite of conservation instruments to 

cover the entire landscape and seascape. Protected areas and equivalent area-

based conservation measures are well established as a key tool to address 

biodiversity loss. Many, as islands of habitat in an increasingly altered landscape, 

are already valuable refuges. It is clear, however, that biodiversity is continuing to 

decline, while direct and indirect pressures on biodiversity are increasing. Formal 

protection can continue to reduce these pressures in some places, but protected 

areas are not sufficient to fully offset existing pressures by themselves: 

biodiversity continues to decline, including within many protected area. Even the 

proposed (and very ambitious) 30% protected areas goals leave the vast majority 

of land and sea unprotected. The need for a more comprehensive approach, 

enabling improved biodiversity outcomes on those areas of the landscape 

(seascape) that are used in ways incompatible with existing definitions of 

Protected Areas or Other Effective area-based Conservation Measures, is 

becoming more widely recognized. For example, discussion documents for the 

post-2020 framework of the Convention on Biodiversity include a proposed target 

for high percentages of land and sea to be covered by spatial planning 

instruments. To adequately conserve biodiversity at more than the local scale, 

therefore, protected areas must be used in coordination with a suite of other 

measures. How can this be done? Protection is sometimes called the “backbone” 

of conservation. What are the other measures that fill out the toolbox? Under 

what biological and sociological conditions should we apply protection and when 

should we use a different approach? How can the matrix be “softened” to create 

improved habitat, connectivity and species abundance at landscape level, 

supporting biodiversity inside and outside protected areas? How can land/sea 

management be improved to reflect the fact that wildlife is unconcerned with 

human-drawn boundaries? (Craigie et al. 2010; Stanislav et al. 2018; Geldmann 

et al. 2019). 
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13. Lack of protection for inland water. (Bastin et al. 2019).  

14. Lack of spatial connectivity of protected areas. (Bargelt et al. 2020). 

15. Protected areas are rarely designed on a watershed basis. More consideration for 

watersheds (of any scale, but larger is always better) should be inherent in 

protected area designs. Abell et al. 2017) 

16. OECM effectiveness: OECMs will be critical in reaching the federal government's 

target of protecting 25% of the terrestrial and inland waters of Canada by 2025. 

The distinguishing features of an OECM are that it is 1) not dedicated to 

biodiversity and ecosystem conservation and yet is 2) governed and managed in a 

way that leads to positive and sustainable conservation outcomes. Usually this 

arises through management for a compatible objective such as traditional use, 

flood control, hunting or low intensity agriculture. The test for the effectiveness of 

different types of OECMs should be straight-forward and verifiable. One 

possibility is a remote sensing based index of landscape change that uses local 

protected areas as controls. If the OECM can match the level of landscape change 

in a comparable protected area it would be deemed effective. Such an index could 

be developed through collaboration with indigenous knowledge experts and the 

use of counterfactual cases where biodiversity and ecosystem function could be 

suppressed without observable changes in satellite imagery (e.g., intensive 

grazing, subsurface mineral exploration, invasive species effects). 

17. Can Protected Areas survive in the long term? 

18. How much area is enough and where should it be located to effectively protect, 

conserve and recover biodiversity and ecosystems in Canada? What are 

mechanisms by which these areas may be systematically delineated and 

effectively protected and conserved through expansion of the PA & OECM system 

(including IPCAs), ecological corridors and ecological networks, and integration 

into sustainable landscape and seascapes? Conservation science tells us that 

conserving biodiversity will require protection of i) representative examples of 

typical and unique natural regions and ecosystem types, ii) hotspots of diversity, 

rarity and occurrences of species at risk, and iii) sufficient habitat to support 

viable populations of wide ranging and large-area-requiring species, within well-

buffered and connected ecological networks of core areas and corridors, situated 

within sustainably managed landscapes and seascapes (Soule and Terborgh 1999; 

Margules and Pressey 2000; Hilty et al. 2020; Woodley et al. 2019; Baillie & 

Zhang 2018; Edgar et al. 2014; Watson et al. 2018). These networks should also 

be i) large enough to support these values while also accommodating natural and 

anthropogenic disturbances (including climate change) and ii) effectively 

managed so as to minimize threats. Not all of these areas need to be designated as 

strictly managed protected areas. However, areas where multiple biodiversity 

values overlap may be difficult to manage for compatible uses and require 

significant limitations on human use. As pressures on lands and seas increase, 
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systematically designed networks of varying zones of conservation and protection 

are warranted to prioritize conservation efforts on those areas where biodiversity 

conservation will be most effectively served. These will likely entail significant 

focus on remaining areas of intact ecological communities, critical areas for 

recovery, climate resilient and climate-induced sites, and ecological connectivity.  

19. Shifting networks of medium term protection. Though protected areas and 

OECMs must be permanent to count towards the goal of 25% protected area, 

medium term protection (50-200 years) will be very valuable in establishing 

networks of connected protected areas 

(http://stephenmccanny.com/2016/08/20/nature-needs-40-72/). Conduct 

research in support of policy development that would provide greater certainty 

that such protection would be effective.  One particular threat is the possibility of 

a large scale land conversion of medium term protected corridors and sites 

because of a change in commodity prices. A capital gains tax linked to medium 

term ecological liens on land tenure could be used to both incentivize connectivity 

across landscapes and discourage the disruption of connectivity by rapid sell offs. 

By removing the requirement for ecological liens to be permanent, the prospect of 

supporting nature becomes less risk-averse. Similarly, the tax or regulation would 

make sure that sufficient corridors are left in place to preserve some ecological 

function. 

20. How do we better consider freshwater when planning terrestrial protected areas?  

Unlike in the marine realm where MPAs are common and purpose built, most 

freshwater protection is inadvertent... arising from use of terrestrial protected 

areas. That means that freshwaters are rarely used to frame how PAs are 

developed. Catchments are logical units to consider in protected area design but 

that rarely happens... usually it is terrestrial features and issues that dictate 

boundaries. (Linke et al. 2011; Hermoso et al. 2011). 

21. Examining mobile or seasonal conservation areas. We don’t currently have these 

types of areas because of their management difficulties and the issues we would 

have including them in conservation targets. However, these types of sites may be 

really useful in the future for migratory species, species at risk, or as climate 

refugia.  

22. How are cumulative impacts being included in the evaluation of new protected 

areas and conservation planning writ large in Canada? Especially relevant when 

considering impacts on cultural and social values as well as ecological values that 

will be impacted negatively through climate change. This is directly tied into the 

study of applied conservation but is also connected to protected areas planning 

(and the understanding of resiliency of OECMs and also areas impacted by 
climate change). 
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5.8 Protected areas management  

1. Funding/Economics: Privatization of Protected Areas: In some areas there is a 

move towards privatization of protected areas (e.g., Alberta Provincial Parks). 

What are the costs, benefits, issues, challenges, and opportunities associated with 

privatization of protected areas? Is this a viable model to accomplish the various 

goals of protected areas? What are the risks/rewards for scaling up or expanding 

privatization and other economic models to finance parks? Funding for Parks: 

Canada has set ambitious targets for conservation over the next few years, and 

funding has been available to help finance the establishment of protected areas, 

particularly Indigenous Protected Conserved Areas (IPCAs), and there are several 

public/private partnership funding models being considered to expand funding 

for establishment. However, in many areas longer-term funding to ensure the 

planning, implementation, management, and monitoring of protected areas has 

not been identified, which could ultimately impact the permanence and overall 

success of these IPCAs being established. Can we provide an assessment of 

potential economic models that would financially support not only the 

establishment of protected areas, but also the planning, implementation, 

management, and monitoring components (longer term funding) of new 

protected areas?  

2. How can we manage protected areas for migratory wildlife considering factors 

through the full annual cycle? Management of migratory wildlife populations in 

protected areas during part of the annual cycle may not be effective if drivers of 

declines occur outside of those protected areas during other parts of the annual 

cycle. For instance, maintaining sufficient breeding habitat for avian species at 

risk in parks, may not halt population declines if migratory stopover or wintering 

sites continue to be degraded. Full-life cycle analysis is needed for bird species in 

parks to understand the role of habitat management during the breeding season 

in Canada vs. factors during the rest of the year. For example, a study of Canada 

Warblers across the breeding range in North America showed that breeding 

productivity did not decline but declining recruitment and annual survival linked 

to a higher human footprint on the winter range suggested limitation during the 

winter as the likely driver of population declines (Wilson et al. 2018). However, 

demographic information needed to determine the relative threats throughout the 

annual cycle is often limited. Birds provide important ecosystem services in 

protected areas including roles as predators, pollinators, scavengers, seed 

dispersers, seed predators, and ecosystem engineers (Whelan et al. 2008). When 

on-going population declines are driven by factors outside of the protected area, 

the region or the country, management to retain those services becomes difficult.  

3. The approaches used to save the endangered remaining woodland- and mountain 

caribou herds in the southern extent of their current range need a change in 

general approach. While habitat degeneration is clearly the ultimate reason for 

the demise of these last herds, law (SARA) forces provincial and federal 



84 
 

governments to react. The way this is approached is very counterproductive and 

dangerous for the ecosystem. In the specific case of these caribou herds the 

society has to be honest: either decide to immediately stop any further habitat 

destruction (roads, cutlines, oil and gas explorations, lumber harvests etc.) and 

regenerate the lost habitat while saving some animals that can eventually be 

reintroduced into the wild, or be honest and say we messed this up and can't 

reverse it RIP. What currently is done with killing of wolves, moose and fencing 

herds in during calving may extend the loss of the last one for a few years, but the 

impact it has in the overall ecosystem is extremely destructive.  

4. The biodiversity of the soil is little known and cryptic, because it is hidden in the 

different layers of the soil, ranging from litter to the bedrock. What current forest 

or grassland management tools are in place for adapting to or mitigating the 

effects of climate change (e.g., increase in frequency and severity of natural 

disturbance) in protected areas? What new tools are needed for protected areas? 

What impact will these tools have on all ecosystem services (e.g., effects of salvage 

harvesting on biodiversity, water quality, soil quality)? Existing knowledge shows 

that soil biodiversity has important ecological functions, such as pedogenesis, soil 

structuring, hydraulic regulation in the soil, the supply and (re-)circulation of 

nutrients, the suppression of pathogens, predation and pests, at different scales: 

(i) macrofauna, mainly earthworms (Blouin et al. 2013), but also gastropods, 

myriapods and isopods (Wolters and Ekschmitt 1997, Jordan & Black 2012) and 

arthropods (Symondson et al. 2002), (ii) mesofauna, springtails and mites 

(Lavelle et al. 2006; Filser 2002) and nematodes (Bongers 1990), and (iii) 

microfauna, bacteria (Nannipieri et al. 2003, Wagg et al. 2014) and fungi 

(Zavarzina et al. 2011, Rashid et al. 2016, Jonas et al. 2007). These functions are 

often translated into ecosystem services (MAE 2005), such as primary 

production, climate regulation, pollution mitigation, pest control and cultural 

services. Ibanez et al. (2008) advocated the preservation of undisturbed, natural 

soils as a benchmark for undisturbed soil functions and as a reservoir of soil biota 

threatened and pushed to the brink of extinction by urbanizations, mineral 

extractions, and agriculture. The authors stated that "undisturbed soils deserve 

the same interest in conservation as that of any other natural resource". Research 

in Canada's protected areas should address the state of soils and its biodiversity, 

threats to soil biodiversity (sealing, erosion, landslides, acidification, pollution 

etc.) and its impact on above-ground ecosystems. 

5. Maintaining and restoring ecological integrity is the primary goal of Canada's 

national parks and several other protected area systems. In the face of 

accelerating climate change, more thinking is needed to assess how we manage 

for ecological integrity in the context of rapid ecological change. For example, 

what state are we managing towards? What scale do we need to think about to 

manage protected areas for ecological integrity in the face of rapid change, and 

how do we do this? How do we integrate the concept of ecosystem resilience into 
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the concept of managing for ecological integrity? How can we re-assess our 

priorities to account for the projected changes driven by climate change? "What 

are our priorities right now?" and "What priorities actually make sense?" For 

species stressed by shifting ecozones, how do we decide which species to "save" 

and which to "let go"? What if a certain species is currently considered a high 

priority for a park, but climate conditions are expected to be inhospitable? If we 

let the species "go", we risk allowing the condition of ecosystem indicators to 

decline irreversibly. Should we re-define what we think of as ecological integrity, 

and perhaps focus on ecosystem function or services, even if a departure from 

historic conditions?  

6. Relationship between structural and functional connectivity. The need for 

ecological connectivity between protected areas is now clear. Global guidance for 

ecological connectivity has recently been released by IUCN World Commission on 

Protected Areas. Yet to date, much of the focus of modelling and planning has 

been on structural connectivity. There is a need for more research on the linkages 

between structural and functional connectivity. In other words, what are the key 

factors that determine how well structural connections work in maintaining 

functional connections. 

7. While not an "emerging" issue per se, there is an on-going major challenge in 

Canada that limits how effectively protected areas can deliver on their potential to 

deliver ecological outcomes, and to act as benchmarks for assessing ecological 

change on the broader landscape: baseline information and monitoring! For 

starters, there needs to be a stronger focus and investment in ensuring the 

necessary baseline information is available to track and understand change. In 

the face of climate change this becomes all the more important. Perhaps this 

could be framed as two questions: 1) What are the barriers to developing effective 

inventory and monitoring systems in protected areas and how can they be 

overcome? 2) What policy approaches are most effective to integrate protected 

areas systems into broader environmental monitoring programs as benchmarks 

of ecological change. 

8. Is protected area monitoring properly tuned to rapid change? Environmental 

change is progressing at an unprecedented pace. Do Canadian protected areas 

have appropriate monitoring systems in place to keep up? The current monitoring 

programs were designed for slower rates of environmental change and lower 

volatility in ecosystems. Monitoring data is used to check the pulse of ecosystems, 

providing an early-warning of ecosystem health problems. To be effective, 

monitoring must be sufficiently sensitive and at an appropriate scale to enable a 

timely and focused response, to mitigate problems that could otherwise escalate. 

The COVID-19 pandemic resulted in the dramatic reduction in human mobility 

and activity. This hiatus underlined gaps and vulnerabilities in monitoring 

capacity across Canadian protected areas. The identified shortcomings will 

become especially consequential over the next 5 to 10 years in the face of rapid 
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global change (Likens and Lindenmayer 2018). Existing deficiencies in Canadian 

protected area monitoring include: Little capacity for automated monitoring, 

Outdated approaches to data management, Limited leveraging of citizen science 

(Budd et al., 2020), Challenges with measurement perception such that 

ecosystem change and bona fide threats fly under the radar (eg., Hemlock Wooly 

Adelgid), Parochial sampling biases that neglect socio-ecological contexts and 

underlying drivers of so-called “natural resource” problems (eg., human-wolf 

conflict), Poor matching of internal and external data that could otherwise reveal 

cross-scale interactions and opportunities for multi-jurisdictional cooperation, 

Absence of objective external review of program design, output data, and 

management implications 

9. How can we make smaller protected areas more functional for maintaining 

ecological integrity (i.e., buffer zone mgt, transboundary cooperation)? 

10. What are appropriate ways of intervening in novel ecosystems (difference in 

composition and function; self-maintaining; practically unrestorable) in protected 

areas? Is there an optimal stage for intervening in an ecosystem with increasing 

ecological novelty? (Hobbs et al. 2014; Heger et al. 2019). 

11. Warming oceans and melting ice have allowed increased industrial access that 

could pose risks to the fragile ecosystem. Climate change has also begun to force 

certain fish species to move north in search of colder water, and these migrations 

could displace established Arctic species, disrupting already stressed food webs. 

Ecosystem-based plans are a new tool to manage frontier Arctic fisheries and 

protect their natural bounty for future generations. These plans place fisheries 

within the much broader context of the surrounding ecosystem, take into account 

industrial and human pressures on habitat and seek to ensure that fisheries do 

not unduly disrupt those systems. This approach does not ignore or reject 

commercial activities but assigns priority to sustainable employment for northern 

communities with the following ecological safeguards. 

12. How may the cultural norms and approaches typically used by protected and 

conserved area managers be shifted to more effectively align with conservation 

science, especially regarding large-scale and cross/trans-boundary biodiversity 

and ecosystem components and processes, including climate-related changes? 

13. How may ecological integrity be more effectively interpreted by protected area 

and conservation managers to recognize and accommodate on-going processes of 

change, including climate changes? 

14. What are the comparative advantages of active restoration, rewilding (i.e., 

typically single species introductions with relatively light management), and 

natural regeneration? How far should restoration go, for example, in addressing 

the effects of unprecedented and system-resetting wildfires? The paradigm of 

classical ecological restoration--assisting the recovery of an ecosystem that is 

degraded, damaged, or destroyed--that depends on historical references may 
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need to be opened to alternate models. (Corlett 2016; Bakker and Svenning 2018; 

Higgs et al. 2018) 

15. How can disturbed and partially disturbed lands be fully rehabilitated for the 

purposes of park-specific ecosystem services? 

16. Changing agricultural landscapes to support more biodiversity. The prairie 

grasslands have been called the most threatened ecosystem in Canada (Kraus 

2018) Trends in agricultural practices including larger machinery, larger fields, 

removal of hedgerows and buffers, reliance on chemical fertilizers and pesticides, 

and lack of local control of supply chains threatens biodiversity within Canada’s 

actual and potential agriculturally dominated landscapes and bioregions. These 

stressors are exacerbated by the effects of climate change and political decisions 

such as ending the Prairie Farm Rehabilitation Administration (PFRA). To 

stabilize biodiversity loss and restore threatened populations of wildlife requires 

restoring the integrity of the grassland and prairie ecosystem. A bold and 

aggressive strategy to achieve this goal is needed or we will lose many species 

forever. This approach should include direct partnership for grasslands 

conservation with First Nations and private stewards such as Ranchers; 

expanding support for “priority places” approach as opposed to species by species 

and assuring that there is integrity within the bioregion through connectivity 

between protected areas, promotion of biodiversity-friendly practices such as 

bird-friendly ranching and organic farming. 

17. Making Canadian cities bio-friendly. Urbanization has devastated biodiversity 

throughout the world. As urban centres expand, they cause extirpation of 

sensitive species and result in ecosystem replacement from biologically rich 

systems to biologically poor systems in which ecosystem functions are often 

compromised. In Canada, a very large country with a relatively small population, 

urbanization’s impact on biodiversity in Canada has been limited to the extreme 

southern parts of the country. However, this is also where species diversity is 

highest and the impact of urbanization is therefore most acute. Many of Canada’s 

migratory species that breed in central or northern Canada, migrate through the 

gauntlet of urban landscapes, facing threats from roads, buildings, pets and 

pollution along the way. To protect Canada’s biodiversity, our urban landscapes 

must be better for biodiversity. As municipal policy is governed by provinces, 

there needs to be strong engagement with municipal and provincial governments 

to ensure actions that support restoration of biodiversity. Municipal initiatives 

such as nature-based solutions to climate change, large-scale tree planting and 

transportation policy must incorporate biodiversity considerations such as 

connectivity of natural systems, expansion of the urban forests and restoration of 

hydrological features. This process must be inclusive and incorporate Indigenous 

knowledge. 

18. Gap analysis of genetically-appropriate native seed supply. The ability of 

protected area managers to respond effectively to rehabilitation and restoration 
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needs is highly dependent on the reliable availability of genetically appropriate 

native seed. Yet, at the outset of the IUCN Decade for Ecological Restoration 

(2021-2030), there is a critical global shortage of native plant materials to 

adequately undertake the large-scale restoration needed for climate change 

mitigation and biodiversity restoration worldwide. In most Canadian ecosystems, 

there is a critical shortage of readily available, genetically appropriate native seed. 

This supply shortage is felt most acutely by protected area land managers, with a 

mandate to protect ecological integrity by rehabilitating and restoring with native 

seed. For example, there is currently no genetically appropriate native seed 

available east of Ontario, or in Canada’s north.  A gap analysis is urgently needed 

to understand the extent of this shortage on an ecoregional basis. Key questions 

include: What is the current ecoregional coverage of the supply of native seed in 

the Canadian market? What is the production quantity of this seed supply? What 

is the current existing need of Canadian protected areas of native seed by 

ecoregion? Where are gaps most acute? Understanding the answers to these 

questions is an urgently needed first step in improving the overall capacity of 

protected area scientists to meet their needs for both rehabilitation and 

restoration with genetically appropriate native plant materials, and allow 

Canadian protected areas to participate in natural solutions for the linked crises 

of climate change and biodiversity loss. This gap analysis could be modelled after 

a similar objective in the US National Seed Strategy for Rehabilitation and 

Restoration 2015-2020 (Plant Conservation Alliance 2015). (Menz et al. 2013). 

19. Seed sourcing in a rapidly changing climate. Closely intertwined with the above 

question is how to source native seed in Canadian protected areas in the face of a 

rapidly shifting climate. Given that the speed of climate change is especially rapid 

in northern regions, how can Canadian Parks and protected areas ensure that 

seed provenance and species selection are adequately adapted to both present and 

future conditions? For the past three decades, most restoration and rehabilitation 

policies in Canadian protected areas have asserted an assumption that -local is 

best. Geographic or ecoregional limitations are placed (often idealistically due to 

seed shortages described above) on seed sourcing guidelines. However, most 

guidance at least implicitly assumes that the environment, including the climate, 

is stable, when in fact we know that this is not the case (IPCC, Havens et al. 2015). 

How can rehabilitation and restoration programs in Canadian protected areas 

incorporate greater genetic diversity by incorporating predictive or composite 

provenance mixes, to maximize adaptive potential in the face of predicted climate 

shifts? This is an emerging and under-addressed issue globally, and one where 

Canadian research has the potential to contribute given a potentially compressed 

timeframe.  

20. Policy and economic barriers to Canadian native seed supply. The development of 

native seed markets to support Canadian protected areas is embedded in both 

policy and economic contexts. A policy scan and analysis are also needed to 
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identify those policies (both internal and external to Canadian protected areas) 

that support the use of native seed and those that present significant barriers. For 

example, lowest-cost procurement models combined with inexpensive but 

genetically inappropriate seed from much larger US markets present challenges 

for many public agencies. Identifying existing policies and their strengths and 

weaknesses in supporting both short-term goals (e.g., procurement) and long-

term goals (e.g. successful multi-year restoration, native seed market 

development) is another critical early step in ensuring that protected areas have 

access to genetically appropriate native plant supplies for use in restoration and 

reclamation. Ultimately, recommendations could promote availability and 

integration of genetically-appropriate materials at lower cost. A collaborative 

approach to this analysis is important, to ensure that resulting federal, provincial 

and territorial policies are mutually compatible and mutually supportive. 

(Richards et al. 1998; White et al. 2018). 

21. The Fort McMurray wildfires of 2016 destroyed large areas of the Clearwater 

River corridor and the recreational/campsites facilities. Alberta Parks, because of 

budget cuts, were advised no additional funding was available to redevelop the 5 

campsites. River users have made some improvements but the McMurray Metis 

Local 1935 seen a problem exists and through their own summer student 

program, completely funded by the Metis Local have turned these campsites into 

safe, user friendly sites. The clean up of a site would often require an overnight 

trip. The students were able to experience a wilderness adventure while 

refurbishing the campsite.   

22. What are appropriate ways of intervening in novel ecosystems (difference in 

composition and function; self-maintaining; practically unrestorable) in protected 

areas? Is there an optimal stage for intervening in an ecosystem with increasing 

ecological novelty? Novel ecosystems emerged as a concept in the mid-2000s in 

response to growing evidence that historically unprecedented species 

combinations and ecosystem processes frustrated or prevented ecological 

restoration. The model advanced in the first comprehensive synthesis (Hobbs et 

al. 2013) of novel ecosystems proposed three state conditions for ecosystems—

historical, hybrid, and novel—with a threshold separating hybrid (ecosystems 

with an admixture of historical and novel elements) and novel ecosystems (Hobbs 

et al. 2014). Since then, the model has been refined for novel ecosystems and 

expanded to a general formulation of ecological novelty, which embeds both 

organism and site-specific types of novelty. This emerging approach to ecological 

novelty links ecological and evolutionary dynamics of ecosystems (Heger et al. 

2019). The implications for ecological restoration are considerable, not the least 

because tidy models of historical continuity and reference are thrown into 

disarray. While historical references continue to inform restoration, it is less clear 

what drives (and should drive) restoration (and conservation) goals (Higgs 2017).  
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23. Long-term monitoring of non-vertebrate species. There are no long-term 

monitoring studies in Canada for anything other than some forest and 

agricultural pests. Many of our apparently threatened invertebrates are data 

deficient. Parks should be a leader in providing such data.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

24. Development of methods that are operationally realistic (cost, size, uncertainties 

re access due to weather etc. to collect field data, specialized skills required, issues 

with transport of samples etc.) to conduct long term monitoring in Arctic marine 

ecosystems. 

25. Development of methods that are operationally realistic (cost, size, uncertainties 

re access due to weather etc. to collect field data, specialized skills required) to 

conduct/improve long term monitoring of glaciers, in particular in parks in the 

Arctic. 

26. Development of methods that are operationally realistic (cost, size, uncertainties 

re access due to weather etc. to collect field data, specialized skills required) to 

conduct/improve long term monitoring of permafrost/active layer in parks in the 
Arctic. 

27. Arctic marine and terrestrial ecosystems are witnessing unprecedented and rapid 

changes under a rapidly changing climate. While recent efforts have been 

deployed to protect some of these most fragile and unique ecosystems (Vincent 

and Mueller 2020), their extreme remoteness and harsh climate render them 

extremely difficult to access and monitor. Extreme cold winter temperatures, 

polar night and lack of any existing infrastructure currently prevents us from 

maintaining appropriate year-round monitoring stations or observatories. The 

recent pandemic situation that prevented human access to the few automated 

stations deployed in High Arctic protected areas highlighted our need for more 

autonomous monitoring equipment and infrastructure. Ecosystem monitoring is 

fundamental to our understanding of how ecosystem change is impacting our 

natural resources and ecosystem services and is vital for developing evidence‐

based policy and management. Recent advances in satellite remote sensing, 

unmanned aerial vehicles (UAV or drones) or automated underwater vehicles 

(AUV) are opening exciting new possibilities, but field deployed sensing and 

monitoring technologies are lagging behind with the deployment of existing, often 

outdated, off the shelf instruments and sensors. How can we encourage a stronger 

collaboration and converge of expertise between technology developers 

(engineering, optical sensors, miniaturization, electronics) and users (field 

ecologists, biologists) to develop and deploy novel, low-energy, portable, 

autonomous, long-term and precise sensing and monitoring technologies 

allowing ecosystem monitoring at all scales, from microbes to glaciers, in our 
most fragile marine and terrestrial protected areas.  
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5.9 Pathogens, diseases and invasive species  

1. How do introduced species affect water quality and water properties, and how do 

those changes affect community ecology?  (e.g., zebra mussels and how they affect 

turbidity). 

2. How should we deal with invasive plants: fight or accept?  What criteria should be 

used to decide?   

3. Invasive species management is a very important management activity. One 

strategy to regularly scan the horizon and linking actions with lessons learned 

about invasive species management would be helpful. We do this for a few 

species, but it's not always coordinated and some of them like Wild Pigs, Asian 

Carp, Spotted Lanterfly could significantly impact multiple sites across Canada. 

4. Can existing detection and management strategies reduce the spread and impact 

of invasive plants. Species like Vincetoxicum rossicum, Rhamnus cathartica, 

Phragmites will continue to spread into protected areas, threatening native 

biodiversity and ecosystem function.   

5. What are the possible consequences of diseases and parasites introduced by pets, 

pack animals, livestock (just outside some parks) and people? With increasing 

international trade, diseases and parasites are being moved around the world at 

an increasing pace. Examples in Canada include pneumonia transmitted to wild 

sheep by domestic livestock (mostly sheep and goats), tuberculosis, brucellosis, 

anthrax, hoof-and-mouth disease transmitted from domestic to wild ungulates, 

and parasites such as Parelaphostrongylus tenuis (meningeal worm) that can be 

carried around by deer and elk in game farms. The increasing outbreaks of 

chronic wasting disease in deer can often be traced to game farms. Whirling 

disease, sea lice and other fish parasites can propagate through aquaculture and 

affect wild fish. Canine distemper can affect wild carnivores and seals, and has 

caused large seal die-offs in the North Sea in Europe. Domestic bees carry disease 

and parasites that can affect wild bees. Yet, many governments are subsidizing 

these activities, there is increasing pressure to allow dogs in protected areas, and 

alternatively, pack animals such as goats and llamas are increasing in popularity. 

What are the disease/parasite threats posed by these animals to protected areas? 

(Besser et al. 2017).  

6. Can the degradation of Canada's ecosystems have an impact on future zoonotic 

diseases, as it is slated to have on the global scale? Over the past few years, but 

particularly over the past year, many articles have pointed out that most 

pandemics are a result of human/animal interactions that only occur because of 

overexploitation and/or degradation of natural ecosystems. Most of these 

diseases originate in the tropics. However, the role of ecosystem degradation in 

northern countries, like Canada, in future pandemics has not really been 

explored. Austin 2021). Degradation and disease: Ecologically unequal exchanges 

cultivate emerging pandemics. (Schmeller et al. 2020). 
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7. Invasive species spread and disease spread in protected areas. 

8. Wild Pigs increasing in number and range across several provinces (SK, MB, ON, 

AB, BC). Wild pigs are present in increasing numbers and distribution across 

several provinces. Introduced in the 1980s and 1990s in Canada, they are a 

combination of Eurasian wild boar (Sus scrofa scrofa), domesticated feral pigs (S. 

s. domesticus) and hybrids of the two. They are listed as one of the 100 worst 

invasive species globally by the IUCN 

(http://www.iucngisd.org/gisd/100_worst.php). Their range has increased 

exponentially in Canada over the last 27 years; they now cover 777,783 km2 

(Aschim and Brook 2019). Their detection on wildlife cameras or transect flights 

is not straightforward as they are very cryptic; their presence may then be 

underestimated and the ability to track the efficacy of any control or eradication 

programs is challenging (Dr. Ryan Brook, 

https://www.manitobacooperator.ca/news-opinion/news/local/pigs-on-the-

loose-a-pending-threat-in-manitoba/). They have been aptly compared to 400 lb 

rats (https://gimletmedia.com/shows/reply-all/n8hw3d) due to their high 

fecundity, early sexual maturity, flexible diet, long life and adaptive intelligence 

(Aschim and Brook, 2019). They have significant ecological impacts as they 

trample, root, eat anything from white-tailed deer to roots of native plants and 

have been linked to substantial degradation of natural ecosystems. Wild pigs also 

have a significant risk to pork producers with the potential for diseases such as 

African swine fever to be transmitted between wild and domesticated populations  

9. Can management actions limit the spread of invasive fish into different 

watersheds, especially Asian carp. These fish can greatly alter freshwater systems 

with massive declines in species diversity. 

5.10 Various topics 

1. Human health and economic benefit is tied to ecosystem health, but this tie is 

neither understood nor broadly recognised. (do Val Simardi Berald Souza et al. 

2017). 

2. Impact of protected areas on human health. 

3. It would be very helpful to see an updated assessment of the economic impact of 

Canada's protected areas and parks. This would ideally involve similar 

methodology as the report released by the Canadian Parks Council, The Economic 

Impact of Canada's National, Provincial & Territorial Parks in 2009, to allow for 

comparisons. This information has been crucial in advocating for the benefits of 

parks and protected areas to politicians at all levels of government, as land use 

trade-offs and cost-benefit assessments often rely on economic data, which is 

much more accessible for other land use activities such as industrial or 

commercial uses. Capturing direct, indirect and induced economic impacts of 

parks and protected areas gives a much clearer picture of the economic benefits 
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that these spaces provide. We've also seen many newly established protected 

areas in Canada since then, and hope to see more with the Federal government's 

commitment to 25% protection by 2025. It would be a useful study to express the 

value of the sometimes more nuanced benefits society derives from these 

protected spaces, and provide a way to advocate for their economic benefits which 

is an unfortunate reality for many parks management organizations. Without firm 

economic data, existing parks are at risk of being shed by governments during 

economic downturns who might view them as purely additional costs for 

government, or might be resistant to establishing new protected areas because of 

the perception that creating and managing a park provides minimal economic 

benefit. (Canadian Parks Council 2011). 

4. In recent times the influence of scientific fact, and truth in general on decision 

making appears to have demised. How did this happen, and how can Scientific 

fact, and truth in general, be reinstated as drivers for decision making? 

5. Knowledge Sharing and Transfer: Community and user informed conservation: 

How can communities and protected-areas users be better integrated as part of 

the development and continued management of protected areas, including the 

use of citizen science? What citizen science activities have been implemented in 

protected areas in the past, and can they be used to better integrate communities? 

Adaptive management assessment/lessons learned: How has adaptive 

management been working? Is this concept working? Can we provide an 

assessment that evaluates parks with 5-year adaptive management plans and 

assess if conservation areas are being managed, monitored, and potentially 

modified with the changing environmental, cultural, and economic situations? 

6. What can we do better to promote diversity and inclusion in the Resource 

Conservation field? 

7. With limited budgets for species at risk and conservation, Parks could explore the 

use of structured decision-making and value of information to come up with 

meaningful and practical conservation plans. Example reference: Bennett et al 

2018: “When to monitor and when to act: Value of information theory for 

multiple management units and limited budgets. 

8. How can the role of the general public and park visitors be engaged in supporting 

ecosystems services through citizen science, park interpretation, volunteering, 

and more? 

9. Declaration of Environmental Personhood Internationally and within Canada as 

an emerging legal and ecological issue. The approach of granting legal 

personhood to parks, rivers and the environment of entire countries has been 

successfully applied in Brazil, Ecuador, New Zealand and currently the ‘Rights of 

Nature’ proposition is before the IUCN (Gordon, 2018). Canada is well poised 

with current governance and its role on the IUCN to also enter into a declaration 

of environmental personhood. This will be an emerging legal and ecological issue 
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if adopted as the rights of the land will interact with the current legislation and 

will impact how First Nations and the federal government manage lands. In 

addition, the declaration of nature’s personhood lends itself to community 

conservation that is less boundaried than current protected areas (Studley and 

Bleisch, 2018) which links strongly to the Nature Legacy pillar of landscape scale 

conservation. In New Zealand, the implications of designating personhood to the 

Whanganui river facilitated the formation of the Te Pou Toupa; two persons who 

represent the interest of the river at meetings and in management. It allowed the 

uniting of different worldviews in management of a natural resource.  

10. How may the conservation community influence and motivate the transformative, 

systemic changes necessary to stemming precipitous declines in biodiversity, such 

as described in the IPBES (2019)? Negative trends in biodiversity and ecosystem 

services are projected to continue beyond 2050. Unless transformative changes 

are made, biodiversity goals will not be achieved. Transformative changes are 

required in “the production and consumption of energy, food, feed, fibre and 

water, sustainable use, equitable sharing of the benefits arising from use and 

nature-friendly climate adaptation and mitigation” (IPBES 2019, 15). Urgent and 

concerted efforts include “rapid and improved deployment of existing policy 

instruments and new initiatives that more effectively enlist individual and 

collective action for transformative change” (IPBES 2019, 16). Current structures 

represent drivers of biodiversity loss, and fundamental change will be opposed by 

those with vested interests in the status quo. If obstacles are overcome, a 

commitment to mutual goals and targets, supporting actions by Indigenous 

peoples and local communities, new frameworks for investment and innovation, 

inclusive and adaptive governance approaches and arrangements, multi-sectoral 

planning, and strategic policy mixes can help transform sectors (IPBES 2019). 

Interventions tackling underlying drivers include: (1) incentives and capacity-

building; (2) cross-sectoral cooperation; (3) pre-emptive action; (4) decision-

making in the context of resilience and uncertainty; and (5) environmental law 

and implementation (IPBES 2019). Key leverage points are: (1) visions of a good 

life; (2) consumption and waste; (3) values and action; (4) inequalities (5) justice 

and inclusion in conservation; (6) externalities; (7) technology, innovation and 

investment; and (8) education and knowledge (IPBES 2019). IPBES (2019): 

Summary for policymakers of the global assessment report on biodiversity and 

ecosystem services of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services.  

11. The park system in Canada is inadequate for protection of species, biodiversity 

and ecosystem stability. The accelerating decline and loss cannot be countered 

just by changing policies such as hunting, trapping, hiking ATV use etc. or by 

increasing or adding to the size of partially protected areas, although this would 

help. It is increasingly clear that there is a need for a network of a different form 

of parks that are used exclusively for protection (means no harvests, no golf 
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courses, no hiking, no cattle grazing etc.) and research. The trend, unfortunately, 

is going exactly in the opposite direction: in Alberta many parks are due to be 

closed, where new ones are established with the main purpose to promote hiking, 

fishing, ATV use, hunting etc. On the other hand, old established field research 

stations are devalued and destroyed with federal government money in 

collaboration with University- and Parks- administrators. Even so I am mainly 

involved with basic research about ecosystem function, it seems that politics is 

seeing science as an enemy mainly of industry which is strongly influencing 

Universities more and more relying on industry money due to declining support 

from public money.  

12. Which biodiversity and/or ecosystem components are not likely to be adequately 

protected or conserved through circular economy strategies? The circular 

economy has emerged as an alternative model to a traditional linear economy. It 

aims to tackle the resource exploitation that accompanies a linear economy and 

decouple economic growth from reliance on primary resources. In the face of 

global environmental degradation and an urgent need for change, the concept has 

become popular around the world and has led to the release of national policies 

and strategies on the circular economy (Desing et al. 2020; Gregson et al. 2015; 

Korhonen et al. 2018; Sauvé et al. 2016; Geng et al. 2019). Problematically, 

circular economy fails to address precipitous biodiversity decline. Biodiversity 

protection is rarely mentioned in circular economy theory and policy (Buchmann-

Duck and Beazley 2020). The circular economy advocates for biomimicry, 

ecosystem service valuation, bioeconomy, and renewable energy. Each of these 

has its own set of conflicts with biodiversity protection (Buchmann-Duck and 

Beazley 2020). Particularly threatened are populations of organisms that require 

large, undisturbed areas where natural patterns and processes can occur freely 

(Estes et al. 2011; Laliberte and Ripple 2004; Ripple et al. 2014). Without a clear 

understanding of the circular economy's limitations, there is a risk that political 

and scientific attention will be diverted from important intersectional, 

complementary and parallel policies and practices, with catastrophic 

consequences for addressing precipitous biodiversity declines (Cimon-Morin et 

al., 2013; IPBES, 2019; Kusmanoff et al., 2017; Buchmann-Duck and Beazley 

2020). Further research on the interaction between biodiversity and the circular 

economy is needed so that intersectional and complementary policies which aim 

to protect biodiversity may be best targeted. 

13. Numbers of invertebrate species outnumber vertebrates by several orders of 

magnitude in Canada, but protection is still primarily for vertebrates (despite 

strong evidence that vertebrates are not sufficient as umbrella species). More 

emphasis needs to be placed on invertebrates (and other non-vertebrate species), 

and conservation needs of these species. 

 


