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Abstract  
 

Climate is a major catalyst of change in the composition, structure and function of the 

Ecosphere.  Empirical studies of species response to climate consistently reveal that the anomalous 

warming occurring over roughly the past half-century is having a discernible impact on 

contemporary biodiversity.  Climate change has also been implicated in several species extinctions, a 

phenomenon projected to be exacerbated in the future.  

These studies and events indicate that the implications of climate change for biodiversity 

conservation are considerable.  Biodiversity conservation is one of the major modern rationales 

behind formal protected natural areas establishment, planning and management.  However, most 

protected natural areas have been designed to protect in perpetuity specific natural features, species 

and communities in-situ, and donõt take into account shifts in ecosystem composition, structure and 

function that are being induced by climatic change.  The ecological manifestations of climate change 

will be such that the established species management objectives of some protected natural areas will 

no longer be viable.  Consequently, protected natural areas agencies will need to be adaptive in order 

to be able to respond to climate change-induced impacts and improve their ability to deliver their 

various protected natural area- and biodiversity-related mandates, such as the perpetual protection of 

representative elements of natural heritage.  

The principal goal of this dissertation was to begin the process of climate change adaptation 

(mainstreaming) within the Canadian protected natural areas community, thereby facilitating the 

ability of jurisdictions, agencies and organizations to adapt to climate change-related impacts and 

implement adaptation decisions.  To realize this goal, four objectives were formulated: i) to 

synthesize the state of knowledge on climate change, biodiversity and protected natural areas policy, 

planning and management; ii) to establish the state of climate change adaptation with respect to Canadian 

protected natural areas agencies; iii) to assess the current position, priorities, and challenges of, and barriers 

to, Canadian protected natural areas agencies with respect to climate change adaptation; and iv) to 

develop a climate change adaptation portfolio and evaluate the suitability of the portfolio for 

implementation by a Canadian protected natural areas agency, Ontario Parks.  

The research revealed that while mainstreaming climate change into protected natural areas 

policy, planning and management will be essential for the persistence of biodiversity and the 

continued viability of current planning and management practices under a changing climate, there is 

a clear disconnect between the perceived salience of climate change and a lack of available resources 
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(e.g., financial resources and staffing) and scientific capacity required to respond to the issue.  

Moreover, the limited protected natural areas climate change literature to-date provides little 

guidance to the planners and managers of already established protected natural areas.  Accordingly, 

there is an indicated need to assist Canadian protected natural areas agencies in the identification and 

evaluation of adaptation options as a strategic starting point in working towards mainstreaming 

climate change into relevant program areas.   

In response to this indicated need, a policy Delphi survey method was used to facilitate the 

identification and evaluation of adaptation options tailored specifically to Ontario Parks.  A panel of 

protected natural areas experts identified 165 adaptation options within Ontario Parksõ six major 

program areas [(i) Policy, System Planning & Legislation; (ii) Management Direction; (iii) Operations 

& Development; (iv) Research, Monitoring & Reporting; (v) Corporate Culture & Function; and (vi) 

Education, Interpretation & Outreach) in the first iteration of the policy Delphi.  Adaptation 

options were subsequently evaluated individually for their perceived level of desirability, feasibility 

and implementation time-frame by the panel via a second iteration of the policy Delphi.  In so 

doing, the research evaluated the relative merit (or practicality) of alternative adaptation options in 

these program areas in order to help identify priority (or ôfirst-orderõ) adaptations for consideration 

in an official climate change adaptation strategy by Ontario Parks.  

The research provides a solid conceptual and methodological framework with important 

practical ôlessons learnedõ that will help Canadian protected natural areas jurisdictions understand, 

address and begin mainstreaming climate change into policy, planning and management decision-

making.  Collectively, the research includes the first practical discussion of adaptation to climate 

change within the institutional framework of any Canadian protected natural areas jurisdiction, 

representing a significant contribution to the protected natural areas planning literature at the 

science-policy interface.   
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1.1 Problem Statement  
 

The last two decades have witnessed the greatest global expansion in formal protected 

natural areas1 compared to any other in the era of human history.  Area set aside for conservation 

more than doubled during this period and now covers approximately 11.5% of the globeõs surface 

area (WCPA, 2008).  In Canada, total surface area protected currently exceeds 10%, compared to 

approximately 4% in 1987 (Dearden and Dempsey, 2004; WCPA, 2008).2  Despite this increase in 

overall protected area, there has been increasing concern amongst international and national 

agencies and organizations over the loss of biodiversity.  This concern has been reflected globally in 

the ratification of the United Nations Convention on Biological Diversity (UNCBD) by 189 countries 

(UNCBD, 1992).  In Canada, concern over loss of biodiversity has led to the development of the 

Canadian Biodiversity Strategy (CBS, 1995), the release of several national high-profile reports indicating 

the decline of ecological integrity within national parks [e.g., Banff-Bow Valley Study (1996) and 

Unimpaired for Future Generations? Protecting Ecological Integrity with Canadaõs National Parks (Parks 

Canada, 2000)] and other more recent provincial biodiversity-related initiatives, including Protecting 

What Sustains Us: Ontarioõs Biodiversity Strategy (MNR, 2005) and Caring for Natural Environments: A 

Biodiversity Action Plan for Saskatchewanõs Future (2004-2009) (Government of Saskatchewan, 2004).  

 Despite these initiatives, global estimates of species extinction suggest that approximately 

400 to 500 vertebrates, 400 invertebrates and 650 plant species have become extinct in the past 400 

years, 1,000 to 10,000 times the normal background extinction rates expected in the absence of 

human influence (Wilson, 1989; IUCN, 2007).  According to the 2007 International Union for 

Conservation of Nature (IUCN) Red List of Threatened Species, a total of 16,306 species are currently 

threatened with extinction, with more than 5,773 new species added to the list since 2000 (IUCN, 

2007).  These statistics parallel the findings of the recent United Nationõs (UN) Millennium Ecological 

Assessment which reported that 60% of the worldõs ecosystem services are degraded or used 

                                                           
 
 

1
 The terms park, protected area, protected natural area and reserve will be used interchangeably throughout this 

dissertation to denote òan area of land and/or sea especially dedicated to the protection and maintenance of biological diversity, and of 
natural and associated cultural resources, and managed through legal or other effective means.ó (IUCN, 2007b)  This IUCN 
definition is recognized by the Government of Canada (Government of Canada, 2006). The degree of protection 
afforded to protected natural areas in Canada varies widely and they take many different forms and functions [see 
Paleczny et al. (2000) and Gray et al. (2007) for a review]. 

 
2
 The total number of protected areas in Canada has increased 19% since 2000 (Government of Canada, 2006).  
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unsustainably (UN, 2005).  Even in Canada, where relatively extensive natural areas persist, the 

number of species at risk of extinction is increasing rapidly (Sanderson et al., 2002).  As of 2007, 13 

species have been declared extinct in Canada and a further 539 are currently considered to be 

ôendangeredõ, of ôspecial concernõ, ôthreatenedõ or ôextirpatedõ (an increase of over 24% since 2001) 

(COSEWIC, 2001 and 2007).   

  Climate plays a crucial role in determining the geographic distribution patterns of plant and 

animal species (Holdridge, 1987; UNCBD, 2003).  In its Fourth Assessment Report (AR4), the 

Intergovernmental Panel on Climate Change (IPCC) estimated that global climate warming has been 

0.74°C over the past 100 years (1896 to 2005) and the warming trend over the past 50 years is twice 

that for the past 100 years (IPCC, 2007a).  An increasing number of empirical studies document the 

globally coherent ecological signals of climate change impacts (e.g., Hughes, 2000; McCarty, 2001; 

Parmesan and Yohe, 2003; Root et al., 2003; CCME, 2003; Parmesan and Galbraith, 2004; Pounds et 

al., 2005; Walther et al., 2005; Parmesan, 2006; IPCC, 2007b) and, alarmingly, climate change has 

been implicated in several species extinctions (Pounds et al., 1999, 2005 and 2006; Thomas et al., 

2006; Parmesan, 2006), a phenomenon projected to be exacerbated in the future (Thomas et al., 

2004; Bomhard et al., 2005; Schwartz et al., 2006; Parmesan, 2006; IPCC, 2007b).   

The IPCC AR4 projects that global mean temperatures could increase by 1.8 to 4.0°C by the 

end of the 21st century (IPCC, 2007a) and a review of recent evidence related to climate system 

feedbacks indicates that the probability of exceeding the IPCC Third Assessment Report (TAR) mid-

range scenario (+3.0°C) has increased (Pittock, 2006).  In Canada, projected increases in temperature 

by most AR4 scenarios are more than double the global average (PCIC, 2008).  Such increases in 

temperature, occurring over a relatively short period of time in terms of ecological evolution, are 

anticipated to have significant consequences for global biodiversity (IPCC, 2002; Malcolm and 

Markham, 2002; Root et al., 2003; Thomas et al., 2004; Lovejoy and Hannah, 2005; Parmesan, 2006; 

IPCC, 2007b; Huntley, 2007).  It has been projected that between 15 to 37% of the worldõs species 

could be òcommitted to extinctionó due to climate change by 2050 (under mid-range climate change 

scenarios and without the consideration of future habitat loss) (Thomas et al., 2004).  The IPCC AR4 

similarly estimated that approximately 20 to 30% of plant and animal species assessed so far are 

likely to be at increased risk of extinction if increases in global average temperatures exceed 1.5 to 

2.5°C (IPCC, 2007b).  In Canada, the required migration rates (RMRs) of several forest species 

would need to be Ó1,000 m/year if they are to keep pace with projected climatic warming 

anticipated over the 21st century (Malcolm et al., 2002).  Furthermore, the recent listings of two coral 
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species, staghorn (Acropora cervicornis) and elkhorn (Acropora palmata), and the polar bear (Ursus 

maritimus) as ôthreatenedõ under the U.S. Endangered Species Act (ESA) have marked the first time any 

nation has listed species due to climate change-related impacts (U.S. Department of the Interior, 

2008).  Taken collectively, these studies and events indicate that the implications of climate change 

for biodiversity conservation are considerable.   

Biodiversity conservation is one of the most important modern rationales behind protected 

natural areas establishment, planning and management.  Concomitantly, protected natural areas are 

the most common response mechanism to biodiversity loss and are called for under the United 

Nationsõ Convention on Biological Diversity (UNCBD, 1992: Article 8).  However, most protected natural 

areas have been designed to protect specific natural features, species and communities in-situ, and 

donõt take into account shifts in ecosystem composition, structure and function that could be 

induced by climatic change.  In this context, a recent report by the IUCN emphasized that òProtected 

areas managers é cannot é fulfill our duties as stewards of Earthõs last natural ecosystems if we plan and manage 

for a world that no longer exists.ó (WCPA and ICUN, 2004: 1)  A growing number of authors worldwide 

contend that climate change has the potential to undermine over a century of conservation efforts 

(Rutherford et al., 1999; Scott and Suffling, 2000; Scott et al., 2002; Hannah et al., 2002, 2005 and 

2007; Hossell et al., 2003; Téllez-Valdés and Dávila-Aranda, 2003; Hannah and Salm, 2005; Lemieux 

and Scott, 2005; Scott and Lemieux, 2005; Welch, 2005; Pyke and Fisher, 2005; Araújo et al., 2005; 

Thuiller et al., 2006a and 2006b; Harrison et al., 2006; Scott and Lemieux, 2007; Lemieux et al., 2007; 

Hannah et al., 2007; Huntley, 2007).  

 Changes in ecosystem composition, structure and function brought about by climate change 

over the course of the 21st century may necessitate a fundamental rethinking in the approach to 

biodiversity conservation in Canada and indeed globally.  Despite the recent advances in knowledge 

noted above, and considering the important role that protected natural areas could play in facilitating 

the long-term adaptation of biodiversity to climate change, adaptation studies specific to protected 

natural areas remain limited (Scott et al., 2002, emphasis added).  Despite repeated requests by the 

international biodiversity and protected natural areas community to ômainstreamõ3 climate change 

                                                           
 
 

3 ôMainstreamingõ refers to the integration of climate change into decision-making processes (see Klein et al., 2007).  As 
Burton (2007) emphasized, the goal of mainstreaming is to ensure that climate change is not considered in isolation 
from the numerous other factors that influence decision-making, but rather is considered as one element of integrative 
analysis and policy development. 
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into protected natural areas planning, management strategies and the design of protected areas 

systems (e.g., WCPA, 2003; UNCBD, 2003, 2006 and 2007); no climate change adaptation strategy 

specific to protected natural areas has been implemented by any international or Canadian 

jurisdiction.  Consequently, protected natural areas jurisdictions and protected natural areas 

themselves will need to be established, planned and managed differently if they are to meet the 

conservation challenges posed by climate change over the 21st century and beyond.  

 

1.2 Goals and Objectives  
 

In an effort to better understand and address the challenge described in the previous section, 

this dissertation seeks to accomplish several tasks.  The principal goal of this dissertation is to begin 

the process of climate change adaptation (mainstreaming) within the Canadian protected natural 

areas community, thereby facilitating the ability of jurisdictions, agencies and organizations to adapt 

to climate change-related impacts and implement adaptation decisions.  This dissertation expands 

upon recent research which has primarily focused on the potential impacts and policy, planning and 

management implications of climate change for Canadian protected natural areas jurisdictions (e.g., 

Scott et al., 2002; Lemieux and Scott, 2005; Scott and Lemieux, 2005; Welch, 2005; Scott and 

Lemieux, 2007; Lemieux et al., 2007) and contributes to mainstreaming climate change into the six 

major planning and management program areas specific to Ontario Parks [i.e., (i) Policy, System 

Planning & Legislation; (ii) Management Direction;  (iii) Operations & Development; (iv) Research, 

Monitoring & Reporting; (v) Education, Interpretation & Outreach; and, (vi) Corporate Culture & 

Function].  To realize this goal, five objectives have been formulated:  

i) to identify the Canadian protected natural areas policy, planning and management 
sensitivities with respect to climate change (with emphasis on Ontario Parks);  

 
ii) to synthesize the state of knowledge on climate change, biodiversity and protected 

natural areas policy, planning and management;  
 
iii) to establish the state of climate change adaptation with respect to Canadian protected 

natural areas agencies;  
 
iv) to assess the current position, priorities, and challenges of, and barriers to, Canadian 

protected natural areas agencies with respect to climate change adaptation; and 
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v) to develop a climate change adaptation portfolio and evaluate the suitability of these 
adaptation options for implementation by a Canadian protected natural areas 
agency (Ontario Parks).    

 

In doing so, this dissertation is the first known attempt to identify and evaluate climate 

change adaptation options specifically tailored to a protected natural areas jurisdiction.  

Furthermore, this dissertation presents a framework that helps achieve expert consensus on a 

complex issue that has no policy analogue and is confounded by significant uncertainty.  While 

adapting to climate change will be a multifarious and incremental process for protected natural areas 

agencies, this dissertation marks a significant progression towards the development of potential 

solutions.  The climate change adaptation portfolio and perspectives provided here are not implied 

to be a panacea for worldwide biodiversity loss and protected natural areas planning and 

management in an era of climate change.  They do, however, offer a solid conceptual and 

methodological framework with important practical ôlessons learnedõ that will help Canadian 

protected natural areas jurisdictions understand, address and begin mainstreaming climate change 

into policy, planning and management decision-making and work towards achieving objectives 

inscribed within international treaties such as the United Nations Convention on Biological Diversity 

(UNCBD)4 and the United Nations Framework Convention on Climate Change (UNFCCC).   

 

1.3 Outline  
 

This dissertation has been organized into five chapters, comprising four main parts:  

Introduction; Literature Review; Analysis; and Conclusions.  A schematic diagram of the dissertation 

layout is presented in Figure 1. Following this introductory chapter, Chapter 2 examines the 

scientific evidence of climate change and sets out the types of future climate and biophysical impacts 

anticipated to occur within and outside protected natural areas (both globally and within Canada).  

The Chapter proceeds with an analysis of the implications of climatic and ecological change for 

existing Canadian federal and provincial protected natural areas policy, planning and management 

                                                           
 
 

4 The seventh meeting of the Conference of the Parties (COP) to the UNCBD recognized the need for Parties to 
òIntegrate climate change adaptation measures in protected area planning, management strategies, and in the design of protected area 
systems.ó (decision VII/28/Goal 1.4.5) 
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frameworks.  The Chapter concludes with a synthesis specifically pertaining to climate change 

adaptation.  The distinctive features of climate change adaptation are identified (i.e., definitions, 

types and forms) and common elements and differentiated challenges of adaptation approaches are 

examined.  Interspersed within this section are reviews of scholarship that have contributed to 

practical implementation of climate change adaptation in other sectors, such as agriculture and 

forestry.  The general characteristics of adaptation in these sectors are identified, and institutional 

and sectoral adaptation barriers are explored.  The analysis presented in Chapter 2 sets the climate 

change ôproblemõ in context thereby establishing the rationale for the remainder of the dissertation 

(i.e., the need for climate change adaptation in Canadaõs natural protected natural areas community).   

Figure 1 Schematic of dissertation layout.  
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Given the policy, planning and management sensitivities and challenges set out in Chapter 2, 

a national survey of all federal and provincial/territorial jurisdictions and a number of leading 

environmental non-governmental organizations (ENGOs) responsible for the establishment, 

planning and management of protected natural areas was conducted in Chapter 3 to assess the state 

of climate change adaptation by Canadian protected natural areas agencies.  The survey was 

conducted in cooperation with the Canadian Council on Ecological Areas (CCEA) whose 

jurisdictional members regard climate change as a critical issue of the future for protected natural 

areas.  Climate change was recognized as an issue of high priority in its current Business Plan (CCEA, 

2004) and its importance was further highlighted by all Canadian protected natural areas jurisdictions 

participating in a recent CCEA Northern Protected Areas (NPA) survey (Wiersma et al., 2005).  The 

purpose of this survey was to: i) determine the climate change impacts currently occurring and are 

anticipated in protected natural areas across Canada; ii) evaluate the perceived importance of climate 

change relative to other protected natural areas management issues within Canadian jurisdictions; 

and iii) identify what policy, planning and management response efforts (i.e., adaptations) have 

occurred or are being considered by protected natural areas agencies across Canada.  The Chapter 

concludes with a discussion on key barriers and capacity challenges to effective climate change 

adaptation within the Canadian protected natural areas sector.  The results provide the first national 

overview of the state of climate change adaptation and protected natural areas in any nation.   

Chapter 3 reveals that climate change is perceived to be an issue that will rapidly alter the 

pace of protected natural areas policy development in Canada and that agencies currently do not 

have the capacity to respond to potential impacts.  The analysis of the state of climate change 

adaptation in Canadaõs protected natural areas informed the scope and methodological design of an 

Ontario Parks case study presented in Chapter 4.  A policy Delphi survey method is used to facilitate 

both the identification and evaluation of climate change adaptation options for consideration by Ontario 

Parks within the context of their six major program areas earlier noted (e.g., for their perceived level 

of desirability, feasibility and time-frame for implementation).  The policy Delphi has recently been 

recommended by the United Nations Development Program (UNDP) as a strategic approach in 

framing climate change policy issues and in formulating adaptation options (UNDP, 2004: 201).  

The research systematically examines the types of adaptations that protected natural areas experts 

would like mainstreamed into Ontario Parksõ policy, planning and management frameworks 

[including those that suggest radical departures from current approaches (e.g., protected natural 

areas system planning)] in order to offset potential negative impacts (e.g., species loss), take 
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advantage of potential opportunities (e.g., increased visitation) and increase the overall resilience of 

ôthe systemõ to climate change impacts.  The analysis also examines the perceptional differences of 

adaptation options amongst expert groups.  Such an analysis fits into what Burton et al. (2002) 

characterize as Type 25 adaptation research, which contributes directly to adaptation policy 

development by identifying which adaptation policies are needed and how they can be developed 

and applied.  Overall, the Chapter includes the first practical discussion of adaptation to climate 

change within the institutional framework of any Canadian protected natural areas jurisdiction.  

 The final Chapter presents conclusions and is divided into four sections.  In the first 

section, a synthesis of the achievements of the dissertation goals and objectives is presented.  In the 

second section, potential opportunities, limitations and challenges associated with the identified 

adaptation options, and the methodological approach used to evaluate them, are considered.  A 

number of recommendations and future research opportunities are provided in section three to help 

strengthen the method should it be adopted in the future by the broader conservation community.  

An integrated look at how this dissertation has contributed to and informed Ontario Parksõ overall 

climate change adaptation process completes the dissertation. 

 

 
 
 
 
 
 
 
 

 
 
 
 

                                                           
 
 

5 Type 1 adaptation research is carried out as part of a climate impact assessment by providing aggregate estimates to 
what extent feasible adaptation might reduce adverse impacts of climate change. Such research has previously been 
conducted in a Canadian protected natural areas context by the author (and others) and can be found in in the 
following publications: Scott et al. (2002), Lemieux and Scott (2005), Scott and Lemieux (2005) and Scott and Lemieux 
(2007). Type 1 studies have often assumed that adaptation responses are known, whereas in fact this is often not the 
case (Burton et al., 2002).  
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2.1 Chapter Introduction  
 

In the six years following the release of the Intergovernmental Panel on Climate Changeõs 

(IPCC) Third Assessment Report (TAR) (IPCC, 2001a and 2001b), significant progress has been made 

in understanding past (i.e., paleo) and modern (i.e., 20th and early 21st century) climate change and 

related biophysical responses, as well as in projecting future change (e.g., IPCC, 2007a and 2001b; 

Parmesan, 2006).  These advances have occurred due to increased availability of new data, more 

sophisticated analyses of data, improvements in the understanding and simulation of physical and 

ecological processes in models and more extensive consideration for uncertainty in model results 

(IPCC, 2007a and 2007b).   

To assess the significance of modern (i.e., observed) and future (i.e., projected) climate 

change and related ecological change for protected natural areas policy, planning and management, it 

is essential to place such change in a longer-term context.  This Chapter is organized into ten major 

sections each with several sub-sections.  Sections 2.2 to 2.6 examine climate change and biodiversity 

related impacts.  Specifically, these sections: i) review the climate change evidence from both ôproxyõ6 

and ômodernõ (i.e., 1850 to 2006) instrumental climate data; ii) review the paleo and observed 

ecological responses to climate; and iii) synthesize the results of relevant climate and ecological 

change projection analyses.  Discussion of findings specifically relevant to Canada and Ontario are 

interspersed within each of these reviews.  Section 2.7 provides a discussion on the challenges that 

climate change poses for current protected natural areas policy, planning and management 

approaches.  The Chapter concludes with a synthesis pertaining to climate change adaptation 

generally and within the protected natural areas sector specifically (Section 2.9).  The distinctive 

features of climate change adaptation are identified (i.e., definitions, types and forms) and common 

elements and differentiated challenges of adaptation approaches are examined.  Interspersed within 

this section are reviews of scholarship that have contributed to practical implementation of climate 

change adaptation in other sectors, such as agriculture and forestry.  The general characteristics of 

adaptation in these sectors are identified, and institutional adaptation barriers are explored.  The 

syntheses presented within this Chapter set the context for the remainder of the dissertation.   

                                                           
 
 

6 ôProxiesõ are climate sensitive biogeophysical measurements.  The most frequently used proxies are tree ring widths and 
densities, borehole temperatures, ice cores, peat bog sediments and ocean floor sediments [see Bradley (1999) for a 
more detailed discussion].  
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2.2 Paleo and Modern Climate Change  
 

Both paleo-climatic temperature data reconstructions and modern instrumental observations 

alike indicate that climate changes7 occur on all resolvable timescales, from day-to-day (e.g., extreme 

events), the inter-annual (e.g., year-to-year) to the geological (e.g., millions of years and longer).  This 

variability is known to result from a complex interaction between both internal (e.g., intrinsic modes 

of variability in the atmosphere and ocean) and external factors to the climate system (e.g., solar and 

volcanic radiative forcing) (IPCC, 2001a).  Earth has been much warmer and much colder than the 

current +14 degrees Celsius (ºC) throughout the geologic record but the coupled atmosphere, ocean, 

ice and biological systems and external forcing influences were different at global, regional and local 

scales and so comparisons are difficult.  Svenson et al. (2000) estimate that global surface 

temperatures increased 6 to 8ºC at the start of the Eocene Epoch approximately 55 million years 

before present (BP).  It is reported that temperatures subsequently cooled approximately 3ºC 

corresponding to the advent of the Pliocene Epoch four million years BP (Ravelo et al., 2004).  The 

Pleistocene Epoch, beginning approximately two million years BP, was characterized by swings of 

many degrees Celsius, corresponding to glacial intervals and abrupt warming at the onset of 

interglacials (IPCC, 2001a; Mann, 2007).  

Over the past 700,000 years, variability in global temperature has shown a close association 

with greenhouse gases (GHGs), especially carbon dioxide (CO2) and methane (CH4) (Figure 2) 

(IPCC, 2001a; Svensen et al., 2004; EPICA, 2004; IPCC, 2007a).8,9  Abrupt climatic changes10 are also 

                                                           
 
 

7 This thesis adopts the Intergovernmental Panel on Climate Changeõs (IPCC) definition of climate change, which is òany 
change in climate over time whether due to natural variability or as a result of human activity.ó This definition is different than that 
of the United Nations Framework Convention on Climate Change (UNFCCC), which states that climate change is òa change of 
climate which is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and which is in 
addition to natural climate variability observed over comparable time periods.ó  The definition of climate change adopted by the 
Government of Canada is consistent with that of the IPCC.  

8 The global atmospheric concentration of carbon dioxide has increased from a pre-industrial value of about 280 ppm to 
379 ppm in 2005 and exceeds by far the natural range over the last 650,000 years (180 to 300 ppm) (IPCC, 2007a).  

9 It is important to note that is within the glacial-interglacial oscillations occurring over the past 700 thousand years that 
defined the envelope of natural climate variability familiar to most modern ecosystems (Overpeck et  al., 2002).  
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documented throughout the paleo record.  For example, changes of up to 16°C and a factor of 2 in 

precipitation have occurred in some places in periods as short as decades to years (Alley and Clark, 

1999; Lang et al., 1999; Alley et al., 2003). 

Figure 2 Temperature ( oC), carbon dioxide (CO2) and methane (CH4) history of the past 
400,000 years.  Adapted from: IPCC (2001a) and updated using IPCC (2007a). 

 

 

 More recently, the globe has experienced several temperature shifts, such as the Medieval 

Warm Period (9th to 14th century) and the Little Ice Age (15th to 19th century) (Figure 3).  

According to the IPCC (2007a), global average temperature has increased approximately 0.74oC 

(±0.18 oC) over the past 100 years (1896 to 2005) and the rate of warming has greatly accelerated 

since the 1950s11 (Mann et al., 2003; Mann and Jones, 2004; Mann, 2007; IPCC, 2007a; Hou, 2007).  

Since the instrumental record of global surface temperature began in 1850, 11 of the last 12 years 

(1995 to 2006) rank among the 12 warmest years.  The IPCC (2007a) concluded that most of the 

observed increase in global average temperatures since the mid-20th century is òvery likelyó (>90% 

probability) the result of human activities that are increasing GHG concentrations in the 

atmosphere.  

                                                                                                                                                                                           
 
 

10 òTechnically, an abrupt climate change occurs when the climate system is forced to cross some threshold, triggering a transition to a new state 
at a rate determined by the climate system itself and faster than the cause. Chaotic processes in the climate system may allow the cause of 
such an abrupt climate change to be undetectably small.ó (National Research Council, 2002: 14) 

 
11 The linear warming trend over the last 50 years (0.13ĚC/decade) is nearly twice that of the last 100 years.  
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Figure 3 Northern Hemisphe re temperature reconstructions for the past 1300 years ( oC, 
with respect to the 1961 to 1990 mean). Source: Mann, 2007 and based on: Jones et al. (1998); 
Mann et al. (1999); Crowley (2000); Briffa et al. (2001); Esper et al. (2002); Mann and Jones (2003); 
Jones and Moberg (2003); Jones and Mann (2004); Huang (2004); Moberg et al. (2005); Oerlemans 
(2005). 

 

 

Annual temperatures have been increasing across Canada over the instrumental record as 

well.  Over the last 59 years, temperatures have increased 1.3°C12 (Environment Canada, 2007) 

(Figure 4).  Seven of the last 12 years (1995 to 2006) rank among the 12 warmest years in the 

instrumental record, with 1998 (+2.5°C) slightly edging out 2006 (+2.4°C) as the warmest year on 

record (Environment Canada, 2007).  Conversely, 1972 was the coolest year on record (-1.8°C) 

(Environment Canada, 2007).  The warming trend across Canada has not been uniform 

geographically (Table 1 and Figure 5) or seasonally (Figure 6).  The trends, extremes and current year 

rankings presented in Table 1 illustrate that the Mackenzie District (Northwest Territories) has the 

largest warming trend of 2.2°C and the Atlantic region has the smallest warming trend of 0.3°C over 

the 59-year period of record.  With the exception of the springs of 2002 and 2004, seasonal 

temperatures have remained above normal for more than nine years (Figure 6).  Between 1947 and 

2006, winter temperatures have increased 2.1°C, spring temperatures have increased 1.6°C, summer 

temperatures have increased 0.9°C and autumn temperatures have increased 0.6°C (Environment 

Canada, 2007).  

                                                           
 
 

12 The Canadian increase in temperature over this period is one-tenth of a decimal point short of being double the global 
average temperature increase over the same period.  
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Figure 4 Canada annual temperature departures over the past 59 years ( oC, with respect to 
the 1961 to 1990 mean).  Drawn using data from: Environment Canada (2007). 

 

 

 

Table 1 Annual temperature trend, extremes and current annual ranking within Canadian 
climate regions over the past 59 years.  Tabled using data from: Environment Canada (2007). 

 

  EXTREME YEARS 

Region  
Trend 
(°C) 

Warmest  
Dep. 
(°C) 

Coldest  
Dep. 
(°C) 

Atlantic Canada +0.3 1999 +2.0 1972 -1.4 

Great Lakes/St. Lawrence 
Lowlands 

+0.6 1998 +2.3 1978 -1.0 

Northeastern Forest +0.8 2006 +2.3 1972 -1.9 

Northwestern Forest +1.8 1987 +3.0 1950 -2.1 

Prairies +1.4 1987 +3.1 1950 -2.1 

South British Columbia 
Mountains 

+1.6 1998 +2.0 1955 -1.8 

Pacific Coast +1.3 1958 +1.6 1955 -1.2 
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North British Columbia 
Mountains/Yukon 

+2.1 2005 +2.8 1982 -2.1 

Mackenzie District +2.2 1998 +3.9 1972 -1.5 

Arctic Tundra +1.5 2006 +3.4 1972 -2.4 

Arctic Mountains and Fiords +1.0 2006 +2.3 1972 -1.9 

Canada +1.3 1998 +2.5 1972 -1.8 

 

Figure 5 Canadian climate regions and associated warming over the past 59 years ( oC, with 
respect to the 1961 to 1990 mean). Drawn using data from: Environment Canada (2007). 
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Figure 6 Canadian seasonal temperature departures over the past 59 years ( oC, with 
respect to the 1961 to 1990 mean).  Drawn using data from: Environment Canada (2007). 

 

 

 

Climate modelling and studies indicate that the observed global warming trend since the 

1950s cannot be fully explained by natural factors, but instead, requires a contribution from 

anthropogenic forcing factors, primarily from fossil fuel burning and the resultant increase in 

atmospheric CO2 (Tett et al., 1999; IPCC, 2001a; Braganza et al., 2004; Mann, 2007; IPCC, 2007a).  

Reconstructions of northern hemispheric mean-surface temperature from both proxy and modern 

instrumental temperature records indicate that global twentieth-century and early 21st century 

warming is unprecedented over at least the past two millennia (Mann, 2003; Mann, 2007; Hou, 2007) 

and, as Mann (2007: 111) emphasized, this òé anomalous warmth can only be explained by modern 

anthropogenic forcing.ó   

While anthropogenic influences on climate have been detected in surface air temperature, 

sea level pressure and ocean heat content, detecting an anthropogenic influence on precipitation has 
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been difficult to detect until recently.13  Zhang et al. (2007) were the first to demonstrate that 

anthropogenic forcing has contributed significantly to observed increases in precipitation in the 

Northern Hemisphere mid-latitudes, drying in the Northern Hemisphere subtropics and tropics, and 

moistening in the Southern Hemisphere subtropics and deep tropics.14  Overall, global land-based 

precipitation has increased by about 2% since the beginning of the 20th century (IPCC, 2001a).  

While this increase is reported as being statistically significant, precipitation trends have been neither 

geographically or temporally uniform.  For example, significant increased precipitation has been 

observed in the eastern parts of North and South America, northern Europe and northern and 

central Asia (IPCC, 2007a; Zhang et al., 2007).  Conversely, drying has been observed in the Sahel, 

the Mediterranean, southern Africa and parts of southern Asia (IPCC, 2007a; Zhang et al., 2007).  

While the annual precipitation trend in Canada over the past 59 years has generally been 

increasing (Figure 7: with the exception of 1972 and 2001, annual precipitation amounts have been 

above normal), it does reflect the global trend by exhibiting considerable geographic and temporal 

variability.  The wettest year in Canada was 2005 (+13.4%) and the driest was 1956 (-7.3%) 

(Environment Canada, 2007).  Seasonal precipitation levels have been at or above normal for eight 

of the last nine seasons, with the summer of 2006 being the lone exception (Environment Canada, 

2007).  

 

 

 

 

 

 

 

                                                           
 
 

13 Santer et al. (2007) also recently provided preliminary evidence of an emerging anthropogenic signal in the moisture 
content of Earthõs atmosphere. The authors suggested that the 0.41 kg/m2 per decade increase in atmospheric 
moisture content since 1988 is primarily due to human caused increases in GHGs, and not due to solar forcing or 
recovery from the eruption of Mount Pinatubo.  

14 It is interesting to note that the observed changes in precipitation identified by Zhang et al. (2007) are larger than those 
simulated by IPCC (2001a) SRES scenarios.   
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Figure 7 Canada annual national precipitation departures over the past 59 years (%, with 
respect to the 1961 to 1990 mean).  Drawn using data provided by Environment Canada (2007). 

 

 

2.3 Paleo Ecological Responses to Climate  
 

Climate is the major factor controlling the global patterns of vegetation structure, 

productivity and plant and animal species composition.  As Holdridge (1947), Woodward (1987) and 

others (e.g. Precht et al., 1973) have shown, plants reproduce, grow and respond to a certain range of 

temperatures and seasonal patterns of precipitation.  Likewise, animals have distinct thermal and 

precipitation tolerances and are dependent on the ongoing persistence of suitable habitat and 

associated food species for survival (Schwartzman, 2002).  Changes in climatic variables, such as 

temperature and precipitation, affect biodiversity directly through changes in phenology (e.g., earlier 

flowering of trees or egg-laying in birds), changes in geographic distribution and abundance, resulting 

from migration (e.g., pole-ward/elevational shifts in ranges) and habitat change to more favourable 

conditions, and changes to physiologically (e.g., sex determination).  Biodiversity is also affected 

indirectly by climate-induced alterations of inter-specific relationships (e.g., predator-prey 

relationships) (see Parmesan, 2006).  

Spatially explicit analyses of pollen and macro-fossil datasets have indicated that past 

changes in climate resulted in major shifts in species ranges and marked reorganization of biological 

communities, landscapes and biomes in what was considered to be an unfragmented global 

landscape (e.g., Delcourt and Delcourt, 1987; Liu, 1990; Tallis, 1990; Overpeck et al., 1991; 

Overpeck et al., 1992; Williams, 2002).  Species appeared to shift their geographical distributions as 

though tracking the changing climate, rather than remaining stationary and evolving new forms (e.g., 
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Davis and Zabinski, 1992; Davis and Shaw, 2001).  Paleo-climatic research has also revealed that 

species tended not to respond as cohesive units, but rather responded independently to changes in 

climate from which analogue patterns emerged (Liu, 1990; Graham and Grimm, 1990; Overpeck et 

al., 1992; Prentice and Webb, 1998; Davis and Shaw, 2001; Hannah et al., 2005; Huntley, 2007).  

Migration rates and routes of migration also differed among taxa (Davis and Shaw, 2001).  As 

Overpeck et al. (1991) found, the distribution and combinations of pollen types occurring during a 

significant portion of the ice age and present interglacial transition provided ôno analogõ associations 

to todayõs vegetation communities.  Similarly, Webb (1986) and Webb et al. (1993) showed that the 

new combinations of climate variables arising out of the retreat of the Laurentide Ice Sheet allowed 

the co-occurrence of species whose ranges do not overlap today.  Even with rapid changes in 

climate, biodiversity has been able to keep pace with relatively few extinctions (Huntley, 2005; Bush 

et al., 2004; Roy and Pandolfi, 2005).15  

The arctic treeline advanced north and retreated south several times over the past 12,000 

years.  As recently as 4,000 years ago, the arctic treeline reached the arctic coast at several locations 

across Canada in response to warmer temperatures (MacDonald and Gajewski, 1992; Macdonald et 

al., 1993).  Williams (2002) presented estimates of the per cent cover for needleleaved and 

broadleaved trees in North America since the last glacial maximum (Figure 8).  The temporally 

coarse reconstructions revealed a long-term increase in tree-cover densities from a low at the last 

full-glacial to a maximum during the late Holocene which the author attributed to general increases 

in temperature and precipitation levels and in CO2 concentrations.   

In Ontario, the early post-glacial boreal forest that colonized the Canadian Shield after 

10,000 BP was dominated by white spruce (Picea  glauca) and little or no black spruce (Picae mariana) 

(Figure 9) (Liu, 1990).  White spruce declined and was replaced by jack pine (Pinus banksiana) after 

9,000 BP in response to a warmer climate.  Boreal forest was replaced with a complex mosaic of 

mixed-conifer northern hardwoods just south of Lakes Erie and Superior during this time (Delcourt 

and Delcourt, 1987).  Central Ontario boreal forest was transformed into Great Lakes-St. Lawrence 

forest around 7,400 BP and white pine continued to spread northward during a warm period 

                                                           
 
 

15 Davis and Shaw (2001: 678) noted that òAlthough examples of persistence through repeated periods of unfavorable climate are 
documented in the fossil record, the record of extirpations and extinctions suggests that limits to adaptation are greatest during periods of 
rapid climate change, such as predicted for the future.ó  
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occurring from between 7,000 to 3,000 BP causing the boreal forest and the Great Lakes-St. 

Lawrence forest ecotone to advance approximately 140 km north of its present position (Delcourt 

and Delcourt, 1987; Liu, 1990).  Over roughly this same period, Lessa et al. (2003) found that the 

ranges of several boreal animal species, including black bear (Ursus americanus) and northern flying 

squirrel (Glaucomys sabrinus), showed signs of rapid demographic and spatial expansion across 

Canada.16 

 

Figure 8 Total tree cover, needleleaved tree cover and broadleaved tree cover from the 
last glacial maximum.   Source: Williams (2002: 17). 

 

 

 

 

 
 
 
 
 
 

                                                           
 
 

16 Other studies have shown that North American species did not follow simple north/south shifts in habitat. While 
primarily responding to changes in climate, some species responded diachronically, in divergent directions and at 
variable rates (e.g., FAUNMAP Working Group, 1996). 
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Figure 9 Expansion and contraction of the Great Lakes -St. Lawrence/Boreal Forest 
ecotone in Ontario over the past 10,000 years.  Adapted from: Liu (1990). 

 

 

 

2.4 Modern Ecological Indicators of Climate Change  
 

Continental, community and species scale evidence has consistently revealed that the 

anomalous warming occurring over roughly the past half-century is having a discernable impact on 

contemporary biodiversity (e.g., Parmesan, 1996; Parmesan et al., 1999; Hughes, 2000; McCarty, 

2001; Thomas et al., 2001; IPCC, 2001b and 2007b; Walther et al., 2002; McLaughlin et al., 2002; 

Parmesan and Yohe, 2003; Root et al., 2003; Parmesan and Galbraith, 2004, Parmesan, 2005; Menzel 

et al., 2006; Walther et al., 2006; Bradshaw and Holapzfel, 2006; Parmesan, 2006). Alarmingly, climate 

change has been attributed to several species extinctions (Pounds et al., 1999, 2005 and 2006; 

McLaughlin et al., 2002; Thomas et al., 2006; Parmesan, 2006), a phenomenon projected to be 

exacerbated in the future (Thomas et al., 2004; Bomhard et al., 2005; Schwartz et al., 2006; Parmesan, 

2006; IPCC, 2007b).   

Due to the rapid increase in correlation-based published studies occurring in recent years17 

(Figure 10), individual studies have become too numerous to review exhaustively.  Therefore, the 

                                                           
 
 

17 While it is acknowledged that the study of the biological impacts of climate change does have a rich history in the 
scientific literature [dating back to Grinnell (1917)], it is the relatively newly identified political ramifications of 
climatic and ecological change that has driven the increase in published correlation studies (Parmesan, 2006).  An 
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following discussion reviews multi-species (i.e., cross-taxonomic) impacts occurring across diverse 

global ecosystems (e.g., from temperate grasslands to tropical cloud forests) to provide insight into 

the rate, extent and magnitude of recent climate change-related ecological impacts.18,19 Interspersed 

within this discussion are examples of modern climate-related ecological changes across Canada and 

in Ontario.  

 Parmesan and Yohe (2003) estimated overall climate change-related ecological impacts by 

conducting meta-analyses on a set of more than 30 studies covering over 1,700 species representing 

a wide variety of taxa (e.g., insects, vertebrates, and plants).  Despite the very different levels of 

detail, design, and scale, the analysis revealed more than half of the species experienced changes in 

their phenologies and/or their distributions.  The changes reported were not random but were 

systematically in the direction expected from regional changes in the climate.  On average, northern 

hemispheric geographic range boundaries moved 6.1 km northward per decade (Parmesan and 

Yohe, 2003).  Quantitative analyses of phenological responses gave estimates of an advancement of 

2.3 days per decade across all species.  As a further indicator of climate change-attributed ecological 

impacts, the authors found that 279 (or 82%) of the species included in their analysis exhibited òsign-

switchesó (i.e., boundaries shifting northward in warm decades and southward in cool decades) and 

the authors concluded that no other factor (other than climate) could be responsible for such 

changes.  Parmesan and Yohe (2003) also emphasized that the unexpectedly strong response of a 

high number of species across multiple scales is outweighing other potentially counteractive global 

change forces, such as habitat loss.  

                                                                                                                                                                                           
 
 

extensive literature search by Parmesan (2006) identified 866 peer-reviewed papers documenting changes in species 
or systems that could, in whole or in part, be attributed to anthropogenic climate change.  Of these, approximately 
40% were published from January 2003 to January 2006.  See also Walther et al. (2005) and Figure 10 in this 
dissertation.  

 
18 As Parmesan (2005) noted, the key advantage to multi-species studies is that these studies document species that have 

not responded to climate change, along with those exhibiting responses.  This allows an unbiased estimate of overall 
impact of recent climate change to be made.  

 
19 While the studies reviewed here do represent a broad spectrum of ecosystems across the globe, it is important to note 

that there are significant ecosystem-type and geographical biases.  Of the nearly 29,000 observed changes tabled by 
the IPCC (2007b), 28,586 (99.7%) are from terrestrial ecosystems and only 85 (0.3%) are from marine and freshwater 
ecosystems.  Moreover, 28,115 (98.3%) of the observed changes are from Europe and 455 (1.5%) are from North 
America (only 0.2% of the observed changes have been identified over the rest of Earth -- 90% of the worldõs 
terrestrial base).  
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 A parallel can be drawn from the results of Root et al. (2003) who found that more than 80% 

of the 1,468 species included in their analysis were responding to climate change in the direction 

expected on the basis of known physiological constraints.  The average shift in spring phenology 

(such as breeding or blooming) for temperate-zone species was 5.1 ± 0.1 days per decade earlier 

(Root et al., 2003).  These trends are greater than the results obtained by Walther et al. (2002) who 

found earlier leaf unfolding in both the United Kingdom (1.4 to 3.1 days per decade earlier) and 

North America (1.2 to 2.0 days per decade earlier).  These trends are also greater than those of 

Parmesan and Yohe (2003) (noted previously).  

Figure 10 Annual global temperature anomalies relative to 1961 to 1990 average and 
number of case studies reporting ecological fingerprints of climate change. Annual values 
(dots) and five-year smoothed averages (line) and the cumulative number of case studies 
ɉÃÏÌÕÍÎÓɊ ÒÅÐÏÒÔÉÎÇ ÅÃÏÌÏÇÉÃÁÌ ȬÆÉÎÇÅÒÐÒÉÎÔÓȭ ÏÆ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ.  Source: Walther et al. (2005: 
649).20 

 

 
2.4.1 Modern Ecological Response to Climate Chang e in Canada  

 

Despite the renewed interest in climate change-related ecological impact studies and the 

general lack of observational records (i.e., detailed survey data) needed to rigorously test hypotheses, 

a number of meta-analyses suggest that Canadian species and ecosystems are also responding to 

recent climate change (Figure 11 and Tables 2 to 4).  Some of the reported impacts include changes 

                                                           
 
 

20 The cumulative number of case studies in this study was totaled using Parmesan and Yohe (2003), Roote et al. (2003), 
and Walther et al. (2002). Temperature data was taken from Jones et al. (2004).  
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in the geographic distribution, migratory pathway, and abundance of species, changes in the timing 

of reproduction of species, changes in phenology (e.g., onset, end, and length of growing season), 

changes in the geographical occurrence and magnitude of pest outbreaks, changes in inter-specific 

interactions, and widespread aquatic responses to increasing temperatures in both arctic and boreal 

lakes.  
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Figure 11 Examples of recent ecological responses to climate change across Canada. See Tables 2 to 4 for more detailed 
information , including sources (by superscript number).  
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Table 2 Ecological indicators of climate change in Canada ɀ changes in geographic distribution and abundance (including 
migratory pathway, wintering area and breeding ground).  

 

TAXON 
GEOGRAPHIC 

LOCATION  
ECOLOGICAL RESPONSE/PERIOD OF RECORD SOURCE(S) 

Edithõs checkerspot 
butterfly (E. editha) 

Mexico to 
Canada (range) 
 
 

 Northward shift of 92 km 

 Upward shift of 124 m 

 Population extinctions are four times as high along the southern range boundary (Baja, Mexico) 
than along the northern range boundary (Canada) 

 Recolonizations are rare (14% over 30 year period)  
 
Period of Record: 98 years 

1Parmesan (1996), 
Parmesan (2005) 

Black spruce (Picea 
mariana) 

Eastern Hudson 
Bay coast 
(Quebec) 

 12 km westward shift in treeline towards coast  
 
Period of Record: 100 years 
 

2Lescop-Sinclair 
and Payette 
(1995) 

27 bird species 
(arboreal and 
semiarboreal 
insectivors and 
granivors)  

Continental U.S., 
southern Canada, 
and northern 
Mexico 
 

 2.35 km/year shift northward  
 
Period of Record: 1967 to 1971 and 1998 to 2002 (26 years) 

3Hitch and 
Leberg (2007) 

Diatom and 
invertebrate 
assemblages 

Canadian arctic 
lakes 
 
 

 Shift away from benthic species towards more planktonic and warm-water-associated 
communities 

 
Period of Record: 150 years of proxy data (diatoms, chironomids, chrysophytes) 

4Smol et al. (2005) 

Polar bears (Ursus 
maritimus) 

Hudson Bay 
(southern range 
boundary) 

 Population declines in opposite geographic boundaries 
 
Period of Record: 1981 to 1998 and 1980 to 2004 

5Stirling et al. 
(1999) 
Stirling et al. 
(2006) 

Engelmann spruce 
(Picea engelmannii) 
 

Canadian Rocky 
Mountains 
(Banff, Yoho and 
Jasper national 
parks) 

 Upward (elevational) movement of treeline and increase in density 
 
Period of Record: Various sampling dates 

6Luckman and 
Kavanagh (2000) 

Common buckeye 
(Junonia coenia) and 
Baltimore 
checkerspot 
(Euphydryas phaeton) 

Manitoba  Northward expansion of Common buckeye (Junonia coenia) and Baltimore checkerspot (Euphydryas 
phaeton)  

 
Period of Record: 1970 to 2004 (35 years) 
 

7Westwood and 
Blair (2003) 
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TAXON 
GEOGRAPHIC 

LOCATION  
ECOLOGICAL RESPONSE/PERIOD OF RECORD SOURCE(S) 

butterflies  
Southern flying 
squirrel (Glaucomys 
volans) 

Ontario  22 km estimated rate of spread  

 Expanded northern range boundary in Ontario by about 200 km between mid-1980s and 2003  

 Currently rare or absent in a number of sites in southern or southwestern Ontario  

 Possibility that southern flying squirrels have expanded their range through the contiguous forests 
of central Ontario and Quebec, but not through the fragmented forests of the southwest 

 
Period of Record: 1994 to 2004 

8Bowman et al. 
(2005) 

Swainsonõs thrush 
(Catharus ustulatus) 

Boreal forest 
regions of the 
U.S. and Canada 

 Coastal group has undergone a 2- to 3-fold demographic and range expansion, while the inland 
group has undergone a 6- to 12-fold demographic and range expansion since the last glacial 
maximum 

 Bioclimatic analyses strongly support the hypothesis that populations expanding out of the east 
into previously glaciated areas in the west were undergoing a natural extension of their range by 
tracking the changes in climatic conditions 

 
Period of Record: last glacial maximum (~21,000 yr BP) to 2006 

9Ruegg et al. 
(2006) 

Sockeye (Oncorhynchus 
nerka) and Pink 
salmon (O. gorbuscha) 

Banks Island 
(NWT) 

 Capture locations are well outside the known distributions for the species 
 
Period of Record: 2000  

10Babaluk et al. 
(2000) 

Mountain pine beetle 
(Dendroctonus 
ponderosae) 

Canada (primarily 
BC and Alberta) 

 Increase in the range of benign habitats and an increase (at an increasing rate) in the number of 
infestations since 1970 in formerly climatically unsuitable habitats  

 Successfully breached the Rocky Mountain geo-climatic barrier and established in north-eastern 
BC and adjacent Alberta  

 
Period of Record: 10 year increments between 1921 to 1950 and 1971 to 2000  

11Carroll et al. 
(2006) 

Arctic fox (Alopex 
vulpes) and Red fox  
(Vulpes vulpes) 

Canada 
(Nunavut) 

 The red fox expanded itõs range northward into traditional Arctic fox territory, as much as 965 km 
(Baffin Island)  

  Arctic fox has retracted its range northward either due to inferior competition with the red fox to 
the warming trend or both 

 
Period of Record: 30 years 

12Hersteinnson 
and Macdonald 
(1992) 

Virginia opossum Southwestern 
Ontario 
(Georgian Bay) 

 Virtually non-existent in Ontario in the 1980s, the Virginia opossum has expanded its range 
northward into Georgian Bay 

 
Period of Record: n/a 
 

13CCME (2003) 
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TAXON 
GEOGRAPHIC 

LOCATION  
ECOLOGICAL RESPONSE/PERIOD OF RECORD SOURCE(S) 

Several Grand River 
fish species  

Grand River 
Watershed 
(Southwestern 
Ontario) 

 Warm-water fish species are now colonizing the upper portions of the Grand River watershed, 
while coldwater species have become less common 

 
Period of Record: 1983 to 1996 (14 years) 

14CCME (2003) 

 
 

Table 3 Ecological indicators of climate change across Canada ɀ changes in phenology and evolutionary traits (i.e., life -cycle 
events).  

 

TAXON 
GEOGRAPHIC 

LOCATION  
ECOLOGICAL RESPONSE/PERIOD OF RECORD SOURCE(S) 

Red squirrels  
(Tamiasciurus 
hudsonicus)  
664 female, 325 
followed throughout 
lifetime 

Kluane region, 
Yukon Territory 
 
 

 Parturition date advanced 18 days or 6 days per generation 

 Result of phenotype plasticity change (62%) and genetic change in population (13%) 
 
Period of Record: 1989 to 2002 (13 years) 

15Reale et al. 
(2004), Berteuax 
et al. (2004) 

Pitcher plant 
mosquito  
(Wyeomyia Smithii) 

Florida to Canada 
(range) 
 
 

 Evolved a shorter critical photo period in association with a longer growing season 

 Northern populations now use a shorter day-length cue to enter winter diapauses, doing so later in 
the fall than they did 24 years ago 

 
Period of Record: four sample collections -- 1972 compared to 1996 and 1988 compared to 1993 

16Bradshaw and 
Holzapfel (2001) 

Tree swallows 
(Tachycineta bicolor) 

Contiguous U.S. 
and Canada 
 
 

 9 day advance in laying date highly correlated with mean May temperature 
 
Period of Record: 1959 to 1991 (32 years) (3,400 nest records) 

17Dunn and 
Winkler (1999) 

Brunnichõs guillemot 
(Uria lamvia) 

Northern 
Hudson Bay 
(southern 
boundary) 

 Advanced laying date and increased weight trends correlated with changes in sea ice cover (area of 
open water) 

 
Period of Record: 1975 to 1977 and 2001 to 2003 

18Gaston et al. 
(2005) 

Polar bears (Ursus 
maritimus) 

Hudson Bay 
(southern range 
boundary) 
 
 

 Decline in physical (mean body weight) and reproductive traits  (birth numbers) 

 Population declines in opposite geographic boundaries 
 
Period of Record: 1981 to 1998 and 1980 to 2004 

19Stirling et al. 
(1999) 
Stirling et al. 
(2006) 
 

16 butterfly species Manitoba  Extending adult activity periods into the late summer and fall in response to longer frost-free 20Westwood and 
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TAXON 
GEOGRAPHIC 

LOCATION  
ECOLOGICAL RESPONSE/PERIOD OF RECORD SOURCE(S) 

periods 

 Change in the length of certain life stages, including population peak periods and longer flight 
periods  

   
Period of Record: 1970 to 2004 

Blair (2006) 

Aspen poplar (Populus 
tremuloides), Saskatoon 
(Amelanchier 
Alnifolia) and 
Chokecherry (Prunus 
virginiana)  

Edmonton, 
Alberta 

 The timing of flowering by several species is largely a response to temperature, with earlier blooms 
seen in years of higher spring temperatures 

 Overall, spring flowering events have advanced 8 days over a 60 year period 

 Aspen poplar showed a  26-day shift to earlier blooming over a 98 year period 
 
Period of Record: various years dating back as far as 1901 

21Beaubien and 
Freeland (2000) 

96 migrant bird 
species  

Delta Marsh, 
Manitoba 

 Fifteen species showed significantly earlier arrivals due to increases in temperature 
 
Period of Record: 63 years 

22Murphy-
Klassen et al. 
(2005) 

6 bird species Continental U.S. 
and southern 
Canada 

 Laying dates for four of six species were earlier when spring temperatures were warmer 

 Over the long-term, laying dates advanced over time for two species [red-winged blackbirds, 
Agelaius phoeniceus, 7.5 days and eastern bluebirds (Sialia sialis), 4 days)] 

 Laying date of song sparrows (Melospiza melodia) also advanced with increasing temperature when 
the analysis was restricted to eastern populations 

 The study showed that the relationship between climate change and breeding in birds is variable 
within and among species 

  
Period of Record: 50 years 

23Torti and Dunn 
(2005) 
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Table 4 Ecological indicators of climate change across Canada ɀ changes resulting from indirect effects.  

 

TAXON  
GEOGRAPHIC 

LOCATION  
ECOLOGICAL RESPONSE/P ERIOD OF RECORD SOURCE(S) 

Ringed seal (Phoca 
hispida) 

Western Hudson 
Bay 
 
 

 Decrease in ice extent and snow depth corresponded to decrease in ringed seal recruitment,  
reduced pup survival, and a reduction in pregnancy rates 

 
Period of Record: 20 year old seals from two datasets 1999 to 2001 and 1991 to 1992 

24Ferguson et al. 
(2005) 

Narwhal whale 
(Monodon monoceros) 
 
 

Baffin Bay  Limited number of leads and cracks available to narwhals during the winter and localized 
decreasing trends in open water and high site fidelity 

 Decreasing trends in the fraction of open water, together with increasing trends in interannual 
variability, were detected on wintering grounds  

 
Period of Record: 1978 to 2001 (26 years) 
 

25Laidre and 
Heide-Jorgensen 
(2005) 
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2.4.2 Changes in Geographic Distribution and Abundance  
 

A number of ecosystems, communities and individual species across Canada have exhibited 

changes in their geographic distribution, migratory pathway (including wintering area, migration 

route and breeding grounds) and abundance in recent years due to direct (Tables 2 and 3) or indirect 

(Table 4) climate change-related impacts.  For example, the red fox (Vulpes vulpes) has expanded 

northward over the past 70 years, while the arctic fox (Alopex lagopus) has contracted its geographic 

range toward the Arctic Ocean (Hersteinson and MacDonald, 1992).  The timings of the red foxõs 

boundary changes have tracked climatic warming phases.  Despite the fact that the red fox has 

physical attributes which make it less well-adapted to cold conditions than the arctic fox (e.g., longer 

ears and limbs), the synergy between warmer temperatures and competitive inferiority to the red fox 

has caused the arctic fox to retreat northward (Hersteinson and MacDonald, 1992).  

The southern flying squirrel (Glaucomys volans) and the Virginia opossum (Didelphis virginiana 

virginiana) are expanding their range margins north in Ontario (CCME, 2003; Bowman et al., 2005).  

From about the mid-1980s to 2003, it is estimated that the southern flying squirrel has expanded its 

northern range margin by approximately 200 km.  The authors importantly pointed out that while 

the expansion of the species was possible through the contiguous forests of central Ontario and 

Quebec, expansion did not occur through the fragmented forests of southwestern Ontario (i.e., 

through Carolinian-type forests).  Consequently, squirrel populations have become rare or even 

absent in previously suitable habitats (Bowman et al., 2005).  Similarly, the Virginia opossum, which 

was virtually non-existent in Ontario in the 1980s, has expanded its range as far north as Georgian 

Bay (CCME, 2003).  

The long-term warming trend occurring throughout the majority of the Canadian arctic has 

influenced the distribution and annual duration of sea ice in both the Arctic Ocean and western 

Hudson Bay.  This has had a significant influence on the population ecology of arctic mammals, 

including the polar bear (Ursus maritimus), ringed seal (Phoca hispida) and narwhal (Monodon monoceros).  

For example, the progressively earlier ice break-up in western Hudson Bay has resulted in 

population declines of the polar bear21 at opposing geographic boundaries due to declines in physical 

(e.g., weight) and reproductive (e.g., cub survivability) parameters (Stirling et al., 1999; Stirling et al., 

                                                           
 
 

21 The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) identified the polar bear as a ôspecies of 
concernõ in 2002 (COSEWIC, 2007).  
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2006).22  The decrease in ice extent and snow depth in western Hudson Bay has also resulted in 

decreased ringed seal recruitment, reduced pup survival and a reduction in pregnancy rates 

(Ferguson et al., 2005).  Conversely, the decreasing trends in the fraction of open water (i.e., increase 

in ice duration), together with increasing trends in interannual variability on wintering grounds, has 

limited the number of leads and cracks available to narwhal23 in Baffin Bay (Laidre and Heide-

Jorgensen, 2005).  The high site fidelity typical amongst this population of narwhals, in addition to 

the increasing duration and density of sea ice in this region, has put the species at greater risk of ice 

entrapment in recent years (Laidre and Heide-Jorgensen, 2005).   

Examining distribution data for 27 bird species occurring across Mexico, the U.S. and 

Canada, Hitch and Leberg (2007) found that the northern limit of birds with a southern distribution 

showed a significant shift northward (2.35 km/year).24  Similarly, Ruegg et al. (2006) found a 2- to 3- 

and 6- to 12-fold demographic and range expansion of the Swainsonõs Thrush (Catharus ustulatus) 

amongst both coastal and inland boreal forest regions of the northern United States and Canada, 

respectively.   

Parmesan (1996, 2005) found significant latitudinal and altitudinal clines in population 

extinctions of Edithõs checkerspot butterfly (Euphydryas editha) at sites undegraded by human 

activities.25  Sites where previously recorded populations still existed were on average 2Ě 

                                                           
 
 

22 Derocher et al. (2004) emphasized that most of the characteristic mammals in the arctic marine ecosystem are 
specifically adapted to the sea ice environment.  Sea ice is a vital substrate for both pagophilic (i.e., ice-loving) 
mammals and epontic marine communities so that significant reduction or disappearance of ice from some areas will 
fundamentally alter the arctic marine ecosystem.  

 
23 The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) identified the narwhal as a ôspecies of 
concernõ in 2004 (COSEWIC, 2007). 

 
24 The northward shift discovered by Hitch and Leberge (2007) is greater than observed shifts found in previous work 

conducted in Great Britain.  Thomas and Lennon (1999) found an 18.9 km shift over a 20 year period (0.945 
km/year). As Hitch and Leberge (2007) noted, òThe observation of two independent northward expansions of distributions of 
multispecies groups supports the contention of Thomas and Lennon (1999) that the northward expansions are due to climatic warming.ó 
(538) The results of Hitch and Leberge (2007) are also consistent with the IPCCõs (2001b, 2007b) conclusion that, 
generally speaking, the ecological impacts of climate change will be greater for continents than for islands (where 
climate is more regulated due to proximity to oceans).  

 
25 Parmesan (1996) defined an undisturbed site by the availability and abundance of host plants (species within the 

snapdragon family) and adequate nectar resources. 
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(approximately 222 km)26 further north than sites where populations were extinct.  Parmesan (1996) 

revealed that the northern establishments of new populations corresponded almost exactly with 

northward shifts in temperature isotherms.  Interestingly, populations in Mexico were four times 

more likely to be extinct than those in Canada and, because habitat degradation was latitudinally 

symmetrical (i.e., low at the extremes of the range and higher for all other latitudes), it is highly 

unlikely that the net extinctions were caused by differences in initial population isolation or 

subsequent land-use changes (Parmesan, 1999).27  Altitudinal shifts (i.e., elevational shifts) were also 

identified ð populations above 2,400 m were significantly more persistent than those at all lower 

elevations (Parmesan, 1999).  

Westwood and Blair (2006) similarly found several Manitoba butterfly species to be 

responding to recent climate change. Common buckeye (Junonia coenia) and Baltimore checkerspot 

(Euphydryas phaeton) butterfly populations have expanded their range margin north and have 

extended their adult activity periods into the late summer and fall, largely in response to longer frost-

free periods (Westwood and Blair, 2006).  The authors raised an important point regarding this type 

of response in their discussion: increased temperatures occurring later in the summer may induce 

species to produce extra generations later in the season, which in turn may place species at 

increasing risk if they are not in the correct stage to survive the winter (i.e., population failures may 

result due to insufficient time for the completion of their lifecycle) (Westwood and Blair, 2006).  It 

also appears that there is great uncertainty with the respect to the synergistic response of host-plants 

to climate change.  The authors pointed out that the caterpillar host plants and the adult nectar 

sources needed to sustain butterfly populations in northern range margins may not be responding 

concomitantly (i.e., in unison).  

                                                           
 
 

26In a separate study examining 36 non-migratory European butterflies, Parmesan et al. (1999) discovered that 63% 
shifted their range north by 35 to 240 km during the 19th century (and only 3% shifted to the south). 

  
27 In Parmesanõs (1996) analysis, butterfly populations were able to track changes in climate and expand their range 

margins north due to the availability of similar suitable habitat (i.e., host plants) in Canada (which offset population 
extinctions in the south).  However, Thomas et al. (2001) found that increased habitat breadth (i.e., increase in the variety 
of habitat types that populations colonize) and dispersal tendencies (i.e., longer winged individuals) have resulted in about 
3- to 15-fold increases in expansion rates of four butterfly species in Britain, allowing these insects to cross habitat 
disjunctions that would have represented major or complete barriers to dispersal before the expansions started.  
Thomas et al. (2001) noted that climate change and both ecological and evolutionary processes are probably 
responsible for these changes. 
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Lescop-Sinclair and Payette (1999) measured changes in the longitudinal position of black 

spruce (Picea mariana) along the eastern Hudson Bay coast (northern Québec) and found a 12 km 

displacement towards Hudson Bay since the late 1800s.  Dendroecological analyses revealed that 

stem growth occurred as a direct response to favourable summer growth conditions, reduced wind-

driven snow abrasion and super-cold wind-chill. Elevational treeline response to climate change in 

the Canadian Rocky Mountains has also been documented.  Luckman and Kavanagh (2000) 

reported the upward migration and increase in density of Engelmann spruce (Picea engelmanni) in 

several Canadian national parks, including Jasper, Yoho and Banff.  

While aquatic ecosystems have been studied less globally and in Canada, a few studies 

revealed similar climate change ecological responses to those of terrestrial systems. Babaluk et al. 

(2000) documented the first capture locations of both Sockeye salmon (Oncorhynchus nerka) and Pink 

salmon (Oncorhynchus gorbuscha) on Banks Island (Northwest Territories) in 1999. The capture 

locations noted in their study are well outside the known distribution of the species.  Northern 

advancements of fish species have also been documented in southern Canada. Fish surveys 

conducted between 1983 and 1996 showed that many warm-water fish species are now colonizing 

the upper portions of the Grand River (Ontario) watershed, while coldwater species have become 

less common (CCME, 2003).  Shifts away from benthic species towards more planktonic and warm-

water-associated species in several Canadian arctic lakes have also been reported (Smol et al., 2005).  

Given the widespread distribution and similar character of these changes across several arctic lakes 

located in one of the most remote areas of the world, the authors concluded that òéthe opportunity to 

study arctic ecosystems unaffected by human influences may have disappeared.ó (Smol et al., 2005: 4397) 

Climate change has also recently been implicated in the latitudinal and elevational expansion 

of several forest pests in Canada, including the mountain pine beetle (MPB). Historically, the current 

latitudinal and elevational range of MPB was not limited by available hosts (Caroll et al., 2006). 

Instead, its potential to expand north and east has been restricted by climatic conditions 

unfavourable for broad development (Carroll et al., 2006).  To determine if the beetle has expanded 

its range due to changing climatic conditions in British Columbia and Alberta, Carroll et al. (2006) 

overlaid MPB occurrence with the distribution of climatically suitable habitats in 10-year increments 

derived from climate normals (1921-1950 to 1971-2000).  Results clearly showed an increase in the 

range of MPB benign habitats and an increase in the number of infestations since 1970 across 

several formerly climatically unsuitable habitats (Caroll et al., 2006).  
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2.4.3 Changes in Species Phenology and Evolutionary Traits  
 

Because species phenology (i.e., the time frame for any natural seasonal phenomena) is 

directly correlated to variations in climate (e.g., the date of emergence of leaves and flowers, the first 

flight of butterflies and the first appearance of migratory birds), phenological records can be a useful 

proxy for temperature in the study of climate change ecological impacts occurring across Canada.  

Analyzing changes in breeding for tree swallows (Tachycineta bicolor) from 1959 to 1991 over the 

contiguous U.S. and Canada, Dunn and Winkler (1999) discovered that laying dates were 

significantly correlated with mean May temperature.  Over a 32-year period, the authors found that 

egg laying dates have advanced by an average of nine days.  Similarly, Torti and Dunn (2005) found 

advanced laying dates for two species, the red-winged blackbird (Agelaius phoeniceus) (seven days) and 

eastern bluebirds (Sialia sialis) (four days).  The arctic seabird, Brunnichõs guillemot (Uria lomvia), has 

similarly advanced its egg-laying date at its southern-most boundary (Hudson Bay).  No change was 

reported at its northern-most boundary (Prince Leopold Island) (Torti and Dunn, 2005).  Both 

trends were found to be closely correlated with the duration of sea-ice cover (Torti and Dunn, 

2005).  Murphy-Klassen et al. (2005) provided evidence that climate warming has influenced spring 

migration arrival dates of several bird species in Manitoba.  Over a 63-year period, the authors found 

that fifteen species showed significantly earlier arrivals in relation to increasing temperature trends.  

In addition to extending their northern range margins, several Manitoba butterfly species 

have extended their adult activity periods (e.g., population peak periods and flight periods) into the 

late summer and fall in response to longer frost-free periods.  From 1901 to 1997, aspen poplars 

(Populus tremuloides) in Alberta shifted their blooming dates 26 days earlier (Beubien and Freeland, 

2000).  Interestingly, a significant link was found between yearly flowering dates in Edmonton and 

sea surface temperature in the Pacific Ocean, nearly 900 km away (Beubien and Freeland, 2000).  

A recent study by Berteaux et al. (2004), examining reproductive phenological change 

associated with climate change in red squirrels (Tamiasciurus hudsonicus) in the Kluane region of the 

Yukon, showed that evolution can be fast, and successful, under climate change28.  In response to 

general increases in spring temperature (~2.0°C) and decreases in precipitation over the past 27 

                                                           
 
 

28 Stockwell and Ashley (2003) recently introduced contemporary evolution to conservation ecology but did not address 
climate change specifically. 
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years, Berteaux et al. (2004) revealed that female red squirrels have advanced their mean lifetime 

parturition date by 18 days, a change of about six days per generation. The authors concluded that 

the combined effects of phenotype plasticity (to increased food abundance) and micro-evolutionary 

change (response to selection) have allowed the population of squirrels to keep pace with rapid 

changes in environmental conditions.   While not considered a pest, the pitcher plant mosquito 

(Wyeomia Smithii) has also recently exhibited evolutionary responses to climate change.  Traditionally, 

as winter approached and day-lengths were shortened, the mosquito was genetically programmed to 

hibernate and protect itself inside the pitcher plant (Bradshaw and Holapzfel, 2001).  However, 

northern populations are now entering hibernation later in the fall due to more favourable climatic 

conditions (Bradshaw and Holapzfel, 2001).  The authors hypothesized that such a response could 

lead to the eventual domination of pitcher plant mosquito populations should such favourable 

climate trends continue (Bradshaw and Holapzfel, 2001).  

Overall, the balance of evidence from these studies strongly suggests that although we are 

only at an early stage in the projected trends of climate change, ecological responses are indeed 

discernable both globally and across Canada.  Moreover, if such ecological changes are being 

detected with global estimates of temperature increases of only 0.74ºC over the past century (IPCC, 

2007a), many more far-reaching effects on biodiversity are likely to occur in response to projected 

increases in mean annual temperature over the 21st century, with temperature increase projections 

running as high as 4.0ºC29 (IPCC, 2007a).  

 
2.5 Projections of Future Climate Change  

 

The broad statistical convergence of historical climate reconstructions based on both proxy 

and instrumental records, as reviewed in Section 2.2, has resulted in an increasing confidence in the 

detection of anthropogenic GHG signal in the 20th and early 21st century.  Comprehensive General 

Circulation Models (GCMs) are currently the only tools available that attempt to account for the 

complex set of processes which will determine future climate.  The IPCC projected that the pace of 

climate change is ôvery likelyõ (>90% probability) to accelerate with continued GHG emissions at or 

                                                           
 
 

29 It is important to note that the 4.0ºC increase in temperature projected by the IPCC is based on a ôbest estimateõ (see 
Section 2.5).  However, ôlikely rangeõ estimates do run as high as 6.4ºC (A1F1 scenario) (IPCC, 2007a).  
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above current rates.  Its best estimate is that globally averaged surface temperatures will rise by 1.8°C 

(low emission scenario) to 4.0°C (high emission scenario) by the end of the 21st century (Figure 12) 

(IPCC, 2007a).  This range is due to the uncertainty about future GHG emissions linked to 

unpredictable socio-economic conditions and to the different responses of GCMs to the 

corresponding amount of emissions.30  

Figure 12 Global temperature of the past 1,000 years (proxy data and instrumental 
observation) in relation to 21st century projected climate (IPCC SRES scenarios) . Adapted 
from: IPCC (2001a). 

 

 

 

The annual mean warming in North America is likely to exceed the global mean warming in 

most areas (IPCC, 2007a).  Seasonally, warming is likely to be largest in the winter in northern 

regions and in summer in southern North America.  Minimum winter temperatures are likely to 

increase more than the global average in northern North America (IPCC, 2007a).  Maximum 

summer temperatures are likely to increase more than the average in the southwest (IPCC, 2007a).  

Since the IPCC Third Assessment Report (TAR) (IPCC, 2001a), there has been an improved 

understanding of projected patterns of precipitation.  Increases in the amount of precipitation are 

very likely in high latitudes, while decreases are likely in most subtropical land regions (by as much as 

about 20%) continuing observed patterns in modern trends (IPCC, 2007a).   

                                                           
 
 

30 A more detailed discussion on emission scenarios of the IPCC Special Report on Emission Scenarios (SRES) can be found 
on p. 18 of IPCC (2007a).  
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As a northern country, Canada is projected to warm more than most other countries (Figure 

13) (PCIC, 2007).  For example, 32 SRES GCM experiments projected annual mean temperature 

increases of 3.1 to 10.6ÁC by the 2080s over Canadaõs terrestrial area, about double the projected 

global average increase over the same period (PCIC, 2007). Similar to the recent trends, warming is 

not expected to be geographically uniform ð the greatest temperature increases are projected to 

occur in the arctic territories (e.g., Nunavut and Northwest Territories) and the least change is 

projected for maritime provinces (e.g., Nova Scotia and Prince Edward Island) (Table 5).  In 

Ontario, SRES GCM simulations suggest an increase in annual mean temperature between 0.7 and 

3.1ºC by the 2020s, 1.9 and 6.9ºC by the 2050s, and 2.7 and 10.6ºC by the 2080s (Figure 14).   

Figure 13 0ÒÏÊÅÃÔÅÄ ÍÅÁÎ ÁÎÎÕÁÌ ÔÅÍÐÅÒÁÔÕÒÅ ÃÈÁÎÇÅ ɉȍ#Ɋ ÉÎ #ÁÎÁÄÁ ÕÓÉÎÇ Á ÖÁÒÉÅÔÙ ÏÆ 
general circulation models (GCM) and emission scenarios (SRES) for the 2020s, 2050s, and 
2080s. Source: PCIC (2007). 
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Table 5 0ÒÏÊÅÃÔÅÄ ÍÅÁÎ ÁÎÎÕÁÌ ÔÅÍÐÅÒÁÔÕÒÅ ÃÈÁÎÇÅ ɉȍ#Ɋ ÁÍÏÎÇÓÔ #ÁÎÁÄÉÁÎ ÐÒÏÖÉÎÃÅÓ ÁÎÄ 
territories using a variety of general circulation models (GCM) and emission scenarios 
(SRES) for the 2020s, 2050s and 2080s. Source: PCIC (2007). 

 

PROVINCE/TERRITORY  

PROJECTED MEAN ANNUAL TEMPERATURE  
#(!.'% ).#2%!3% ɉȍ#Ɋ 

2020 2050 2080 

Alberta 0.6-2.4 1.8-5.7 2.3-9.3 

British Columbia 0.5-2.2 1.6-5.0 2.7-8.5 

Manitoba 0.8-2.8 1.9-7.1 2.8-11.5 

New Brunswick 0.9-2.6 2.1-5.7 2.7-8.8 

Newfoundland/Labrador 0.8-2.5 2.3-4.4 3.2-7.7 

Northwest Territories 1.1-2.9 2.2-6.8 3.2-11.7 

Nova Scotia 1.0-2.6 2.0-4.9 2.7-8.8 

Nunavut 1.2-2.8 2.8-6.9 3.9-11.6 

Ontario 0.7-3.1 1.9-6.9 2.7-10.6 

Prince Edward Island 1.0-2.6 2.0-5.7 2.8-8.8 

Quebec 1.1-2.6 2.2-5.5 3.0-9.8 

Saskatchewan 0.5-2.6 1.7-6.3 2.4-10.2 

Yukon Territory 0.7-2.7 1.9-5.8 2.4-10.2 

Canada 1.1-2.6 2.2-5.1 3.1-10.6 

 

 

Generally, total annual precipitation is also projected to increase across Canada (Figure 15).  

32 GCM experiments project mean annual precipitation changes of -0.2- to +8.7% for the 2020s, 

+0.3 to 16.7% for the 2050s and +2.5 to 19.2% for the 2080s (PCIC, 2007).  In southern Canada, 

precipitation is likely to increase in winter and spring but decrease in summer (IPCC, 2007a).  Snow 

season length and snow depth are very likely to decrease in most of North America, except in the 

northernmost part of Canada where maximum snow depth is likely to increase (IPCC, 2007a).   

 

 



 

43 
 

Figure 14 0ÒÏÊÅÃÔÅÄ ÍÅÁÎ ÁÎÎÕÁÌ ÔÅÍÐÅÒÁÔÕÒÅ ÃÈÁÎÇÅ ɉȍ#Ɋ ÉÎ Ontario using a variety of 
general circulation models (GCM) and emission scenarios (SRES) for the 2020s, 2050s, and 
2080s. Source: PCIC (2007). 

 
 

Figure 15 Projected mean annual precipitation change (%) in Canada using a variety of 
general circulation models (GCM) and emission scenarios (SRES) for the 2020s, 2050s and 
2080s. Source: PCIC (2007). 
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An increasing number of studies indicate that the temperature change projections of the 

IPCC (2001a and 2007a) may have been underestimated.  For example, analyzing emissions 

projections of GHGs, Webster et al. (2003) found that with a policy of ôno restrictionsõ on GHG 

emissions, there is a one in two chance that the increase in global mean temperature over the next 

century will exceed 2.4oC.  Even with aggressive GHG emission reductions over time, the authors 

emphasized that there is a one in two chance of temperature increases exceeding 1.6oC.  More 

recently, Raupach et al. (2007) revealed that the recent growth of GHG emissions is on a trajectory 

that exceeds even the most aggressive SRES scenarios.  Furthermore, Pittock et al. (2006) 

emphasized that there is a risk of feedbacks in the climate system that may increase warming.  

Consequently, the author suggests that the probability of global temperatures exceeding 3ĚC has 

increased in recent years (Pittock et al. 2006).  Taken collectively, these studies call attention to the 

likelihood that Earth is committed to climate change regardless of aggressive emissions reductions.  

Even if atmospheric concentrations of GHG were stabilized at current levels, Earth would continue 

to warm as a result of past GHG emissions and the thermal inertia of the oceans (IPCC, 2007a).  

Such changes in temperature, projected to occur over a relatively short period of time, fall within the 

1.5 to 2.5 oC thresholds upon which the IPCC projects 20 to 30% of Earthõs species would be at 

increased risk of extinction.  

 
2.6 Projections of Futur e Ecological Response to Climate Change  

 

As previous discussions have shown, future climates may not only be quite different from 

recent climates, they also may be quite different from those inferred from paleoclimatic data and 

from those to which some existing species are evolutionary adapted (Hannah et al., 2007).  The first 

to assess climate change induced ecological change was Emanuel et al. (1985).  Their study 

concluded that about 45% of all the worldõs ecosystems would change under a doubled-CO2 climate.  

Since then, several others have found that changes to the composition, structure and function of the 

Earthõs ecosystems may be even more significant over the remainder of the 21st century and 

beyond, particularly under warmer scenarios (e.g., Malcolm and Markham, 2000; Root et al., 2003; 

Malcolm et al., 2002a and 2002b; Malcolm et al., 2004; Thomas et al., 2004; McKenney et al., 2007).   

Correlative ôclimatic envelopeõ methods have been applied to species modelling to project 

the future impacts of climate change on terrestrial ecosystems and species.  Studies consistently 

project major shifts in species, ecosystems and landscapes.  At the global scale, Malcolm et al. 
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(2002a) found that more than 80% of Earthõs ecoregions31 could experience extinctions as a result of 

climate change.  Northern ecoregions in Canada, Russia and Asia were found to be especially 

vulnerable32 -- seven ecoregions within these areas showed 70% or more change in at least one 

vegetation model [Ural Mountains Taiga (Russia); Canadian Low Arctic Tundra; Altai-Sayan 

Montane Forests (Russia/Mongolia); Muskwa/Slave Lake Boreal Forests (Canada); Kamchatka 

Taiga and Grasslands (Russia); Canadian Boreal Taiga, and Southwestern Australia Forests and 

Scrub].  Moreover, average required migration rates (RMRs) (i.e., the rates at which major biomes 

would need to move if they were to be able to successfully keep up with climate change) were 

unusually high, especially in Canada, often exceeding 1,000 m/year-1.  Rates of change of this 

magnitude are approximately ten times faster than the rapid migrations during the last postglacial 

period and signal the possibility of future species extinctions, as some species may fail to re-establish 

in areas that are climatically, physiologically and ecologically unsuitable. 

Both national (e.g., Rizzo and Wiken, 1992; Lenihan and Neilson, 1995; McKenney et al., 

2007) and provincially-specific [e.g., British Columbia, Hogg and Hurdle (1995), Hamann and Wang 

(2005); Saskatchewan, Henderson et al. (2002); Ontario, Malcolm et al. (2004), Goldblum and Rigg 

(2005)] bioclimatic envelope modelling studies alike show the possibility of strong latitudinal and 

altitudinal effects, with the greatest changes occurring at high latitudes and altitudes and relatively 

less change in temperate areas.  Over the next century, the traditional geographical range of some 

ecoregions (e.g., Canadaõs boreal forest) may shift as much as 300 to 700 km north (Rizzo and 

Wiken, 1992; McKenney et al., 2007).  Substantial declines in the extent of northern ecozones (e.g., 

taiga and tundra) and the expansion of more southerly ecozones (e.g., temperate forests and 

grasslands) are consistently projected by distinct studies utilizing different methods and spatial 

resolutions (Rizzo and Wiken, 1992; Lenihan and Neilson, 1995; Malcolm and Markham, 2000; 

Malcolm et al., 2002a and 2002b; Malcolm et al., 2004; McKenney et al., 2007).  For example, even 

with a major shift into the current distribution of taiga and tundra ecozones, substantial losses in 

geographical extent and density are consistently projected for Canadaõs boreal forest.  Some 

                                                           
 
 

31
 Ecological Land Classification (ELC) systems are used to classify and describe ecosystems at many scales.  For exact 
definitions of ELC classification terminology used throughout this dissertation including ecoregions, ecozones and 
ecodistricts, please refer to: http://www.ec.gc.ca/soer-ree/English/Framework/Nardesc/1-2.cfm   

32 Leemans and Eickhout (2004) similarly found that even a modest 1ĚC temperature increase would result in a 47% net 
change in extent of the Earthõs tundra biome. Globally, the authors project a 10.4 to 21.9% net change of extent 
amongst all ecosystems with temperature increases of 1ĚC and 3ĚC, respectively.  

http://www.ec.gc.ca/soer-ree/English/Framework/Nardesc/1-2.cfm
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projections estimate that the extent of the boreal forest could be reduced by as much as 50%, with 

more southern areas being replaced by temperate type forests, aspen parklands, or grasslands (Rizzo 

and Wiken, 1992; Malcolm et al., 2002; Gray, 2005). 

Malcolm and Markham (2000) projected changes in climate envelope biome type in excess 

of 50% in seven provinces/territories (Yukon Territory ð 64.1%, Newfoundland and Labrador ð 

63.6%, British Columbia ð 60.4%, Ontario ð 61.4%, Québec ð 59.5%, Alberta ð 56.4%, and the 

Manitoba ð 52.9%). New Brunswick (44.7%), Nova Scotia (34.2%), Northwest Territories and 

Nunavut (33%), Saskatchewan (24.8%) and Prince Edward Island (0%) were projected to change the 

least.  The highest ôrequired migration ratesõ (RMRs) were projected for the taiga/tundra, temperate 

evergreen, temperate mixed and boreal coniferous forest biomes, indicating that species dependent 

on these systems may be amongst the most vulnerable to climate change.  Barriers to migration had 

important effects in exacerbating these rates.  The authors concluded that climate change òéhas the 

potential to eventually destroy 35% of the worldõs existing terrestrial habitats, with no certainty that they will be 

replaced by equally diverse systems or that similar ecosystems will establish themselves elsewhere.ó (Malcolm and 

Markham, 2000: v)33   

More recent species-specific climate change modelling analyses for Ontario suggest that 

many forest species could expand or contract in geographical extent, be displaced and increase or 

decrease in dominance depending on their location.  For example, dominant forest types currently 

associated with the northwest section of the Ontario boreal shield ecosystem, such as black spruce 

(Picea mariana) (Figure 16) and jack pine (Pinus banksiana), are expected to contract in geographical 

extent and decline in their relative dominance (Malcolm et al., 2004).  Conversely, forest types such 

as red maple (Acer rubrum) (Figure 17), mixed poplar and birch, currently characteristic of the 

southern part of the Ontario boreal shield ecosystem, are projected to expand their ranges into the 

northwest and increase in relative dominance (Malcolm et al., 2004).  Forest types more common to 

the southern Lake SimcoeðRideau Region Ecosystem, including sugar maple (Acer saccharum), red 

oak (Quercus rubra), white pine (Pinus strobus), black ash (Fraxinus nigra), red maple (Acer rubrum) and 

eastern white cedar (Thuja occidentalis) are projected to expand their geographical range into the 

southern section of the Ontario boreal shield ecosystem (Malcolm et al., 2004). Interestingly, 

Malcolm et al. (2004) found that as many as 30 tree species currently not found in Ontario could 

                                                           
 
 

33 Malcolm and Markham (2000) used the term òdestroyó in this context to denote any change in current vegetation type.  
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appear under the projected warmer climate of the late 21st century.  Both conservation and extreme 

climate change scenarios alike projected the northward migration of several species currently 

restricted to the U.S. into the Lake Simcoe-Rideau region, including black hickory (Carya texana) and 

shortleaf pine (Pinus echinata) (Malcolm et al., 2004).  These scenarios also project the migration of 

osage-orange (Maclura pomifera) and post oak (Quercus stellata) into the Carolinian ecosystems of 

southwestern Ontario.  Assuming that suitable conditions exist to allow for the successful migration 

of these southern species (i.e., seed dispersal and establishment), this is one of the first studies to 

suggest that climate change may result in an increased number of tree species in Ontario. 

Figure 16 Modelled current and future distribution of black spruce  (Picae mariana ) in 
Ontario using six climate model scenarios . Source: Malcolm et al. (2004). 
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Figure 17 Modelled current and future distribution of red maple ( Acer rubrum ) in Ontario 
using six climate model scenarios . Source: Malcolm et al. (2004). 

 

 
 

 

 

It is anticipated that the synergistic interactions between, and cumulative impacts of, fire and 

insect outbreaks resulting from climate change will emerge to be more important agents of biological 

change and re-organization in global ecosystems than increases in temperature and precipitation 

alone (Johnstone and Chapin, 2005; Candau et al., 2007).  Historically, the return interval of fire in 

the boreal forest has ranged from 263 to 288 years (Parisien et al., 2004), with well established 

relationships between fire-cycle, species composition and age-class distribution (Larsen, 1997).  

However, a number of studies project an increased frequency and severity of forest fire outbreaks 

resulting from climate change over the next century and beyond.  Flannigan and Van Wagner (1991) 

projected a 40 to 50% increase in area burned in the Canadian boreal under a doubled CO2 climate.  
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A more recent analysis suggested that the total area burned in Canada could increase between 74 and 

118% by the end of this century under a tripled CO2 scenario (Flannigan et al., 2005).  Using a GCM 

driven fire model provided by Stocks et al. (1998) to project future forest fire intensity in Ontarioõs 

provincial parks, Lemieux et al. (2007) found declines in the ôlowõ forest fire severity rankings and 

significant increases in ôhighõ and ôextremeõ forest fire severity rankings in the next forty to eighty 

years.  The authors found that during the 1980 to 1989 baseline period, only 3% of Ontarioõs 

provincial parks were classified within the ôextremeõ fire severity ranking.  By the 2050s this 

percentage was projected to increase to 10% and by the 2090s ôextremeõ fire severity is projected to 

expand into over a fifth of all provincial parks (21%).  

Such projections suggest that Canadaõs forests could potentially undergo rapid ecological 

change resulting from increased forest fire disturbance activity, especially when compared to other 

forested regions, such as tropical forests, where fire is of lesser ecological importance and managerial 

concern.  Increased forest fire frequency could result in permanent losses of forest cover following 

disturbance and an increase in the proportion of exposed edge habitat in remaining stands (Hogg 

and Hurdle, 1995).  Flannigan et al. (2005) and Johnstone and Chapin (2006) similarly suggested that 

increased forest fire frequency will remove standing forests.  This will lead to an increased number 

of early-successional and deciduous ecosystems dominated by fire-adapted species such as black 

spruce (Picea mariana), white birch (Betula papyrifera) and trembling aspen (Populus tremuloides), with 

consequential effects on ecosystem processes.  As Thompson et al. (1996: 213) emphasized, 

òAnthropogenically altered species compositions in current forests, coupled with fire suppression over the past 50 years, 

may lead to forest landscapes that are different then were seen in the Holocene period, as described by paleoecological 

reconstructions.ó  

The ecological ramifications of increased forest fire frequency in Canadaõs boreal forest (i.e., 

increase in forest-fire-dominated species) could offset the projected retreat and decline of northerly-

dominated species [e.g., black spruce as modeled by Malcolm et al. (2004) who did not incorporate 

fire into their climate change and vegetation response scenarios].  Due to the uncertainties associated 

with ecosystem compositional, structural and functional response to climate change and to 

disturbances such as fire, projections of the future distribution of species, ecosystems and biomes 

will remain uncertain until models that more accurately capture these diverse forcings are developed, 

or the specific response mechanisms begin to be revealed on the ground.  

As previously discussed, temperature is a major variable limiting the geographical ranges, 

over-wintering success, population growth rates and dispersal and migration of pest insects and 



 

50 
 

disease.  Climate change will affect the distribution and the intensity of infestation of insect pests 

and disease, such as mountain pine beetle (MPB), spruce budworm and lyme disease, which will 

indirectly and directly affect the geographic distribution and abundance of other species.  Spruce 

budworm (Choristoneura fumiferana) is projected to become more damaging in northern parts of the 

boreal and less damaging in southern parts of boreal Ontario (Candau et al., 2007).  Assessing the 

potential for additional range expansion by MPB under continued climate change, Carroll et al. 

(2006) discovered that most of the western and central regions of Canada (north of the prairies) 

could become climatically optimal (i.e., high or extreme climatic suitability) for MPB by 2041 to 

2070 (Figure 18).  Similarly, predicting the effect of climate change on Lyme disease risk, Brownstein 

et al. (2005) revealed the potential for a significant northern expansion of blacklegged tick (I. 

scapularis) into Canada due to a projected 213% increase in suitable habitat by the 2080s.  The 

authors also projected a retraction of the vector from the southern U.S. and an expansion into the 

central U.S. 

The synergistic interactions between climate and pests may allow the insects to improve their 

niches to the point where they could escape natural enemy regulation, making outbreak frequencies 

increase and destruction more severe (e.g., Fleming and Volney, 1995). Assessing the white pine 

weevil (Pissodes strobi Peck [Coleoptera: Curculionidae]) hazard in the Mackenzie Basin, Northwest 

Territories, Sieben et al. (1997) discovered that ôhigh hazardõ areas of white pine weevil could 

increase by as much as 24 to 75%.  The geographical range of the weevil could also expand both 

more to the north and in elevation by 2050.  With the greatest amounts of warming expected to 

occur in winter, warmer temperatures may allow insect pests to improve their over-wintering success 

and expand their range into protected natural areas currently unaffected by the insect pests (Sieben et 

al., 1997) (see Section 2.3 for recent evidence related to this phenomenon).  

Another important projected ecological impact of climate change will be on freshwater 

species.  In some rivers and lakes, there will be a significant decrease in cool and coldwater fish 

species and a significant increase in the distribution and abundance of warm-water fish species.  

Climate warming anticipated by the 2050s could result in a 500 to 600 km northward shift in the 

zoogeographical boundary of freshwater fish species (Magnuson et al., 1997).  
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Figure 18 Current (1981-2010) and future (2041-2070) potential distribution of climatically 
suitable habitats for mountain pine beetle in Canada . Source: Carroll et al. (2006: 12). 

 

 

 

 

 

 
Given the high RMRs reported above, and the potential for large shifts in ecological 

composition, structure and function, there has been increasing concern over the ability of Earthõs 

species to adapt to changing climatic conditions.  Because biomes and ecosystems do not shift as 

complete entities in response to climate change but through the responses of individual species, 

some believe that current species communities will begin to break down and novel species 

associations with no current analogue will begin to evolve (Malcolm et al., 2004; Gray, 2005; 

Hamann and Wang, 2005; Overpeck et al., 2005; Huntley, 2007).  Others believe that the complete 
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disappearance of critical climate types and dependent species is possible (Williams et al., 2003; 

Thomas et al., 2004; Araúgo et al., 2004).   

Regardless of the type of response, the overwhelming majority of the extant literature 

suggests that projected climate change will have predominantly negative consequences for 

biodiversity especially when combined with human fragmented ecosystems.  Examining over 1,100 

animal and plants species for sample regions covering some 20% of the Earthõs terrestrial surface, 

Thomas et al. (2004) estimated that between 15 to 37% (depending on the climate change scenario 

used and the migration capacity of species) could be òcommitted to extinctionó by 2050.  Similarly, 

Malcolm et al. (2006) found that 39 to 43% of biota in ôbiodiversity hotspotsõ could face extinction 

under a 2 x CO2 climate (representing the potential loss of some 56,000 endemic plant species and 

3,700 endemic vertebrate species).  The IPCC (2007b) estimated that approximately 20 to 30% of 

plant and animal species assessed so far are likely to be at increased risk of extinction if increases in 

global average temperature exceed 1.5 to 2.5ĚC.  According to Pounds and Puschendorf (2004) and 

others (e.g., Opdam and Wascher, 2004), such estimates may be optimistic when the synergistic 

effects of habitat fragmentation, habitat destruction and climate change on the landscape are 

considered (Figure 19).34  Given the significance of these results, Thomas et al. (2004) concluded that 

òé anthropogenic climate warming at least ranks alongside other recognized threats to biodiversityé [and]é it is 

likely to be the greatest threat in many if not most regions.ó (147)   

Davis and Shaw (2001: 678) noted that òAlthough examples of persistence through repeated periods of 

unfavorable climate are documented in the fossil record, the record of extirpations and extinctions suggests that limits to 

adaptation are greatest during periods of rapid climate change, such as predicted for the future.ó Changes in 

ecosystem composition, structure and function resulting from climate change will require a re-

assessment of approaches to biodiversity conservation globally and indeed in Canada.  Such changes 

raise important questions about protected natural area systems with a mandate to include a 

representative sample of ecosystems and unique or rare species of global, national and/or provincial 

significance.  

 

                                                           
 
 

34 Malcolm et al. (2004) revealed that estimated global-warming induced rates of species extinctions in tropical hotspots 
in some cases exceeded those due to deforestation, further supporting suggestions that global warming is one of the 
most serious threats to biodiversity.  
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Figure 19 Illustration of the potential impact of a combination of habitat loss and climate 
change on the frequency of environmental conditions in a theoretical landscape .  Source: 
Pyke and Fischer (2005: 430).  

 

 

(A) Historic distribution of temperature within a given habitat type. 
(B) The historic distribution is shifted toward warmer conditions 
under climate change. (C) A combination of habitat loss and 
warming result in a climatically biased sample of remaining habitat. 
(D) Proportional representation of the original distribution of 
conditions despite an overall loss in habitat and shift climate.  

 

 

 

2.7 The Implications of Climate Change for Protected Natural Areas Policy, 
Planning and Management  

 

2.7.1 Biodiversity Conservation and Protected Natural Areas System Planning in 
Context  

 
 Protected natural areas were first established to provide recreational, medicinal, spiritual and 

economic benefits (Marsh and Hodgins, 1998).  In the late 1800s, the protection of natural heritage 

features was perceived as a secondary benefit.  Now, however, protected natural areas are viewed as 

the most common and effective response to ecosystem decay and biodiversity loss and are called for 

under the United Nationsõ (UN) Convention on Biological Diversity (UNCBD) (Article 8).  Systematic 

protected natural areas planning was not introduced as a planning tool until the mid-20th century 

and largely arose out of recommendations put forth by the International Union for Conservation of 

Nature (IUCN) to establish a network of ôrepresentativeõ samples of the worldõs ecosystems 

(Dasmann, 1972 and 1973).  Globally, support for this representation-based approach to system 

planning manifested itself in the early 1960s, and was substantiated by the preparation of a 

hierarchical classification system of natural regions for the purpose of conservation by the IUCN 

and the establishment of UN International Biological Program (IBP) in 1963 (Dasmann, 1972 and 

1973).  The IUCN classification system utilized ôuniformõ or ôhomogeneousõ features of climatic 

variables (i.e., temperature and precipitation) and vegetation as the basis to form a hierarchical 
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classification of ecosystems. The IBP surveyed for the protection of ôrepresentative habitatsõ around 

the world and, before the program was terminated in 1974, had inventoried 1,651 sites across 

Canada for representation purposes (Dasmann, 1972 and 1973).  The ecoregion classification 

approach to protected natural areas establishment introduced by the IUCN would later be adopted 

and tailored for specific application by many of the globeõs protected natural areas jurisdictions 

starting in the late 1970s, including Parks Canada (Parks Canada, 1997).   

Federal and provincial/territorial system planning primarily focusing on representing 

samples of Canadaõs biodiversity reached a pinnacle in the early 1990s with the launch of the World 

Wildlife Fundõs (WWF) Endangered Spaces Campaign (WWF, 1990) and the signing of the Statement of 

Commitment to complete Canadaõs networks of protected natural areas by Canadian Parks Ministers 

in 1992 (FPPC, 2000).  Through this commitment, Ministers agreed to make every effort to 

òécomplete Canadaõs networks of protected areas representative of Canadaõs land-based natural regions by the year 

2000 and accelerate the protection of areas representative of Canadaõs marine natural regionsó and to òéadopt 

frameworks, strategies, and timeframes for the completion of protected areas networks.ó (FPPC, 2000: 5)  

Across Canada, almost 100 million hectares of terrestrial protected natural areas have been 

set aside, an amount equal to 10% of the countryõs total land mass (Government of Canada, 2006) 

(Figure 20).  While the national protected natural areas network has grown about 19% since 2000, 

no federal, provincial or territorial government has yet fulfilled the 1992 Statement of Commitment to 

complete a network of protected natural areas representative of Canadaõs land-based natural regions 

(Government of Canada, 2006).  From an ôecoregion representationõ perspective, 29% of Canadaõs 

ecoregions are considered to be provided a ôhighõ level of protection (>12%), 12.4% ômoderateõ 

protection (6 to 12%), 41.9% ôlowõ protection (<6%), and 16.6% have no protected natural areas at 

all (Government of Canada, 2006) (Figure 21).  

Currently, Canadaõs National Parks System Plan (Parks Canada, 1997) and all 

provincially/territorially-based system plans, with the exception of Nunavut, have adopted some 

form of enduring features-based, ecoregional, or biogeoclimatic classification framework as the main 

system-planning tool for their terrestrial protected natural areas system (Table 6).  For example, as of 

2006, 46 national parks represent 25 ônatural regionsõ.  72% of Parks Canadaõs natural regions are 
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represented in the system (Government of Canada, 2006).35  Similarly, in Ontario, 71 ôsite districtsõ 

and 14 ôsite regionsõ are used for setting the geographic representation needs for protected natural 

areas and the stated intent of Ontarioõs Provincial Park Planning and Management Policies (MNR, 1992) is 

to establish a protected area in each ecodistrict.  As of 2006, 647 provincial parks, conservation 

reserves, wilderness areas and national parks are used to represent the provinceõs biodiversity 

(Government of Canada, 2006).  Furthermore, the ôrepresentation principleõ was recently reiterated 

to be the primary concept used to identify and establish protected natural areas within the provinceõs 

new Provincial Parks and Conservation Reserves Act (PPCRA) (Government of Ontario, S.O. 2006, 

Chapter 12) which came into effect in September 2007 (the first update of the Act in over 50 

years).36  A more detailed discussion pertaining to Ontario Parksõ protected natural areas and 

ecodistrict representation status is presented in Chapter 4.  

Overall, ôrepresentationõ has become the primary systematic protected natural areas 

establishment criteria and planning policy for the majority of the globeõs conservation-oriented 

programs and it is currently promoted internationally by the World Commission on Protected Areas 

(WCPA, 1998), the World Wildlife Fund (WWF) (Olson and Dinerstein, 1998) and non-government 

organizations such as Conservation International (Myers et al., 2000).  However, as previous 

discussions have revealed, climate change poses a new threat to long-term persistence of biodiversity 

and places in jeopardy the planning and management practices that have developed within the 

ôenvelopeõ of current climate and ecosystem distribution (Scott et al., 2002).  Consequently, existing 

commitments inscribed in protected natural areas system and individual park management plans may 

be difficult to attain (and, perhaps more importantly, retain) because of climate change impacts.   

 
 
 
 

                                                           
 
 

35 The total includes 42 National Parks and National Park Reserves and four areas that have been given interim 
protection formally by means of Order in Council, pursuant to legislation. It is also interesting to note that 
approximately 40% of Parks Canadaõs National Parks and National Parks Reserves were established prior to the 
adoption of the ônatural region representation approachõ to system planning.   

 
36 The purpose of Ontarioõs Provincial Parks and Conservation Reserves Act (PPCRA) is òto permanently protect a system of 

provincial parks and conservation reserves that includes ecosystems that are representative of all of Ontarioõs natural regions, protects 
provincially significant elements of Ontarioõs natural and cultural heritage, maintains biodiversity and provides opportunities for compatible, 
ecologically sustainable recreation.ó (2006, c. 12, s. 1.) (emphasis added) 
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Figure 20 Protected natural areas map of Canada . Source: Government of Canada (2006: 4).  
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Figure 21 Percentage of ecoregion protected . Source: Natural Resources Canada (2008).  
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Table 6 Provincial/territorial protected natural areas strategies, identification and selection premise, land classification 
framework, number of protected natural areas, total area protected (ha) and % of terrestrial base protected.  Sources: 
Lemieux and Scott (2005), Government of Canada (2006) and Ontario Parks (2008).  

 

PROVINCE PROTECTED NATURAL AREAS STRATEGY 
PROTECTED NATURAL 

AREAS IDENTIFICATION 

AND SELECTION PREMISE 

LAND CLASSIFICATION 

FRAMEWORK  
STATISTICS 

Alberta Special Places Plan (1995) Natural region representation 6 natural regions/ 167 
ôNatural History Themeõ 
landscapes 

Number of protected areas: 537 
Total area protected: 8,250,133 ha 
% of land protected: 12.5% 

British 
Columbia 

A Protected Areas Strategy for British Columbia 
(1998) 

Ecoregion representation 14 biogeoclimatic 
zones/112 eco-sections 
 

Number of protected areas: 948 
Total area protected: 13,313,151 ha 
% of land protected: 14.1% 

Manitoba An Action Plan for Manitobaõs Network of 
Protected Areas (2000) 

Natural region representation 
based on enduring features 
analysis 

18 natural regions and 
subregions 

Number of protected areas: 122 
Total area protected: 5,470,018 ha 
% of land protected: 8.4% 

New Brunswick Protected Areas Strategy (1999) 
 

Ecoregion representation 7 ecoregions Number of protected areas: 106 
Total area protected: 237,095 ha 
% of land protected: 3.3% 

Newfoundland 
and Labrador 

Wilderness and Ecological Reserves Program 
(1980) 

Ecoregion representation  9 ecoregions and 21 
subregions 
(Newfoundland) and 10 
subregions (Labrador) 
 

Number of protected areas: 63 
Total area protected: 1,838,275 ha 
% of land protected: 4.5% 

Northwest 
Territories 

Protected Areas Strategy: A Balanced Approach 
to Establishing Protected Areas in the Northwest 
Territories (1999) 

Ecoregion representation 9 ecozones/69 
ecoregions 

Number of protected areas: 19 
Total area protected: 13,853,314 ha 
% of land protected: 10.3% 

Nova Scotia Protected Areas Strategy (1997) Natural landscape 
representation 
 

80 natural landscapes Number of protected areas: 75 
Total area protected: 472,671 ha 
% of land protected: 8.6% 

Nunavut Parks and Conservation Areas System Plan (in 
development) 
 

n/a n/a Number of protected areas: 27 
Total area protected: 23,223,025 ha 
% of land protected: 11.1% 
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Ontario Ontario Parks: Planning and Management 
Policies (1992) 
Natureõs Best (1997) 
 

Broad park class targets (e.g., 
one large Wilderness class 
park per ecoregion) and finer 
life science and earth science 
criteria (e.g., representation, 
condition, diversity, 
ecological functions and 
special features) 

14 ecoregions/71 
ecodistricts 

Number of protected areas: 658 
Total area protected: 9,862,896 ha 
% of land protected: 9.1% 
 

Prince Edward 
Island 

Significant Areas Plan (1991) Habitat type representation 7 habitat types/94 sites Number of protected areas: 184 
Total area protected: 17,994 ha 
% of land protected: 3.2% 

Québec Action Plan for Parks: Natureõs Heritage/Plan 
dõaction sur les parcs: La nature en h®ritage 
(1992) 

Natural region representation 43 natural regions Number of protected areas: 1,096 
Total area protected: 9,339,320ha 
% of land protected: 6.2% 

Saskatchewan Saskatchewan Representative Areas Network 
(1997) 
 

Ecoregion representation 
based on enduring features 
analysis 

4 ecozones/11 
ecoregions/150 
ôLandscape Areasõ 

Number of protected areas: 4,608 
Total area protected: 5,939,460 ha 
% of land protected: 9.1 % 

Yukon  Wild Spaces and Protected Places: Yukon 
Protected Areas Strategy (1998) 
 

Ecoregion representation 23 ecoregions Number of protected areas: 24 
Total area protected: 6,419,928 ha 
% of land protected: 13.3 % 
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2.7.2 Limitations of Conventional Approaches to Protected Natural Areas System 
Planning and Management  
 

2.7.2.1 Advancements in Conservation Ecology  

 

Recent evidence has questioned the effectiveness of protected natural areas as long-term 

conservation tools.  This evidence has paralleled theoretical and empirical advancements in 

conservation ecology, such as island biogeography (MacArthur and Wilson, 1967), landscape ecology 

(Forman, 1995) and conservation biology (Meffe and Carrol, 1997), which have proved to be 

important in addressing a wide range of issues related to biodiversity conservation (Table 7).  While 

parts of these understandings are by no means all recent [Shelford (1933) and the first World Parks 

Congress indicated that parks were generally too small in 1962 (Adams, 1962)], a number of recent 

analyses have further called attention to the shortcomings of traditional protected natural areas 

planning and design approaches and are consequently elaborated on here (Table 8).   

  

Table 7 #ÏÎÔÒÉÂÕÔÉÏÎÓ ÏÆ ȬÃÏÎÓÅÒÖÁÔÉÏÎ ÅÃÏÌÏÇÙȭ ÔÏ ÐÒÏÔÅÃÔÅÄ ÎÁÔÕÒÁÌ ÁÒÅÁÓ ÐÌÁÎÎÉÎÇ ÁÎÄ 
design.  Sources: MacArthur and Wilson (1967); Diamond (1975); Soulé (1985); Forman (1995); 
Meffe and Carroll (1997); Hobbs (1997); Sportza and Nelson (1999); Lindenmayer and Franklin 
(2002).  

 

 ISLAND 

BIOGEOGRAPHY 
LANDSCAPE ECOLOGY CONSERVATION BIOLOGY  

General 
Focus 

 Species/area 
relationships 

 Characteristics of 
ômosaicsõ of the 
landscape 

 Considers the study of 
landscape structure, 
function, and change 

 Links traditional academic 
disciplines in the interest of 
biodiversity conservation 

 Guiding principles include: 
evolutionary change; dynamic 
ecology; and, human presence 

Central 
Themes 
and  
Contributions  

 Critical in raising 
geometric issues of 
protected natural 
areas (size, shape, 
relation, isolation)  

 Critical in 
understanding the 
effects of habitat 
fragmentation on 
patches 

 Importance of patch 
size, shape, quality 

 Consideration of 
corridors, the matrix, 
and natural disturbance 
regimes  

 Important to addressing 
populations dynamics 
in fragmented 
landscapes 
(metapopulations) 

 Investigate human impacts 

 Crisis oriented and value 
laden ð focuses on 
approaches to prevent further 
loss of biodiversity  

 Recognizes ôinherentõ value of 
biodiversity 

 Guidance on how much 
protected area (minimum 
viable area) needed to 
conserve biodiversity 
(minimum viable population) 
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Table 8 Limitations of conventional protected natural areas planning and design.  

 

 Inadequate size, location, and design, i.e., too small, too isolated, too fragmented 

 Increasingly difficult to establish new protected natural areas 

 Subject to numerous internal and external stresses, e.g., incompatible land-uses in matrix, climate change 

 Inappropriate boundaries not based on ecology 

 Inconsistency in multi-agency classifications systems 

 Establishment is often systematically biased towards remote, rugged, scenic landscapes, e.g., ôleft-oversõ 

 Ecosystem dynamics, process and persistence treated inadequately 

 Inadequate ôone-size-fits-allõ conservation targets, e.g., 12% representation of worldõs ecoregions 

 

Overall, current protected natural areas have been criticized as being: (i) too small to 

conserve large mammals (including migratory) over the long-term (Newmark, 1985; Noss, 1987; 

Gurd et al., 2001; Nudds and Wiersma, 2005); (ii) seldom located in landscapes where land 

productivity and opportunity costs are high (Presssey et al., 1996; Scott et al., 2001); (iii) based on 

inadequate, percentage-based, uniform targets (Rodrigues et al., 2004; Coulston and Riitters, 2005); 

(iv) not based on ecological reality (Noss, 1987); narrowly focused on biodiversity pattern over 

process (due to a focus on representation complementarity) (Pressey, 1994); and (v) sensitive to 

climatic and ecological change (e.g., Scott et al., 2002; Hannah et al., 2002a and 2002b; Lemieux and 

Scott, 2005; Scott and Lemieux, 2005; Scott and Lemieux, 2007).   

Pressey et al. (1996) and Scott et al. (2001) found that protected natural areas are 

systematically biased towards marginal landscapes by tending to be remote, rugged and scenic [what 

Hall and Shultice (1991) refer to as the òworthless landsó].  With regards to uniform, percentage-based 

targets, Soulé and Sanjayan (1998) found that 50% of tropical taxa would be extinct within the next 

few decades even if more than 10% of the tropical forests were protected.  Perhaps a more 

important implication of such targets to conservation planning is the fact that the ôpercentage of area 

already protectedõ in a given country or biome is a very poor indicator of additional conservation 

needs (e.g., Warman et al., 2004).  Rodrigues et al. (2004) similarly emphasized that uniform targets 

inappropriately ignore the fact that ecosystems with higher diversity and/or higher levels of 

endemism require substantially large fractions of their areas to be protected.  It has been suggested 

that between 33 to 93% of a given region might require some degree of protection in order to meet 

standard conservation goals (e.g., Mosquin et al., 1995; Soulé and Sanjayan, 1998; Noss et al., 2002; 

Rodrigues and Gaston, 2001; Carrol et al., 2003; Rodrigues et al., 2004).  These figures are well in 
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excess of the 10 and 12% goals suggested by the Bruntland Commission (WCED, 1987), the Caracas 

Congress on Parks (WCPA, 1993) and the IUCN (1994), respectively.  Collectively, the studies 

reviewed here question the effectiveness of such uniform, one-size-fits-all conservation targets 

which, if viewed as a politically expedient, area-based, conservation ceiling, could potentially impede 

biodiversity protection over the long-term.  

 Protected area establishment approaches adopting representation-based principles are based 

on recent information about the distribution and abundance of ecological features.  Pressey (1994) 

noted that such representation-based approaches to conservation results in bias in the content of 

reserve systems, leaving some species, communities or ecosystems without protection.  Moreover, 

significant differences in boundary delineations by different agencies upon which representation is 

based have essentially created a consistency problem in determining a ôcommon denominatorõ of 

classification boundaries [e.g., Parks Canadaõs System Plan (Parks Canada 1997) versus the World 

Wildlife Fund (Olson and Dinerstein, 1998)].  In this regard, since ecoregion classifications by nature 

have been tailored idiosyncratically and without consensus, and because many protected natural 

areas were established prior to formal ôsystem planningõ efforts, an incoherent system for identifying 

sites for inclusion in a system of protected natural areas has manifested itself and their long-term 

viability in an era of climate change must be examined.   

 

2.7.2.2 Limitations of Conventional Approaches to Protected Natural Areas System 
Planning and Management with Climate Change Considerations  

 

As noted, Earthõs network of protected natural areas has been designed to protect specific 

natural features, species and communities in-situ, not taking into account shifts in ecosystem 

composition, structure and function that could be induced by climate change.  The syntheses 

presented within this Chapter suggest that climate change and its ecological effects will have 

considerable implications for Earthõs biodiversity and, consequently, for the protected natural areas 

policy, planning and management approaches employed by respective agencies.   

Table 9 synthesizes the implications of climate change for several protected natural area 

management themes, including i) policy, planning and legislation; ii) establishment and design; iii) 

habitat and new/invasive species; iv) recreation and tourism assets; and v) ecological disturbances.  

In this context, a recent report by the World Wildlife Fund (WWF) (2003a: 1) emphasized that 

òéprotected areas offer a limited defense against problems posed by rapid environmental change [and] protected areas 
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will themselves need to be changed and adapted if they are to meet the challenges posed by global warming.ó   A 

growing number of authors worldwide contend that climate change has the potential to undermine 

over a century of conservation efforts (Halpin, 1997; Rutherford et al., 1999; Scott and Suffling, 

2000; Scott et al., 2002; Hannah et al., 2002a,b, 2005, 2007; Hossell et al., 2003; Téllez-Valdés and 

Dávila-Aranda, 2003; Hannah and Salm, 2005; Lemieux and Scott, 2005; Scott and Lemieux, 2005; 

Welch, 2005; Pyke and Fisher, 2005; Araújo et al., 2005; Harrison et al., 2006; Scott and Lemieux, 

2007; Hannah et al., 2007).  

Table 9 The implications of climate change for protected natural areas policy, pla nning 
and management. Adapted from: Scott and Lemieux (2005), Lemieux and Scott (2005), Scott 
and Lemieux (2007) and Lemieux et al. (2007).  

 
PROTECTED NATURAL 

AREAS POLICY AND /OR 

MANAGEMENT ISSUE 
CLIMATE CHANGE IMPLICATIONS  

Protected Natural 
Areas Policy, Planning 
and Legislation  

 Speciesõ biogeoclimatic envelopes will change. Protected natural area 
representation targets may be compromised as they emerge to under-
represent or not represent all the species, ecosystems and habitats they were 
originally designed to protect.  

 

 Protected natural areas managers may be forced to try to òhit a moving 
targetó of ecological representativeness.  

 

 System goals as tabled in legislation and system plans may require 
interpretation (what to protect: historic-current-future species/ecological 
processes and not species?) and possible revision.  

 

Protected Natural 
Areas Establishment 
and Design  

 Future non-analogue species are excluded from current steady-state 
establishment frameworks.  

 

 Intervening areas may emerge as important areas to help achieve protection 
commitments.  

 

 Protected natural areas boundaries may require adjustment to help achieve 
protection commitments.  

 

 Protected natural areas management plans and conservation targets will 
require revision if established management objectives are no longer viable.  

 

Protected Natural 
Areas Habitat and 
New/Invasive Species  

 Current protected natural area habitat may emerge to be unsuitable for 
species that it currently supports (e.g., species unable to acclimatize to 
changing climatic and ecological conditions).  

 

 Current protected natural area habitat may emerge to be suitable for species 
it was originally unable to support (i.e., species currently occupying niches in 
more southerly located ecosystems).  

 

 Invasive species may expand their biogeoclimatic envelopes northward and 
emerge to be a more pervasive management issue in protected natural areas 
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located in these areas.  
 

Recreation and 
Tourism Assets  
 

 The availability of some recreational opportunities may decline in some areas 
(e.g., cross-country skiing) while other/new recreational opportunities may 
increase/emerge (e.g., climatic suitability for camping in shoulder seasons).  

 

 A range of management issues could be affected, such as user-fee collection, 
environmental operations (e.g., increased fire bans and beach closures) and 
staffing needs (i.e., to take advantage of an extended operating period).  

 

 Visitor management plans may need to be revised (e.g., how manage for 
potentially large increases in visitation due to extended and improved warm-
tourism season?).  

 

Ecological 
Disturbances  

 Many ecosystems, such as the boreal forest, depend on fire and pest 
outbreak frequency patterns of disturbance for renewal and maintenance of 
ecological integrity and may emerge to be more important agents of change 
than increased temperature and precipitation levels alone. 

 

 Ecologically, increased distribution and frequency of disturbances may result 
in increased distribution and dominance of early successional ecosystems 
dominated by fire adapted species.  

 

 Wildfire management plans may require revision (utilize to re-establish or 
maintain current ecological representation or facilitation adaptation)? 

 

 Natural resource managers may find it increasingly difficult to achieve a 
balance between protecting socio-economic values (such as forestry 
interests), protecting representative natural values (such as rare or 
endangered species and ecosystems), promoting the use of fire in restoring 
and maintaining ecosystem health, managing for carbon, and managing pest 
outbreaks (e.g., spruce budworm and mountain pine beetle) under climate 
change.  

 

 

One of the more important policy implications of climate change concerns protected area 

system planning frameworks.  As noted, all federal and provincial/territorial jurisdictions in Canada 

have adopted (or are about to adopt) some form of enduring features-based, ecoregion, or 

biogeoclimatic land classification system as the main system planning framework for their terrestrial 

protected natural area systems (refer back to Table 6).  For example, in the 1970s, Parks Canada 

delineated ônatural regionsõ based on the appearance of land and vegetation formations with the goal 

to òéprotect for all time representative natural areas of Canadian significance in a system of national parks, to 

encourage public understanding, appreciation and enjoyment of this natural heritage so as to leave it unimpaired for 

future generations.ó (Parks Canada, 1997, emphasis added)  Such frameworks are based on static 

climatic and ecological parameters.  Consequently, these system planning approaches are essentially 

conserving snapshots of the current bioclimatic landscape at a given space and time.  Protected 
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natural areas established under this principle may prove to under-represent or not represent the 

species they were originally designed to protect in an era of climate change.   

For example, Scott et al. (2002) examined the extent to which vegetation distribution might 

be altered in Canadaõs national park system as a result of climate change.  In five of six global 

vegetation model (GVM) scenarios, a novel biome type appeared in more than half of the national 

parks and greater than 50% of all vegetation grid boxes changed biome type.  A similar study by 

Lemieux and Scott (2005) showed the potential for substantial change in vegetation distribution 

throughout Canadaõs entire terrestrial protected natural areas system.  Of the nearly 3,000 protected 

natural areas included in the study, vegetation modelling results projected that 28 (conservative 

scenario) to 48% (extreme scenario) of Canadaõs protected natural areas could experience a change 

bioclimatic-envelope type under 2 x CO2 conditions (Table 10).  As would be expected, the greatest 

bioclimatic-envelope representation losses were projected for the more northerly found biomes, 

including tundra, taiga and boreal conifer forest (with representation losses running as high as 87% 

for the taiga biome).  Conversely, increased representation was projected for more southerly found 

biomes, such as temperate evergreen forest and temperate mixed forest.  

 

Table 10 0ÒÏÊÅÃÔÅÄ ÂÉÏÍÅ ÃÈÁÎÇÅ ÉÎ #ÁÎÁÄÁȭÓ ÐÒÏÔÅÃÔÅÄ ÎÁÔÕÒÁl areas network (by 
designation  type ). Source: Lemieux and Scott (2005: 391).  

 

PROTECTED NATURAL 

AREAS DESIGNATION  
# OF PAS* 

MAPSS 
(change %) 

BIOME3  
(change %) 

UKMO  GFDL GISS 
Had  
CM2 

Had  
CM2 

MPI  

National Parks 38 61% 58% 58% 47% 42% 39% 

RAMSAR Sites 44 48% 43% 36% 18% 34% 34% 

Migratory Bird 
Sanctuaries 

66 33% 50% 30% 17% 36% 35% 

National Wildlife Areas 40 40% 45% 25% 15% 30% 18% 

Ecological Reserves 464 52% 44% 42% 34% 55% 44% 

Provincial Parks 946 49% 31% 38% 34% 71% 54% 

Wilderness Areas 234 38% 44% 41% 38% 56% 31% 

 
Total Change 
Change (%) 
 

 
2,979 

 
1,426 
48% 

 
1,371 
46% 

 
1,168 
39% 

 
832 
28% 

 
1,418 
48% 

 
1,093 
37% 

*PAs=Protected areas. Full GCM scenario names can be found in Abbreviations and Acronyms section of the 
dissertation.  
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 Modelling studies for protected natural areas located in other parts of the globe indicated 

similar results (Figure 22).  A number of analyses suggested significant changes to ecosystem 

composition, structure and function in South Africa (e.g., Rutherford et al., 1999; Bomhard et al., 

2005; Thuiller et al., 2006a and 2006b).  For example, the first regional modelling of climate-change 

effects on a biodiversity hotspot suggested major vegetation shifts in the Succulent Karoo and Cape 

Floristic Regions of South Africa (Rutherford et al., 1999).  The highly diverse and endemic arid flora 

of the Succulent Karoo is projected to collapse southward under a 2 x CO2 scenario.  Under this 

scenario, the Succulent Karoo hotspot is projected to lose more than 80% of its bioclimatic range 

(Rutherford et al., 1999).  Furthermore, five South African parks were projected to lose more than 

40% of their plant species (Rutherford et al., 1999).  In a separate study, Bomhard et al. (2005) 

examined the potential impacts of climate change for the conservation of 227 Proteaceae taxa 

(plants) endemic to the Cape Floristic Region.  The authors discovered that up to a third of the 227 

Proteaceae taxa listed on the IUCN Red List would be uplisted (i.e., become more threatened) by up 

to three ôthreat categoriesõ if future climate change threats as predicted for the 2020s are included.  

In addition, the proportion of threatened Proteaceae taxa rises on average by 9% (with a range of 2 

to 16%, depending on the scenario).  With increasing severity of the climate change scenarios, the 

proportion of ôcritically endangeredõ taxa increases from about 1 to 7% and almost 2% of the 227 

Proteaceae taxa are projected to become extinct (Bomhard et al. 2005).  

 In addition for South Africa, Thuillier et al. (2006a) estimated the sensitivity of 141 national 

parks in terms of both mammalian species richness and turnover.  Assuming ôno spreadõ of species, 

the authors revealed that 10 to 15% of the species are projected to fall within the ôcritically 

endangeredõ or ôextinctõ IUCN Red List categories by 2050 and it will rise to between 25 and 40% by 

2080 (Thuiller et al., 2006a).  Assuming ôunlimited spreadõ of species, the authors found less extreme 

results, with proportions dropping to approximately 10 to 20% by 2080.  Thuiller et al. (2006b) 

similarly assessed the impacts of climate change on vegetation structure and function of 159 species 

endemic to Namibia.  The authors discovered that fewer than 5% are predicted to experience 

complete range loss by 2080.   However, more than 47% of the species are expected to be 

vulnerable (with a range reduction of up to 430%) by 2080 if they are assumed unable to migrate 

(Thuiller et al., 2006b). 

Assessing the ability of existing reserve-selection methods (i.e., representation) to protect 

species under a changed climate in Europe, Araújo et al. (2004) found that 6 to 11% of 1,200 plant 

species modelled would be potentially lost from selected reserves within 50 years.  Within this range, 
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the authors projected that 5% of the species would lose their entire climatic envelope and 2% of the 

species modeled would have non-overlapping distributions.  Examining the northwestern U.S., 

Coulston and Riitters (2005) also used a climate envelope approach to identify the effectiveness of 

current protected natural areas in maintaining suitable Douglas-fir (Psuedotsuga menziesii) bioclimatic 

habitat under future climate change.  The authors found that as much as 42.6% of current protected 

natural areas could lose suitable bioclimatic habitat for the species within the next century.  

Taken collectively, these modelling studies indicate that representation-based approaches to 

conservation may not be optimal for the perpetual persistence of biodiversity.  Moreover, modelling 

of individual species response to projected climate change in North America also reveals another 

policy dilemma for protected natural area agencies in North America: the northward shift of species 

from the U.S.  Ranges not currently in Canada would meet Parks Canadaõs existing definition of 

ôalien speciesõ and it could be interpreted that these species should be subject to management 

interventions (i.e., control and removal) (Scott and Lemieux, 2005).  Provincial level definitions of 

invasive species, generally considered a species beyond its ôhistorical rangeõ, also do not anticipate or 

account for species response to climate change.   

Although the arrival of a new species may be identified as a negative outcome of climate 

change and a negative impact on a protected natural area, it can also be interpreted as successful 

autonomous adaptation by a species to anthropogenic climate change thereby adding further 

complexity to species management decisions (Scott and Lemieux, 2005).  Further to this point, the 

Canadian Species at Risk Act defines a ôwildlife speciesõ as a species ônativeõ to Canada and one that has 

been present in Canada for at least 50 years (Government of Canada, 2003).  A literal interpretation 

of this definition indicates that a species classified as endangered in the U.S. that naturally expands 

its range into Canada under changing climate would not qualify for protection as a species at risk 

under the Canadian Species at Risk Act (Scott and Lemieux, 2005).  Overall, such ôrepresentation-firstõ 

principles face significant interpretation challenges in an era of climate change, since what is chosen 

to be representative may prove to be under represented or not represented at all in protected natural 

area systems of the future.  
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Figure 22 Examples of potential climate change impacts in protected natural areas around the world .  

 

1=Scott et al. (2002); 2=Lemieux and Scott (2005); 3=Jones and Scott (2006a and 2006); 4=Hall and Fagre (2003); 5=Burns et al. (2003); 6=Bartlein et al. (1997); 
7=Coulston and Riitters (2005); 8=Téllez-Valdéz and Davila-Aranda (2003); 9=Rutherford et al. (1999); 10=Hannah et al. (2005); 11=Bomhard et al. (2005); 12=Thuiller 
et al. (2006a); 13=Thuiller et al. (2006b); 14=Araújo et al. (2004); 15=U.K. Climate Impacts Programme (2001); 16=Williams et al. (2003).  
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Similar to protected natural areas around the world, certain protected natural areas in Canada 

were established with the intent of perpetually protecting highly valued individual species and their 

habitats. The primary goal of protected natural areas management planning is to ensure that there is 

a clearly defined direction for the maintenance or restoration of ecological integrity and, in light of 

this primary goal, for guiding appropriate use of these areas.  Each of Canadaõs national parks is 

responsible for protecting ecosystems representative of the natural region within which it is located.  

Scott et al. (2002), Lemieux and Scott (2005), Scott and Lemieux (2005) and Lemieux et al. (2007) 

have drawn on a number of specific examples from protected natural areas management plans to 

highlight management implications of climate change at the individual protected area level.   

For example, the stated purpose of Prince Albert National Park is to, òProtect for all time the 

ecological integrity of a natural area of Canadian significance representative of the southern boreal plains and plateaux 

éó (emphasis added)  All six vegetation change scenarios examined by Scott et al. (2002) projected 

the eventual loss of boreal forest in this park, suggesting that the parkõs mandate would be 

unsustainable in the long term.  Similarly, Lemieux and Scott (2005) found that the stated purpose of 

Pukaskwa National Park to òéprotect, for all time, a representative sample of the Central Boreal Uplandsó and 

to protect woodland caribou using òspecial preservation areasó (Parks Canada, 1995) may not in fact 

be realized ôfor all timeõ as species begin to migrate northward in response to climate change.  

Finally, using Quetico Provincial Park as an example (also located in Ontarioõs boreal forest), 

Lemieux and Scott (2005) emphasized that the goal of the parkõs management plan to òéprotect a 

representative portioné [of]é modern biological environmentséassociated with site region 4Wó (Ontario Parks, 

1995) is operationally vulnerable to changing climatic and ecological conditions because of its stated 

commitment to protect ômodernõ biological environments.   

Ultimately, the ecological manifestations of climate change will be such that the established 

species management objectives of some protected natural areas will no longer be viable.  Other 

examples can be found in both federal and provincial/territorial management plans, including polar 

bears in Wapusk National Park and Polar Bear Provincial Park (Ontario) and woodland caribou in 

Nopiming Natural Park (Manitoba), Seager Wheeler Lake Representative Area (Saskatchewan) and 

Woodland Caribou Provincial Park (Ontario) [see Scott et al. (2002), Lemieux and Scott (2005), Scott 

and Lemieux (2005), Scott and Lemieux (2007) and Lemieux et al. (2007) for more examples].  In all 

instances, the established management and protection commitments inscribed in individual 

protected natural area management plans will no longer be sustainable and will require revision 

under changing climatic and ecological conditions.  
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Climate change also has potentially important implications for protected natural areas 

recreation and tourism which is an important mandate of many protected natural areas.  Visitation to 

Canadaõs protected natural areas is strongly influenced by climate.  Climate influences the physical 

resources (e.g., water levels, snow cover and wildlife species) that provide the foundation for 

outdoor recreation (e.g., boating, cross-country skiing, bird watching), defines when specific 

activities can take place (e.g., beach use, swimming) and influences the level of visitor satisfaction 

(Jones and Scott, 2006a and 2006b).  Canadaõs national and provincial parks are major resources for 

nature-based tourism and any changes in the length and quality of recreation seasons induced by 

climate change would have considerable implications for park visitation, revenue and management.  

Two recent analyses indicate that Canadaõs protected natural areas could experience an 

increase in visitors under climate change due to a lengthened and improved warm-weather tourism 

season (Jones and Scott, 2006a and 2006b).  Examining Canadian national parks specifically, Jones 

and Scott (2006a) found that overall visitation levels could increase 6 to 8% in the 2020s, 9 to 29% 

in the 2050s and between 10 and 41% in the 2080s, with the largest increases in visitation to occur 

during the spring and fall months as climate conditions become more suitable for a wide range of 

warm-weather recreation activities.  Some of the larger increases were projected for national parks 

located in more northerly locations, such as Pukaskwa (Ontario) (2020s: +12.2 to 22.6%; 2050s: 

+14.2 to 40.2%; 2080s: +16.4 to 58.8%) and Prince Albert (Saskatchewan) (2020s: +6.7 to 14.6%; 

2050s: 10.4 to 35.7%; 2080s: +11.7 to 55.1%).  Similar results were projected for Ontarioõs 

provincial parks (Jones and Scott, 2006b) where visitation could potentially increase between 11 and 

27% system wide in the 2020s and between 15 and 56% in the 2050s.  In the 2080s, the number of 

people visiting Ontarioõs provincial parks was projected to increase between 19 and 82%.   

Changes in the seasonal timing of increases in visitation will be an important issue for 

protected areas managers in Canada, since these changes will influence a range of management 

issues such as user-fee collection, environmental operations and staffing needs (Scott and Lemieux, 

2007). Protected area jurisdictions would benefit economically from increased visitors.  However, an 

increase in visitors during the peak tourism period will place extra strain on park resources that can 

be operating near capacity during summer months (Scott and Lemieux, 2007).  It is likely that more 

intensive visitor management strategies will be needed to offset ecological degradation and reduce 

potential conflicts among park users (Jones and Scott, 2006a). 

The evidence presented in this section underscores the importance and in some regions the 

immediacy of the climate change ôproblemõ facing biodiversity and the conservation thereof. 
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Representation-based protected natural areas system planning approaches are based on 

contemporary information about the distribution and abundance of natural features and share the 

fundamental assumption of climatic and biogeographic stability.  Compositionally speaking, current 

protected natural areas are essentially conserving a snapshot of biodiversity at a given space and time 

and therefore have a limited life-span when considering the long-term persistence of biodiversity 

under changing climatic and ecological conditions.  As the evidence presented in this Chapter 

overwhelmingly suggests, a growing body of research indicates that climate change will render this 

assumption untenable in the 21st century and beyond.  

It has been estimated that species are currently within a ôfirst-orderõ of ecological response to 

the modern anthropogenic global warming episode (i.e., adjusting phenotypes and minor 

adjustments in geographic ranges) (Barnoskey et al., 2003).  However, a growing number of authors 

contend that if climate change goes outside the bounds within which species and ecosystems have 

adapted to over the past several interglacial periods, widespread extinctions may result (Thomas et 

al., 2004; Parmesan, 2006; IPCC, 2007b).  Although there is much uncertainty over the timing, 

extent and manner in which ecosystems and other protected natural areas assets (e.g., tourism and 

recreational opportunities) might respond to evolving climatic conditions, this does not diminish the 

need for identifying, assessing and implementing adaptation options that could reduce the 

vulnerability of Canadaõs protected natural areas system (and the biodiversity contained within) to 

anticipated climate change. Indeed, many authors call for substantial investment in climate change 

adaptation by the conservation community (Hannah et al., 2002a; WWF, 2003a; Scott and Lemieux, 

2005; Lemieux and Scott, 2005; Welch, 2005; Hannah et al., 2005; Lovejoy and Hannah, 2005; 

Hannah et al., 2007).  

 

2.8 The Case for Climate Change Adaptation in the Protected Natural Areas 
Sector 
 

As previous discussions have shown, among the many challenges confronting protected 

natural areas agencies and organizations (e.g., habitat loss and pollution), climate change has 

emerged as a topic of significant concern internationally and in Canada.  The existing state of 

protected natural areas has largely been rationalized on the notions of ecological representation and 

stable heritage assets, usually within a defined political or eco-regional context.  This has resulted in a 

fixed assemblage of lands and waters housing elements of biodiversity.  Such approaches to 
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conservation, designed to protect species, ecological communities and natural systems in-situ, 

typically have not taken into account potential shifts in ecosystem composition, structure and 

function, especially those large scale, multifaceted and potentially non-linear changes which could be 

induced by global climate change.  

While there is significant uncertainty with respect to how ecosystems and species will 

respond to geographically varied magnitude, rate and type of climate change, this does not negate 

the necessity for protected area agencies to develop appropriate strategies of response (i.e., 

adaptations).  A laissez-faire approach to climate change adaptation could have significant 

consequences for biodiversity and could ultimately erode the foundations upon which biodiversity 

conservation has traditionally been based.  Moreover, because Earth is committed to some degree of 

additional anthropogenic climate change (IPCC, 2007a), even with aggressive greenhouse gas 

emission reductions, most of the ôresponse burdenõ will be placed on adaptation (Stehr and Von 

Storch, 2005).  Therefore, adaptation as a response to climate change will be imperative for 

protected natural areas agencies and organizations.  

 As there is no policy, planning and management analogue for protected natural areas 

agencies and organizations for dealing with the climate change impacts currently being experienced, 

adaptation will be a significant challenge for policy-makers and decision-makers.  Having said that, 

stable climates and ecosystems can no longer be assumed.  A proactive, strategic and coordinated 

response will be essential if agency mandates to protect elements of Canadaõs natural diversity for 

perpetuity are to be realized and if agencies are to take advantage of the associated benefits of 

climate change, such as the potential economic benefits associated with increased visitation.   

Important issues pertaining to the adequacy of protected natural areas system planning and 

management objectives under climate change scenarios, as well as the use of active management 

strategies, such as prescribed burning, species re-introduction and species translocation (i.e., assisted 

migration), will need to be addressed.  The major crux for protected area jurisdictions, agencies and 

organizations, therefore, will be how to go about identifying and evaluating various climate change 

adaptation options and efficiently and effectively mainstreaming these options into major program 

areas (i.e., policy, system planning and legislation; management direction; operations and 

development; research, monitoring and reporting; corporate culture and function; and education, 

interpretation and outreach).   

The following section examines the climate change adaptation issue with specific reference 

to protected natural areas.  First, the theoretical and practical foundations of climate change 
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adaptation are reviewed.  The distinctive features of adaptation are outlined (i.e., definitions, types 

and forms) and the common elements between adaptation-related concepts are described.  

Interspersed within this section are reviews of scholarship that contribute to the pragmatic 

application of adaptation in other sectors such as agriculture, water and forestry.  The goal of this 

review is to identify the conceptual and methodological foundations and practical aspects (i.e., 

barriers and opportunities) of adaptation important to successfully mainstreaming climate change 

into the program areas specific to the protected natural areas sector.  

 

2.9 Climate Change Adaptation  
 

In the context of the human dimensions of global change, various definitions of adaptation 

are found in the literature (e.g., Pielke, 1998; Smit et al., 1999; Smit et al., 2000; Brooks, 2003; Smit 

and Wandel, 2006) (Figure 23).  At the core of these various definitions, however, a unifying and 

dominant theme does emerge -- adaptation usually refers to a process, action or outcome in a system 

(e.g., sector, region, country) in order for the system to better cope with, manage or adjust to some 

changing condition, stress, hazard, risk or opportunity (Smit and Wandel, 2006)37  While bases for 

adaptation differ (Table 11), in general, adaptation measures serve to reduce vulnerability and increase 

resiliency in a system (Smit and Pilifosova, 2003).  Often considered as a government policy response, 

adaptations also involve decision-making at other levels, including at the business/industry, local and 

individual (Smithers and Smit, 1997; Smit and Skinner, 2002; Smit and Pilifosova, 2003).  Based on 

their timing, adaptations can be anticipatory (i.e., proactive or ex ante), concurrent (i.e., during) or reactive 

(i.e., responsive or ex post) to environmental change (Smit and Pilifosova, 2003).  Furthermore, 

depending on their degree of spontaneity, they can be autonomous or planned (i.e., strategic, active, and 

consciously planned responses which require or result from deliberate policy or planning decisions) 

(Frankhauser et al., 1999; Smit et al., 2000; Smit and Pilifosova, 2003).  While socio-economic 

systems have the capacity to adapt to climate change in an anticipatory manner, it is widely accepted 

                                                           
 
 

37 For consistency purposes, this dissertation adopts the definition of adaptation provided by the IPCC (2007b: 869) 
which is any òAdjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates 
harm or exploits beneficial opportunities.ó  
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that (unmanaged) biophysical systems are limited to autonomous and invariably reactive adaptations 

(Smit et al., 2000).  Part of the difficult challenge of protected natural areas agencies and 

organizations is to anticipate the autonomous adaptation of species and ecosystems and incorporate 

these into planned adaptations of protected natural areas policy and management.  

 

Table 11 Bases for differentiating adaptations. Modified from: Smit et al. (1999) and as 
presented in Burton (2008).  

 

ADAPTATION  

Based on Type of Adaptation  

Intent 

In relation to climatic 

stimulus 

Autonomous 

(e.g., unmanaged natural systems) 

Planned 

(e.g., public agencies) 

Action 

Reactive 

(post) 

(From observed 

modification) 

Concurrent 

(during) 

Anticipatory 

(ante) 

(prior modification) 

Temporal Scope 

Short term 

Adjustments, instantaneous, 

autonomous 

Long Term 

Adaptation, cumulative, policy 

Spatial Scope Localized Widespread 

 

A major concern for policy development is whether adaptation should be a matter of 

responding to climate change as it manifests (i.e., reactive) or whether steps should be taken in 

advance to anticipate the potential effects of climate change (i.e., anticipatory). While some 

adaptations will inevitably have to be reactive (i.e., in response to unexpected impacts), in general the 

literature suggests that laissez-faire approaches to adaptation have several potential drawbacks (see 

Burton 1996; Smit et al. 1996; Smith, 1997).  These drawbacks include the possibilities that: (i) 

forced, last-minute, emergency adaptation or retrofitting will be less effective and more costly than 

anticipatory or precautionary adaptation over the long-term (e.g., see Stern Report, 2006); (ii) climate 

change may be more rapid or pronounced than current estimates suggest and, consequently, may 

result in increased vulnerability of socio-ecological systems to unexpected events (e.g., see Pittock et 

al., 2006); and (iii) not adapting now may result in irreversible impacts (e.g., species extinction) (e.g., 

see Thomas et al., 2004).  Furthermore, some forms of adaptation will require considerable lead-
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time, especially where major policies, institutional changes or innovations are required (Smit et al., 

1996).  In such cases, institutional changes would need to be devised and implemented in advance in 

order to offset the effects or even take advantage of an abrupt, expected or unexpected climate 

change event. 

Figure 23 Adaptation in the climate change issue.  Source: Smit and Pilifosova (2003: 2).  

 

 

    

Smit and Pilifosova (2003) identified three interrelated developments in the field of climate 

change adaptation: (i) the recognition that key adaptations are less often related to changes in long-

term averages and more often related to extremes; (ii) the importance of identifying vulnerabilities 

and linking adaptive management options to decision processes already in place (i.e., strengthening 

an ongoing process to deal with cumulative risks); and (iii) the promotion of adaptive capacity in 

human agency (i.e., the capacity to prepare for, avoid or moderate and to recover from climate 

change effects).  Adaptation is intimately associated with the concepts of ôvulnerabilityõ, ôadaptive 

capacityõ and ôresilienceõ.  Adaptive capacity is reflective of a systemõs coping range and is shaped and 

constrained temporally (i.e., it is dynamic and flexible) with changes in socio-economic, political and 

institutional conditions (Figure 24) (Smit and Pilifosova, 2003; Smit and Wandel, 2006).  A systemõs 

coping range is defined by the conditions that a system can deal with, accommodate, adapt to and 

recover from (de Loë and Kreutzwiser, 2000; Smit et al., 2000; Smit and Pilifosova, 2003).  Similarly, 
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vulnerability and its elements of exposure, sensitivity and adaptive capacity and their determinants 

are dynamic (i.e., they vary by type and from stimulus to stimulus and are place- and system-specific) 

(Smit and Wandel, 2006).  

While vulnerability and adaptive capacity have been increasingly connected with eachother, 

the resilience knowledge domain, which has a background in ecology and mathematics with a focus 

on theoretical models (see Holling, 1973), has been less integrated (Janssen and Ostrom, 2006). 

However, the concept of resilience is integral to the conceptual framework used to study climate 

change adaptation. The resilience perspective emphasizes non-linear dynamics, thresholds, 

uncertainty and surprise, and examines how periods of gradual change interplay with periods of 

rapid change and how such dynamics interact across temporal and spatial scales (Folke, 2006). With 

respect to climate change, biodiversity and protected natural areas, the resilience concept further 

challenges the ôdominant stable equilibrium approachõ (i.e., ôrepresentation- or enduring features-

basedõ system planning approaches) used by protected natural areas agencies worldwide to protect 

for perpetuity ecosystems and species of significance.  The resilience perspective shifts policies from 

those that aspire to control change in systems assumed to be stable, to managing the capacity of 

social-ecological systems to cope with, adapt to, and shape change (Berkes et al., 2003; Smit and 

Wandel, 2006).  Folke (2006) emphasized that resilience is not only about being persistent or robust 

to disturbance ð it is also about the opportunities that disturbances open up in terms of 

recombination of evolved structures and process, renewals of the sysem and emergence of new 

trajectories.  Walker et al. (2004) and Adger et al. (2005a) have argued that managing for resilience 

enhances the likelihood of sustaining desirable pathways for development in changing environments 

where the future is unpredictable and surprise is likely (such as that under rapid climate change).  

In broad terms, a systemõs adaptive capacity, vulnerability and resilience are all functions of 

various dynamic factors acting synergistically.  These factors include: (i) the range of available 

technological options; (ii) available resources (and the distribution of resources); (iii) the structure of 

critical institutions (and the criteria used for decision-making); (iv) human and social infrastructures; 

(v) access to risk-spreading mechanisms; (vi) access and ability to create credible information; and 

(vii) the publicõs perception of the significance of the impact (Yohe and Tol, 2002).  In this context, 

Diaz and Gauthier (2005) emphasized that the adaptive capacity of public institutions is related to 

their ability to anticipate problems and to manage risk and challenges in a way that balance social, 

economic and natural interests.  Moreover, Adger and Vincent (2005) make the important point that 
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the degree of uncertainty in determining vulnerability and adaptive capacity, as potential future 

states, is of similar scope and dimension to the uncertainty involved in future climate projections.  

Figure 24 Climate change, extremes and coping range. Sources:  Smit and Pilifosova (2003) 
and Smit and Wandel (2006).  

 

 

  

There are many forms of adaptations and these can be classified in different ways 

(depending on who or what is adapting), such as timing relative to the stimulus (e.g., anticipatory, 

concurrent, reactive), intent (e.g., autonomous, planned), spatial scope (e.g., local, widespread) and 

form (e.g., technological, behavioural, financial, institutional, informational) (Smit et al., 2000; Smit 

and Skinner, 2002; Smit and Pilifosova, 2003; Smit and Wandel, 2006; Burton, 2008) (refer back to 

Table 11).  It is also possible to distinguish adaptations according to the degree of adjustment or 

change required from (or to) the original system (Risbey et al., 1999).  Scholarship has recently 

progressed from identifying types and forms of climate change adaptation to focusing on specific 

adaptation options or measures for a particular system subject to climate change stimuli (Smit and 

Wandel, 2006).  The process of incrementally integrating climate change into policy, planning and 
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management programs is often referred to as ômainstreamingõ (Smit and Wandel, 2006; IPCC, 

2007b; Klein et al., 2007; Burton, 2008).   

 

2.9.1 Institutional and Sectoral Experiences with Climate Change Adaptation  
 

Traditionally, policy interest in adaptation as a response to climate change has been 

considerably low and often even absent (Burton et al., 2006; Burton, 2008).  To the extent that 

adaptation has been present in policy at all, it has primarily been in the context of mitigation 

negotiations (Burton et al., 2006).  As Prins and Rayner (2007: 975) emphasized in this context òthe 

policy community suppressed discussion of adaptation out of fear that it would blunt the arguments for greenhouse-gas 

mitigation.ó  More recently, however, interest in adaptation as a legitimate policy response has 

increased in recognition of the following factors: (i) the realization that climate change is indeed 

occurring; (ii) climate change impacts are being observed; and (iii) the inevitability of future climate 

change even with aggressive GHG emission reductions (see previous discussions in this Chapter) 

(Smit and Wandel, 2006; Burton et al., 2006; Burton, 2008).  Moreover, faced with imminent 

warming, adaptation has a faster response time, a closer coupling with innovation and incentive 

structures, and thereby confers more protection more quickly (Prins and Rayner, 2007).    

Early adaptation analyses focused on estimating the degree to which modelled impacts of 

climate change scenarios could be moderated or offset by ôadaptation to the impactsõ (Smit and 

Wandel, 2006).  However, as Smit and Wandel (2006: 284) emphasized, this work characteristically 

did ò...not empirically investigate adaptations, examine the actual processes of adaptation or adaptive capacity, explore 

the conditions or drivers that facilitate or constrain adaptations, or document the decision-making processes, authorities 

and mechanisms involved in adaptation.ó  The major limitation of such studies, the authors noted, is that 

they rarely investigated the processes through which adaptation measures are undertaken, either in 

light of climatic change specifically or as part of policy and decision-making processes to which 

adaptations to climate change might relate (Smit and Wandel, 2006).  

Climate change adaptation scholarship has incrementally moved from theoretical adaptation 

towards examining pragmatic adaptation and a number of Canadian resource management-specific 

case studies now exist primarily within the agricultural (e.g.., Smit et al., 1996; Bryant et al., 2000; Smit 

and Skinner, 2002), water (e.g., de Loë and Krutzwiser, 2000; de Loë et al., 2001; Ivey et al., 2004) 

and forestry (e.g., Spittlehouse et al., 2003; Spittlehouse, 2005; Ohlson et al., 2005; Johnston and 

Williamson, 2007) sectors.  While it is beyond the scope of this review to examine each of these case 
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studies comprehensively, outlined below are some of the commonly noted drivers, barriers and 

constraints, enabling factors and broad lessons learned that have influenced the institutional 

adaptation process in these sectors (Table 12).  As subsequent reviews will reveal, there has been a 

limited contribution from the protected natural areas sector thus far to this literature.  

Based on an extensive review of practical applications of climate change adaptation, Smit et 

al. (2000: 241) concluded that òé adaptation tends to be incremental and ad hoc, to assume multiple forms, to 

be in response to multiple stimuli (usually involving a particular catalyst) and to be constrained by economic, 

technological and socio-economic conditions.ó  Empirical results from the literature suggest that many factors 

shape the character of adaptation experiences and processes, including: i) interpretation of the signal 

relative to context; ii) newness of the approach; iii) consumer values; and iv) local and provincial 

political agendas (Shepherd et al., 2006).  As such, it is often the current context unrelated to climate 

change that can encourage or prevent adaptation.  

One of the ôearlyõ studies pertaining to climate change adaptation and adaptive capacity by 

Tol et al. (1998) revealed a number of shortcomings that are very much still largely relevant today, 

including: i) making simple assumptions about adaptation (e.g., assuming complete changes in 

behaviour); ii) neglecting or ignoring the costs and feasibility of transition (which will be a transitory, 

not an equilibrium process); iii) seldom reporting the consequences of policy options; iv) assuming 

that maintaining certain conditions is optimal despite the fact that different standards may be 

optimal in a future climate; v) assuming that the wants, needs, constraints, preferences and motives 

of societies will be the same in the future as they are now; vi) lacking comparative analysis; and vii) 

assuming perfect foresight and ignoring the propensity for rapid, unexpected events.  
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Table 12 #ÏÍÍÏÎ ÂÁÒÒÉÅÒÓ ÁÎÄ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÁÄÁÐÔÁÔÉÏÎ ɉȬÍÁÉÎÓÔÒÅÁÍÉÎÇȭɊ based on  the extant literature.  

Governance  
Policy, Planning  
& Management  

Human &  
Financial Capital  

Informational  

 

 ôpolitical discontinuityõ: short political 
and funding horizons (expectation of 
realizing return on investments) impede 
long-term approach to adaptation  

 

 high turnover of governments and loss 
of key ôchampionsõ:  mean the loss of 
skills and capacity as well as the political 
will to continue with adaptation  

 

 poor coordination and integration: 
between levels of governments, between 
relevant departments and across 
geographic scales 

 

 ôspatial spilloverõ of actions: which 
potentially increase impacts on others or 
reduce their capacity to adapt not well 
understood 

 

 institutional fragmentation:  climate 
change adaptation isolated from other 
agendas due to its institutional location 
usually within ôenvironmentalõ ministries 
and departments 

 

 not engaged with scientific community   
 

 general unwillingness to involve 
stakeholders in policy-making processes 

 

 more immediate perceived 
problems/issues 

 

 unwillingness to accept/incorporate 
uncertainty into decision-making 

 

 unknown roles and responsibilities and 
general lack of awareness by policy-
makers about risks posed by climate 
change, and how these relate to other 
mandates and management priorities 

 

 lack of supportive policies, standards, 
regulations and design guidance 

 

 existing legal or regulatory restrictions 
 

 low priority item in the course of daily 
duties (thus operating on short- to 
medium-term planning horizons for 
both political and financial reasons) 

 

 institutional and policy barriers (no 
requirements for adaptation strategies 
nor are there guidelines and  sufficient 
experienced personnel to aid in such 
activities) 

 

 no authority to select let alone 
implement adaptive measures 
 

 

 funding unrealistically low 
 

 competition for public funds 
 

 uncertainty of future markets 
 

 lack of incentives for climate change 
adaptation actions beyond that 
currently available  

 

 lack of internal expertise in climate 
change science, including risks and 
vulnerabilities, and experience with 
adaptation 

 

 ômainstreaming fatigueõ experienced by 
those actually engaged in climate 
change adaptation issue 

 
 

 

 uncertainty in magnitude and timing of 
future climate change and impacts 

 

 appropriate tools not readily available 
for decision-making and implementing 
organizations 

 

 limited knowledge of  risk and 
vulnerability  

 

 limited access to climate risk 
information 

 

 lack of information at scales relevant to 
different stakeholders 

 

 data sharing at all levels, between 
jurisdictions, and across scales is 
generally non-existent or poor 
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Judging the success of adaptations at different institutional and geographical scales, Adger et 

al. (2005b) concluded that: i) the integration of adaptation actions and policies across sectors 

remains a key challenge to achieve effective adaptation in practice; ii) the dynamic linkages between 

levels of governance are not well-understood; and iii) the politics of the construction of scale (and 

the negative externalities and spatial spillovers which potentially increase impacts on other or reduce 

their capacity to adapt) are often ignored in climate change adaptation analyses.  Similar to Adger et 

al.õs (2005b) later conclusions, de Loë and Kreutzwiser (2000) emphasized that the distributional 

inequalities of benefits and costs within specific resource use sectors (issues related to jurisdictional 

and legal authority) and across various institutional and geographic scales will challenge the social 

acceptability, and even the political realism, of certain adaptation options.  

While there are significant barriers and challenges associated with formulating and executing 

an effective response to the climate change issue (such as those noted in Table 12), a number of 

useful principles and criteria necessary for the development of effective anticipatory adaptation 

policies have been identified.  The use of the ôprecautionary principleõ or ôno-regretsõ actions can 

help decision-makers identify policy options which respond to the concerns about the costs of 

action, possibility of maladaptation and scientific uncertainty (Smith et al., 2001; de Loë et al., 2001).  

The Stern Report (2006) also emphasized that it is more economical to take measures that are 

proactive and support no-regrets measures. While they may not be sufficient on their own, no-

regrets measures are consistent with sound environmental management (i.e., sustainable 

management) and wise resource use and are beneficial and cost effective even in the absence of 

climate change (Asian Development Bank, 2005).  

Smith (1997) stressed that policy should be ôflexibly designedõ to enable quick adaptive 

responses under a variety of conditions (i.e., given uncertainty).  Characteristics of a flexible policy 

would include its ability to be ôrobustõ (i.e., able to function under a wide range of conditions) and 

ôresilientõ (i.e., a system that can quickly repair or adapt itself after a perturbation) [Smith (1997) and 

see previous discussion].  Consistent with the concept of flexibility, de Loë et al. (2001) emphasized 

that adaptations should be ôreversibleõ given the considerable uncertainty associated with future 

climate change impacts. Smit et al. (2000) recommended that future climate change adaptation 

analysis should: (i) address real local vulnerabilities (to ensure that stakeholders buy into the issue); 

(ii) involve real stakeholders early and substantively (to increase the likelihood that adaptation 

options are realistic and designed to be consistent with existing institutions and processes); and (iii) 
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connect with local decision-making processes (so that adaptation initiatives are developed relative to 

other conditions and have the best chance of actually being implemented).  

While the pragmatic literature on climate change adaptation to date does provide a number 

of generic concepts upon which to evaluate the merit of various adaptation options (e.g., costs, 

benefits, equity, efficiency, urgency and implementability), overall, there is considerable semantic ambiguity 

associated with their definition and operational contexts.  This has invariably limited adaptation 

understanding and action-to-date by those actually responsible for decion-making and policy-

development.  Moreover, the pragmatic realities of climate change adaptation options, including the 

temporal dimensions and dynamic aspects of the system under consideration and the nature of 

cross-scale relationships, commonly are not addressed explicitly in the literature (Füssel and Klein, 

2005).  Smit et al.õs (1996: 12) statement over a decade ago that òFew impact studies have explored actual or 

reported adaptive responses to climatic perturbationsé In particular, the distinctions between short- and long-term, 

consequential and purposeful, tactical and strategic, autonomous and planned adaptations have rarely been addressed 

empiricallyó is thus still very applicable today.   

The most common and important limitations that can be extrapolated from the extant 

adaptation literature are: (i) the lack of guidelines and robust methods that can be used by 

institutions in their efforts to transform capacity into action; and (ii) very little scholarship has been 

completed on identifying the principles and evaluation mechanisms that characterize successful 

institutional adaptation to climate change (ex poste evaluation, after uncertainty has been resolved) 

(Burton, 2008).  Given the limitations and broad challenges related to climate change adaptation, 

there is a salient need in the literature not only to systematically characterize the likely adaptations of 

a system, but also to evaluate the merit of their utility (i.e., in terms of desirability and feasibility) and 

to identify the required mechanisms for their implementation (i.e., who would be involved, time 

frame of implementation, resource acquisition and other aspects required to facilitate or encourage 

their adoption) (Smit et al., 1999).  This is the focus of Chapter 4 of this thesis.  

 

2.9.2 Guidelines fo r Helping Shape Adaptation Policies  
   

Given the challenges noted in Table 12, to assist in the process and implementation of an 

adaptation policy, several scholarly articles and international organizations have prepared tools or 

guidelines to help facilitate adaptation policy formulation.  Burton et al. (2002: 146) defined what is 

meant by climate change adaptation policy, stating that òClimate change adaptation policy refers to actions by 
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governments, including legislation, regulations and incentives to mandate or facilitate changes in socio-economic systems 

aimed at reducing vulnerability to climate change, including variability and extremes.ó  Changes can be made in 

practices, processes or structures of systems in response to projected or actual changes in climate (Burton 

et al., 2002).   

 The United Nations Development Programme (UNDP) has prepared a comprehensive 

usersõ guidebook entitled Adaptation Policy Framework (UNDP, 2004) which includes a series of 

technical papers, case studies and related tools and resources designed to provide technical guidance 

to stakeholders for developing and assessing climate change adaptation policies and measures.  Four 

guiding principles underpin this framework:  

 

i) Placing adaptation in a development context; 

ii) Building on current adaptive experience to cope with future climate variability; 

iii) Recognizing that adaptation occurs at different levels ð in particular, at the local level; and  

iv) Recognizing that adaptation will be an ongoing process (UNDP, 2004). 

 

Similarly, the Asian Development Bank (2005) developed a set of guidelines to facilitate the 

implementation of adaptation policies (Table 13).  While these guidelines are not natural resource 

management specific and were primarily devised for developing countries, they are relevant to the 

protected natural areas and biodiversity conservation sector.  This framework aims to enhance the 

adaptive capacities of stakeholders and their resilience to climate change and variability.   The 

overarching goal of the risk-based approach to climate change adaptation is to manage both current 

and future risks associated with actual and potential climate hazards.  The case studies within the 

guidebook identified three levels of adaptation activity: (i) project/community level; (ii) sector level 

(e.g., natural resource management); and, (iii) policy and planning at regional/national levels.  

Both the UNDP (2004) and the Asian Development Bank (2005) frameworks recognize the 

continuous process-nature of adaptation (i.e., the adaptive management process), and the role of 

human agency, choice and values.  They also recognize that many decision-making processes are 

occurring at different scales with different agendas, and are occurring simultaneously each 

influencing the other through time (UNEP, 2008).  Such guidelines can be used by protected natural 

area agencies and conservation-oriented civic agencies to help tailor, implement and evaluate their 

own adaptation strategies.  
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Table 13 Guidelines for adaptation mainstreaming . Adapted from: Asian Development Bank 
(2005). * = adaptation guidelines particularly relevant to the protected natural areas sector.  

 

A. Guidelines Relating to the Principles Underpinning the Mainstreaming of Adaptation  

 
Guideline 1: Manage Climate Risks as an Integral Part of Sustainable Development* 
Guideline 2: Ensure Intergenerational Equity Related to Climate Risks 
Guideline 3: Adopt a Coordinated, Integrated and Long-term Approach to Adaptation* 
Guideline 4: Achieve the Full Potential of Partnerships*  
Guideline 5: Adaptation Should Exploit the Potential of Sustainable Technologies* 
Guideline 6: Base Decisions on Credible, Comparable and Objective Information* 
Guideline 7: Maximize the Use of Existing Information and Management Systems*  
Guideline 8: Strengthen and Utilize In-country Expertise* 
Guideline 9: Strengthen and Maximize Use of Existing Regulations, Codes, Tools*  
 

B. Guidelines Relating to Enhancing the Enabling Environment for Adaptation  

 
Guideline 10: òClimate Proofó Relevant Legislation and Regulations* 
Guideline 11: Strengthen Institutions to Support the òClimate Proofingó of Development 
Guideline 12: Ensure Macroeconomic Policies and Conditions Favour òClimate Proofingó 
Guideline 13: Ensure Favourable Access to Affordable Financing of òClimate Proofedó Development Initiatives 
 

C. Guidelines Relating to the Process of Mainstreaming Adaptation  

 
Guideline 14: Characterize Climate-Related Risks that Require Sustained Attention* 
Guideline 15: Replicate the Knowledge, Motivation and Skills that Facilitate Successful Adaptation * 
Guideline 16: Enhance the Capacity for Continuous Adaptation* 
Guideline 17: Ensure òClimate Proofingó Activities Complement Other Development Initiatives 
Guideline 18: A Process of Continual Improvement in Adaptation Outcomes* 
 

  

 
2.9.3 Climate Change and Protected Natural Areas Adaptation  
 
2.9.3.1 International Calls for Adaptation  

  

At the first Conference of the Parties (COP)38 to the United Nations Framework Convention on 

Climate Change (UNFCCC) in 1995, the parties established a three-stage framework for addressing 

adaptation. Stage 1, to be carried out in the ôshort-termõ, was to focus on identifying the most 

vulnerable countries or regions and adaptation options. Stage 2 was to entail implementing measures, 

including capacity building, to prepare for adaptation. Stage 3 was to entail implementing measures to 

                                                           
 
 

38 All decisions related to the UNFCCC COP can be found at: http://unfccc.int/2860.php.   
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facilitate adaptation.  The response of the international biodiversity and protected natural areas-

oriented communities to the challenge of climate change has visibly increased over the last half-

decade.  Figure 25 presents a timeline of major international events and activities related to climate 

change, biodiversity and protected natural areas with specific reference to the Convention on 

Biological Diversity (UNCBD) and the World Commission on Protected Areas (WCPA).  Broadly 

speaking, efforts to date have centered primarily on Type 1 activities (identifying vulnerabilities) and 

have, on occasion, (conservatively) explored Type 2 type activities (i.e., capacity building) more often 

concurrently than sequentially.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

86 

 

Figure 25 Timeline of major international events and activities related to climate change, biodiversity and protected areas.  

 


