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Abstract

Climateis a major catalyst of change in the composition, structure and function of the
Ecosphere Empiricalstudiesof species response to climadasistently reveal that the anomalous
warming occurring over roughly the past-deadfury is having a disabfe impact on
contemporary biodiversitZlimate 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 conservatioa ¢ the major modern rationate
behindformal protected natural areas establishnm@abtning and magement However, most
protected natural areas have been designed to prqteqtetuityspecific natural features, species
and communitiesrsity and dondét take into account shifts
function thatare beingnducd by climatic chang&he ecological manifestations of climate change
will be such that the established species management objectives of some protected natural areas wil
no longer be viable. Consequeptigtectechaturalarea agenciewill need to be adaptireorder
to be able to respond to climate chandecedimpacts andmprovetheir abilityto deliver their
various protected natural araad biodiversityelated mandates, such as the perpetual protection of
representative elemts ofnatural heritage.

The principal goal of this dissertatizas tobegin the process of climate change adaptation
(mainstreaming) within the Canadian protected natural areas contheuwaltyfacilitatingthe
ability of jurisdictions, agencies anganizations to adapt to climate chaatzed impacts and
implement adaptation decision3.o realize this goal, four objectives were formulated: i) to
synthesize thstate of knowlextgelimate change, biodiversity and protected natural areas policy,
planning and management; ii) to establissidke of climate change addégiaespect to Canadian
protected natural areas agencies; iii) to assess thepositiemtrioritieendchallengégsandbarriers
to, Canadian protected natural areas agencies with respect to climate change adaptation; and iv) to
develop aclimate change adaptation pordfaialuatéhe suitability ofthe portfolio for
implementation by a Caraaprotected natural areas ageDnoyario Parks.

Theresearcheveatdthat while mainstreaming climate change into protected natural areas
policy, planning and management will be essential for the persistence of biadidetisey
continued viabilitgf currentplanning and management practceer a changing climate, there is
aclear disconnebetween the perceived salience of climate change and a lack of available resources



(e.g., financial resources and staffing)samhtificcapacity required to respond to the issue.
Moreover, the limited protected natural areas climate change literdatee gmvides little
guidance to the planners and managers of already established protected natural areas, Accordingly
there isan indicated need to assinadian protected natural aeggscies in the identification and
evaluationof adaptation options as a strategic starting point in working towards mainstreaming
climate change intelevanprogram areas.

In response to this indited need, policy Delphisurveymethodwasusedto facilitate the
identification and evaluatiohadaptatiomptionstailored specifically to Ontario ParRspanel of
protected natural areas experts identlfdcadaptation optionwithinOnt ar i eixnid@r k s 0
program ared§) Policy,SystenPlanning& Legislation(ii) Managemerirection;(iii) Operations
& Development(iv) Research, Monitoring Reportingjv) CorporateCulture& Function; andvi)
Education,Interpretation& Outreach)in the firstiteration of thepolicy Delphi Adaptation
options weresubsequentlgvaluatedndividually for their perceived level of desirability, feasibility
and implementation tirfeame bythe panelia asecond iterationf the policy Delphi In so
doing, he researchvaluatedhe relative merit (or practicality) of alternative adaptation options in
these program areas in order to help identify priorijrgéorded adaptationfor consideration
in an official climate change adaptaticategypy Ontario Parks

The research provides solid conceptual and methodological framework with important
practical 0l essons |l earnedd that wild.l hel p Ce
address and begin mainstreaming clioatege 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 Canadiected natural arepsisdiction
represembg a significant contribution to th@motected natural aregtanning literature at the

sciencgolicy interface.
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Chapter 1
Dissertation Problem Statement, Goals
and Objectives and Outline






1.1Problem Statement

The last two decades have witnessed the greatest global expdosmal pmotected
natural areasompared to any other in the era of human history. Area set aside for conservation
more than doubled during this period and now
area (WCPA, 2008). In Canada, total surface area protected currergiyl@Xgeenaimpared to
approximately 4% in 1987 (Dearden and Dempsey, 2004, WCPA, 2€§8je this increase in
overall protected area, there has been increasing concern amongst international and national
agencies and organizations over the loss of bgigiverhis concern has been reflected globally in
the ratification of théJnited NatiorSonvention on Biological DjUNSIBD) by 189 countries
(UNCBD, 1992). In Canada, concern over loss of biodiversity has led to the development of the
Canadiani@liversity Straf€®5, 1995), the release of several nationgirbfdgé reports indicating
the decline of ecological integrity within national parksHargBow Valley Stu@®96) and
Unimpaired for Future Generations? ProtectingtEeofpgidaltly wi t h C@arksd ad s
Canada, 2000)] and other more recent provincial biodikededrd initiatives, includifgotecting
Wh a 't Sustains Us: (MNR, 2005) and@aringBor dlatural Envirenmenys: ASt r
Biodiveri t y Acti on Pl an 2009)G&ersnerd df Saskatohawa® 2004F.ut ur e

Despite these initiatives, global estimates of species extinction suggest that approximately
400 to 500 vertebrates, 400 invertebrates and 650 plant speciesomawektinct 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 (IUCNRed Listfdrhreatened Spectetal 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 paral | eMillenniumeogfcal ndi ng

Assessmemth i ch reported that 60% of t he worl dods

! The terms park, protected arpeotected natural areamd reserve will be used interchangeably throughout this
dissertatioto denoted an area of | and and/ or sea ebolpgea diersitly,yanddfe di c
natural and associated cultural resources, and managed through legal .6r(lotodN, efttive ThisaldCN
definition is recognized llge Government o€anada (Government of Canada, 200 degree of protectio
afforded to protectedaturalareasn Canadaaries widely and they take many different forms and functions [see
Palecznyt al(2000)and Grayet al(2007¥or a revieyw

2 Thetotalnumber of protected areas in Canada has irti€8sesince 200Government 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 rg&gadiyersont al 2002). As of 2007, 13

species have been declared extinct in Canada and a further 539 are currently considered to be
0endanger edd, of O6speci al concer r84sinéet200t)e at en
(COSEWIC, 2001 arh07).

Climate plays a crucial role in determining the geographic distribution patterns of plant and
animal species (Holdridge, 1987; UNCBD, 2003). IRoitgh Assessment R&pv4j, the
Intergovernmental Panel on Climate Change (IPCC) estinztgidbal 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 @logical signals of climate change impacts (e.g., Hughes, 2000; McCarty, 2001,
Parmesan and Yohe, 2003; Ra@tl.2003; CCME, 2003; Parmesan and Galbraith, 2004; Bbunds
al.,2005; Waltheet al.2005; Parmesan, 2006; IPCC, 2007b) and, alarmimgiie change has
been implicated in sevesgkecieextinctions (Poundst al..1999, 2005 and 2006; Thoreasl.,

2006; Parmesan, 2006), a phenomenon projected to be exacerbated in the futuret (@homas
2004; Bomhardt al.2005; Schwartt al.2006; Parmesan, 2006; IPCC, 2007b).

The IPCCAR4 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 plmlity of exceeding the IPA®Gird Assessment REFIR) mid
range scenario (+3.0°C) has increased (Pittock, 2006). In Canada, projected increases in temperature
by mostAR4 scenarios are more than double the global average (PCIC, 2008). Sushrincrease
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; Roet al.2003; Thomast al.2004; Leejoy and Hannah, 2005; Parmesan, 2006;

IPCC, 2007pHuntley, 2007 . 't has been projected that bet
could beo c o mmi t t e dlue tocclimate ¢hangechyy R06M (Ondeframige climate change
scenarios andithouthe consideration of future habitat loss) (Thahak2004). The IPCBR4

similarly estimated thgbtpaoximately 20 to 30% of plant and animal species assessed so far are
likely to be at increased risk of extinction if increases in global avepatsums exceed 1.5 to

2.5°C (IPCC, 2007b)in Canada, the required migration rates (RMRs) of several forest species
woul d need to be O1,000 m/year i f they are

anticipated over the 21st century (Maletla).2002). Furthermore, the recent listings of two coral
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species, staghoriAdgropora cervigoamsl elkhorn Acropora palmatnd the polar beatJ(sus
maritimyis as Ot hr e at eEndaméred SpeccaI) have enarked tBe.first timay
nation has listedpecies due to climate charedated 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.

Biodwersity conservationase ofthe most importanmodern rationasdehind protected
natural areas establishment, planning and management. Concomitantly, protected natural areas are
the most common response mechanism to biodiversity loss and arercatiddrfthe United
N a t i Gomvention on Biological VBIGIBD, 1992: Article 8). However, most protected natural
areas have been designed to protect specific natural features, species and coraitquaitees
dondt t ak e i n teoosysteenccompaosition,sstnuctdré a&nd function that could be
induced by climatic change. In this context, a recent report by the IUCN emphasizedtltat e c t e c
areas managers €& cannot €& ful fi |l Weptaonand danage e s
for a worl d (WG@PA&and ICON, P00 I Argrovang husnbes af authors worldwide
contend that climate change has the potential to undermine over a century of conservation efforts
(Rutherfordet al.1999; Scott and Slirig, 2000; Scott al.2002; Hannalet al.2002, 2005 and
2007; Hossedit al.2003; Télle¥aldés and Davdaranda, 2003; Hannah and Salm, 2005; Lemieux
and Scott, 2005; Scott and Lemieux, 2005; Welch, 2005; Pyke and Fisher, 205! 2@%p
Thuiller et al., 2006a and 2006b; Hare$@h.2006; Scott and Lemie@007; Lemieugt al.2007;
Hannahet al.2007 Huntley, 2007

Changes in ecosystem composition, structure and function brought about by climate change
over the course dhe 21stentury 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 ktgdaycioufacilitating
the longterm adaptation of biodiversity to climate chamdgptatiostudiesspecifio protected
natural areas remain limited (Seb#l.2002, emphasis added). Despite repeated requests by the

international biodiversity apdr ot ect ed nat ur al ar édimatecangsu ni t vy

SMai nstreamingd refers to t he-makinggaesseteéKieinet a.2007¢ IAs mat e ¢
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 degisading, but rather is considered as one element of integrative
analysiand policy development.
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into protectednaturalarea planning, management strategies and the design of proteded area
systems (e.g., WCPA, 2003; UNCBD, 2003, 2006 andn20flithate 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 diffdrentire to meet the

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

1.2Goals and Objectives

In an effort to better understand and address the challenge described in the previous section,
thisdissertatioseeksd accomplish several tasks. The principal goal disgestatioms tobegin
the process of climate change adaptation (mainstreaming) within the Canadian protected natural
areas communittherebyfacilitatingthe ability of jurisdictions, agencies and organizations to adapt
to climate changelated impacts and implement adaptation decisionsdisHeidatiorexpands
upon recent research which has primarily focused on the potential impacts and patigyanmanni
management implications of climate change for Canadian protected natural areas jurisdictions (e.g.,
Scottet al.2002; Lemieux and Scott, 2005; Scott and Lemieux, 2005; Welch, 2005; Scott and
Lemieux, 2007.emieuwxet al.2007 and contributes tmainstreaming climate change into the six
major planning and management program areas specific to Ontario Parks [i.e., (i) Policy, System
Planning & Legislation; (i) Management Direction; (iii) Operations & Development; (iv) Research,
Monitoring & Reporg; (v) Education, Interpretation & Outreach; and, (vi) Corporate Culture &
Function]. To realize this goal, flgectivesve been formulated:

i) to identifythe Canadiaprotected natural arepslicy, planning and management
sensitivitiggh respetcto climate chandaith emphasis on Ontario Parks)

i) to synthesize thetate of knowlesgelimate change, biodiversity and protected
natural areas policy, planning and management;

iii) to establish thstate of climate change adsfhatspect t€€anadian protected
natural areas agencies;

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



v) to develop alimate change adaptatiohogiod evaluatbe suitability of these
adaptation options for implementation by a Canadian protected natural areas
agency (Ontario Parks).

In doing so, thiglissertations the first known attempt to identify and evaluate climate
change adaptation options specifically tailored to a protected natural areas jurisdiction.
Furthermore, thiglissertationpresents a framework that helps achieve expert consensus on a
complex isue that has no policy analogue and is confounded by significant uncétthiley
adapting to climate change will be a multifarious and incremental process for protected natural areas
agencies, this dissertation marks a significant progression tbevategetopment 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 changkey do, however, offer a solid conceptual and
met hodol ogi cal framewor k with i mportant prac
protected natural areas jurisdictions understand, address and begin mainstreaming climate change
into policy, planng and management decisimaking andvork towards achievingpbjectives
inscribed within international treaties such adJtiited Nations Convention on Biological Diversity
(UNCBD)* and theUnited Nations Framework Convention on ClinfdidFCI@0ge

1.30utline

This dissertation has been organized fint® chapters, comprising four main parts:
Introduction; Literature Review; Analysis; and Conclusions. A schematic diagrdissefitieon
layout is presented in Figure 1. Following this inttody 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 mceeds 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 PgEi@R)to the UNCBD recognized the need for Parties to
0Ol ntegrate <c¢climate change adaptation measuctedsared n pr o
s y s t(deais®n \BI/28/Goal 1.4.5)



frameworks. The Chapter concludes with a synthesis specifically pestahimgte¢ 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 secéire 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 sectoraadaptation barriers are explord@dhe analysis presented in Chapter 2 sets the climate
change O6problemd6 in context thereby establish

(i.e., the need for climate change adaptation in Gamada at ur a l protected nat

Figure 1Schematic of dissertation layout.
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Given the policy, planning and management sensitivities and challenges set out in Chapter 2,
a national survegf all federal and provincial/territorial jurisdictions and a number of leading
environmental negovernmental organizations (ENGOs) responsible for the establishment,
planning and management of protected natural areas was conducted in Chapter 3dst@ssess th
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 issuetofeterfprotected natural
areas. Climate change was recognized as an issue of high priority in BesingssitP(QCEA,
2004) and its importance was further highlighted by all Canadian protected natural areas jurisdictions
participating in a rent CCEA Northern Protected Areas (NPA) survey (Wiatsaif005). The
purpose of this survey was to: i) determinelitmate change impacts currently occurring and are
anticipated in protected natural areas across Canada; ii) evaluate thampportaved 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 byepted 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 picstickztitrel
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 Candlat agencies currently do not
have the capacity to respond to potential impacts. The analysis of the state of climate change
adaptation in Canadads protected natur al area
Ontario Parks case study préseéiim Chapter 4A policy Delphi survey method is used to facilitate
both theidentificatiandevaluatiar climate change adaptation options for consideration by Ontario
Parks within the context of their six major program areas earlier notext (eedr. perceiveldvel
of desirability, feasibility and tin@me for implementation). The policy Delgs hecently 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 ofi@uaftat protected natural areas experts
woul d i ke mai nstr eamed into Ontario Par ks o
[including those that suggest radical departures from current approaches (e.g., protected natural

areas system planning)] ildes to offset potential negative impacts (e.g., species loss), take
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advantage gfotentialopportunities (e.g., increased visitation) and increase the overall resilience of
60the systemd to climate change i rapdferencesof The
adaptation options amongst expert groupach an analysis fits into what Burtral.(2002)
characterize a¥ype 2 adaptation research, which contributes directly to adaptation policy
development by identifying which adaptationipslare needed and how they can be developed
and applied.Overall, the Chapter includes fhrstpractical discussion of adaptation to climate
change within the institutional framework of any Canadian protected natural areas jurisdiction.

The final Chater presents conclusions and is divided into four sections. In the first
section, a synthesiSthe achievements of the dissertagioals and objectives is presented. In the
second section, potential opportunities, limitations and challenges dssihbidte 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 adoptdte future by the broader conservation community.

An integrated look at how thissertatiommas contri buted to and infor

climate change adaptation process completdissbeation

5 Type hdaptation 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 climatSwuttamgsearch 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: Scett al(2002), Lemieux and Scott (2005), Scott and Lemieux (2005) and Scotieaxd Le
(2007)Type 1 studies have often assumed that adaptation responses are known, whereas in fact this is often not the
case (Burtoet al.2002).
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Chapter 2

Climate Change, Implications for
Biodiversity and Protected Natural
Areas Policy, Planning and
Management and Adaptation
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2.1 Chapter Introduction

I n the six years following the release of
(IPCC)Third Assessment R@@dR) (IPCC, 2001a and 2001b), significant progress has been made
in understanding past (i.e., paleo) and modern (i.e., 20th aRtistaeyntury) 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 ofadamprovements 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) aed(ifatuprojected) climate
change and related ecological change for protected natural areas policy, planning and management, i
is essential to place such change in a {mmgecontext. This Chapter is organized into ten major
sections each with seVemabsections. Sections 2.2 to 2.6 examine climate change and biodiversity
related i mpact s. Specifically, these sPction
and O6modernd (i .e., 1850 to 26 paed and abservedu me n t
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 thems@aws. 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
generallyand within the protected natural areas sector spec{fsmtion ®). The distinctive
features of climate change adaptation are identified (i.e., definitions, types and forms) and common
elements and differentiated challenges of adaptation appavaahesmined. 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 tlee sectors are identified, and institutional adaptation barriers are explered. T

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

6 d°roxiedare climate sensitive biogeophysical measureieatnost frequently used proxies are tree ring widths and
densitiesboreholetemperatures, ice cores, peat bog setimad ocean floor sedimerstsd Bradlefd1999 for a
more detailed discussion]
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2.2 Paleo and Modern Climate Change

Both paleeclimatic temperature datconstructions and modern instrumental observations
alike indicate that climate chahgesur on all resolvable timescales, frortcddaty (e.g., extreme
events), the intemnual (e.g., ye@ryear) to the geological (e.g., millions of years ang.lofhigis
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, 2001Earth has been much warmer and much colder than the
current +14 degrees Celsius (°C) throughout the geologic record but the coupled atmosphere, ocean,
ice and biological systems and external forcing influences were different at global, regtahal and lo
scales and so comparisons are difficult. Sverisah(2000) estimate that global surface
temperatures increased 6 to 8°C at the start of the Eocene Epoch approximately 55 million years
before present (BP). It is reported that temperatures sutiseqoeled approximately 3°C
corresponding to the advent of the Pliocene Epoch four million years BP éRaiv2l®4). The
Pleistocene Epoch, beginning approximately two million years BP, was characterized by swings of
many degrees Celsius, corredpm 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 (GHGSs), especially carbon dioxiyleai@0nethane (GH(Figure 2)
(IPCC, 2001a; Svenszral.2004; EPICA, 2004; IPCC, 20G7al\brupt climatic chang@sare also

7 This thesis adopts the Intergovernmental Paneiom@lt e Changeds (1 PCC)whichasbanyti on
change in climate over ti me wh et hhisdefintionds diffeventthantthatr a | vV a
of theUnited Nations Framework Convention ddh@hgiEteFCCQ, which states that climate changeas c hange o f
climate which is attributed directly or indirectly to human activity that alters the composition of/tiieh giobal atmosphere
addition to natural climate variability arssongohoable time gefibdsdefinition 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 fromdustpi@ value of about 280 ppm to
379 ppmin 2005andexceeds by far the natural range over the last 650,0008eer800 ppm) (IPCC, 2007a).

9 It is important to note that is within the glaititdrglacial oscillations occurring over the past 700 thousand years that
defined the eralope of natural climate variability familiar to most modern ecosystems (@vegh20K2).
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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 occudrén some places in periods as short as decades to years (Alley and Clark,
1999; Langt al.1999; Alleet al.2003).

Figure 2 Temperature ( °C), carbon dioxide (CO2) and methane (CH4) history of the past
400,000 years. Adapted from: IPCC (2001a) and updated using IPCC (2007a)
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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) 3jFigure
According to thdPCC (2007a), global average temperature has increased approxim@tely 0.74
(20.18°C) over the past 100 years (1896 to 2005) and the rate of warming has greatly accelerated
since the 1958¢Mannet 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) concmostdothiae
observed increase in global average temperatures since2h® tmid ¢ ewne ruyr (pBO%kse |0y 6
probability) the result of human activitigbat are increasing GHG concentrations in the
atmosphere.

WoTechnically, an abrupt climate change odnmwamewsidicen t he
at a ratdetermined by the climate system itself and faster than the cause. Chaotic processes in the eliofate system ma
such an abrupt cl i m@atienal Résearcly@uncilp20®e undetectably small

1The linear warmingtrendove t he | ast 50 years (0.13EC/decade) is nea
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Figure 3 Northern Hemisphe re temperature reconstructions for the past 1300 years (  °C,
with respect to the 1961 to 1990 mean). Source: Mann, 2007 and based on: Jonest al. (1998);
Mann et al. (1999); Crowley (2000); Briffaet al. (2001); Espeet al. (2002); Mann and Jones (2003);
Jones and Moberg (2003); Jones and Mann (2004); Huang (2004); Mobezgal. (2005); Oerlemans
(2005).
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Annual temperatures have been increasing across Canada over the instrumental record as
well. Over the last 59 yeammperatures have increased ¥3Environment Canada, 2007)
(Figured). 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
recad (Environment Canada, 2007). Conversely, 1972 was the coolest year ot.88€9rd (
(Environment Canada, 2007). The warming trend across Canada has natiftveen
geographically (Taldleand Figur®) or seasonally (Figu8e The trends, extremasd current year
rankings presented in Talldlustrate 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 59year period of record. Withet exception of the springs of 2002 and 2004, seasonal
temperatures have remained above normal for more than nir{Eigaees). Between 1947 and
2006, winter temperatures have increased 2.1°C, spring temperatures have increased 1.6°C, summe
temperatures have increased 0.9°C and autumn temperatures have increased 0.6°C (Environment
Canada, 2007).

12The Canadian increase in tenajpure over this period is ele@thof 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 (
the 1961 to 1990 mean). Drawn using data from: Environment Canada (2007)
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Table 1Annual temperature trend, extremes and current annual ranking within Canadian
Tabled using data from: Environment Canada (2007)

climate regions over the past 59 years.

Region

AtlanticCanada

Great Lakes/St. Lawrence
Lowlands

Northeastern Forest

Northwestern Forest

Prairies

South British Columbia
Mountains

Pacific Coast

+0.3

+0.6

+0.8

+1.8

+1.4

+1.6

+1.3

Warmest

17

1999

1998

2006

1987

1987

1998

1958

Dep.
°C)

+2.0

+2.3

+2.3

+3.0

+3.1

+2.0

+1.6

EXTREME YEARS

Coldest

1972

1978

1972

1950

1950

1955

1955




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 (

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 ( °C, with
respect to the 1961 to 1990 mean). Drawn using datafrom: Environment Canada (2007)
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Climate modelling and studies indicate that the obggoled warming trend since the
1%60s 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 CQ(Tettet al.1999;IPCC, 2001a; Bragaretaal.2004; Mann, 2007; IPCC, 2007a).
Reconstructions of northern hemispheric rseaface temperature from both proxy and modern
instrumental temperature records indicate that global tweahaihy and early 21st century
warmng is unprecedented over at least the past two millennia (Mann, 2003; Mann, 2007; Hou, 2007)
and, as Mann (2007: 111) emphasizedptis anomal ous war mth can on
ant hhropogenic forcing. o

While anthropogenic influences on climatee Hbeen detected in surface air temperature,

sea level pressure and ocean heat contentindedecanthropogenic influengemrecipitation has
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been difficult to detect until recentlyZhanget al.(2007) were the first to demonstrate that
anthropogeies forcing has contributed significantly to observed increases in precipitation in the
Northern Hemisphere midtitudes, drying in the Northernisphere subtropics and tropasd
moistening in the Southern Hemisphere subtropics and deep'tr@piesall, global lanbased
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 temporallgiform. 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; Zhah@l.2007). Conversely, drying has been observed in the Sahe
the Mediterranean, southern Africa and parts of southern Asia (IPCC, 2007%t;212807).

While the annual precipitation trend in Canada over the past 59 years Hgsbgemera
increasing (Figui@ with the exception of 1972 and 2001, arpregipitation 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 was3%956 (
(Environment Canada, 200Beasoal 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 Santeret al(2007) also recently provided preliminary evidence of an emerging anthropogenic signal in the moisture
content ofEar t hds at mos pher edthat The@®41l kglnt perodecadénsreasegire arospheric
moisture contensince 1988 primarily due to human caused increaggsi@®s, and notdueto solar forcing or
recovery from the eruption of Mount Pinatubo.

141t is interesting to note thdtd observed changes in precipitation identified by 2hal{@007) are larger than $keo
simulated by IPCC (20088ESscenarios.
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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)
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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. Precét al.1973) have shown, plants reproduce, groneapdnd 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 suh(i8ahwartzman, 2002). Changes in climatic variables, such as
temperature and precipitation, affect biodiversity directly through chapiyesoln(g.g., earlier
flowering of trees or egaying in birds), changes in geogragibicibutioand abundancesulting
from migration (e.g., peleard/elevational shifts in ranges) and habitat change to more favourable
conditions, and changes pbysiologicg#yg., sex determination). Biodiversity is also affected
indirectlyby climatenduced almtions of intespecific relationships (e.g., predptey
relationships) (see Parmesan, 2006).

Spatially explicit analyses of pollen and Aesstd datasets have indicated that past
changes in climate resulted in major shifts in species rangeskaddengeganization 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; @ieghet891,;
Overpecket al.1992; Williams, 2002%pecies 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, 28@lgeclimatic research has also revedlad t

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, 1990eOverpeck
al.,1992; Prentice and Webb, 1998; Davis and Shaw, 2004h etaal. 2005; Huntley, 2007).

Migration rates and routes of migration also differed among taxa (Davis and Shaw, 2001). As
Overpecket al(1991) found, the distribution and combinations of pollen types occurring during a
significant portion oftheec age and present interglacial tral
to todayds vegetati on ¢ ommunaetal{@993 showedsthatrthel ar | vy
new combinations of climate variables arising out of the retreat of the Lalges ekt allowed

the coeoccurrence 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).

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 locatior
across Canada in response to warmer temperatures (MacDobizdgeauski, 1992; Macdonatd
al., 1993). Williams (2002) presented estimates of the per cent cover for needleleaved and
broadleaved trees in North America since the last glacial maximum8jFigtine temporally
coarse reconstructions revealed atlenmg increase in treever 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 yc@@entrations.

In Ontario, the early pogtacial boreal forest that colonized the Canadian Shield after
10,000 BP was dominated by white spRiceq glauanjl little or no black sprudéidae mariana
(Figure9) (Liu, 1990). White spruce declined and was replaced by jaPinpmédnksi after
9,000 BP in response to a warmer climate. Boreal forest was replaced with a complex mosaic of
mixedconifer northern hardwoods just south of Lakes Erie and Superior during this time (Delcourt
and Delcourt, 1987). Central Ontario boreal farasttransformed into Great LastsLawrence

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

15 Davisand Shaw2001: 678) nafethat dAlthough examples of persistence through repeated periods of unfavorable clim
documented in the fossil record, the record of extirpations asdtieadtitictitn® adp@stiegreatest during periods of
rapid climate change, such as predicted for the future
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occurring from between 7,000 to 3,000 BP causing the boreal forest and the Gr8at Lakes
Lawrence forest ecotone to adee approximately 140 km north of its present position (Delcourt
and Delcourt, 1987; Liu, 1990). Over roughly this same periocgtLad$2803) found that the
ranges of several boreal animal species, including blatkfeaamericarausl northen flying

squirrel Glaucomys sabyirslwed signs of rapid demographic and spatial expansion across
Canad&’

Figure 8 Total tree cover, needleleaved tree cover and broadleaved tree cover from the
last glacial maximum.  Source:Williams (2002: 17)
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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., FAUNMMPRrking 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)
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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 pastehaliry is having a discernable impact on
contemporary biodiversifg.g., Parmesan99b; Parmesaet al.1999; Hughes, 2000; McCarty,
2001; Thomast al.2001; IPCC, 2001b and 2007b; Wakhexl.2002; McLaughliet al.2002;
Parmesan and Yohe, 2003; Ro@t.2003; Parmesan and Galbraith, 2004, Parmesan, 2005; Menzel
et al.2006; Walthezt al.2006; Bradshaw and Holapzfel, 2006; Parmesan, 2006). Alarmingly, climate
change has been attributed to several species extinctions @Rainti899, 2005 and 2006;
McLaughlinet al.2002; Thomast al.2006; Parmesan, 2006)renomenon projected to be
exacerbated in the future (Thoretal.2004; Bomhardt al.2005; Schwaret al.2006; Parmesan,

2006; IPCC, 2007b).
Due to the rapid increase in correlabiased published studies occurring in recent’years

(Figurel0), 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 manaificatio
climatic and ecological change that has driven the incrpabésimedcorrelation studie@armesan, 2006)An
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following discussion reviews magfiecies (i.e., cretsxonomic) impacts occurring across diverse
global ecosystems (e.g., from temperate grasslands to tropicatedts)ddoprovide insight into

the rate, extent and magnitude of recent climate efedatge ecological impaé{s.Interspersed
within this discussion are examples of modern clietated ecological changes across Canada and
in Ontario.

Parmesan andohe (2003) estimated overall climate chafeged ecological impacts by
conducting metanalyses 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). Despitliffieremtr levels of
detail, design, and scale, the analysis revealed more than half of the species experienced changes |
their phenologies and/or their distributions. The changes reported were not random but were
systematically in the direction exgefitem 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 o
2.3 daygper decade across all species. As a further indicator of climatatttiamigel ecological
impacts, the authors found that 279 (or 82%) of the species included in their analysie exilited
s wi t(ie.hbmundaries shifting northward in warpadies 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 «
high number of species asanultiple scales is outweighing other potentially counteractive global
change forces, such as habitat loss.

extensive literature search by Parmesan (2006) identified 86@i@&ed papers documenting changes in species
or systems that coulih whole or in part, be attributedasthropogeniclimate changeOf these, approximately
40% were published from January 2003 to January 2806lsoWaltheret al.(2005) and Figur0 in this
dissertation

18 As Parmesan (2005) nqgtdtk key dvantage to mulsipecies studies is that these studies document species that have
not responded to climate change, along with those exhibiting respbisaiows an unbiased estimate of overall
impact of recent climate change to be made.

19While tre studies reviewed here do represent a broad spectrum of ecosystems across thienglotianitts note
that there are significant ecosysgme and geographical bias@$.the nearly 29,000 observed changes tabled by
the IPCC (2007b), 28,586 (98) are from terrestrial ecosystems and only 85 (0.3%) are from marine and freshwater
ecosystemsMoreover, 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 idewtifiede rest of Earth 90 % of t he wor |
terrestrial base).
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A parallel can be drawn from the results of Rioai(2003) who found that more than 80%
of the 1,468 species included in their analysigegpanding 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 tempexate species was 5.1 £ 0.1 days per decade earlier
(Rootet al.203). These trends are greater than the results obtained by avali{2§02) 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 daper decade earlier). Thesads are alsgreater 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
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2.4.1 Modern Ecological Response to Climate Chang e in Canada

Despite the renewed interest in climate chahgfed ecological impact studies and the
general lack of observational records (i.e., detailed survey data) needed to rigorously test hypotheses
a number of metanalyses suggest that Canadlianiess and ecosystems are also responding to
recent climate change (Fighiend Tables 2 to 4). Some of the reported impacts include changes

20The cumulative number of case studi¢lis study wamtaled using Parmesan and Yohe (2003), Bioal003),
and Waltheet al(2002). Temperature data was taken from dbak2004).
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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, chargm@scificinter
interactionsand widespread aquatic responses to increasipgratures in both arctic and boreal

lakes.
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Figure 11Examples of recent ecological responses to climate change across Canada. See Tables 2 to 4 for more detailed
information , including sources (by superscript numbe).
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2. 35 mlyear shift northward

Northern expansion into i i Southern flying squirrels8
22 km northern range expansion

14 Grand River watershed
Warm water species
coldwater species becoming\es

I *= COSEWIC identified “species of concern”
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Table 2 Ecological indicators of climate change in Canada  z changes in geographic distribution and abundance (including

migratory pathway, wintering area and breeding ground).

TAXON GEOGRAPHIC ECOLOGICAL RESPONSHEP ERIOD OF RECORD
LOCATION
Edit hds c¢ Mexicoto e Northward shift of 92 km

butterfly €. editja  Canada (range) o Upward shift of 124 m

e Population extinctions are four times as high along the southern range bounddexi@3ja,
than along the northern range boundary (Canada)

e Recolonizations are rare (14% over 30 year period)

Period of Record: 98 years
Black sprucePfcea  Eastern Hudson e 12 km westward shift in treeline towards coast

mariana Bay coast
(Quebec) Period of Record: 100 years
27 bird species Continental U.S., e 2.35 km/year shift northward
(arboreal and southern Canada
semiarboreal and northern Period of Record: 1967 to 1971 and 1998 to 2002 (26 years)
insectivors and Mexico
granivors)
Diatom and Canadian arctic e Shift away from benthic species towards more planktoni@emevaterassociated
invertebrate lakes communities

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

Polar beardJSrsus Hudson Bay e Population declines in opposite geographic boundaries
maritimjis (southern range
boundary) Period of Record: 1981 to 1298 1980 to 2004

Engelmann spruce  Canadian Rocky e Upward (elevational) movement of treeline and ininedesasity
(Picea engelmannii  Mountains

(Banff, Yoho and Period of Record: Various sampling dates
Jasper national

parks)
Common buckeye Manitoba e Northward expansion of Common buckdymdgnia cogniad BaltimoreheckerspoBHuphydryas
(Junonia cogaidd phaetpn
Baltimore
checkerspot Period of Record: 1970 to 2004 (35 years)

(Euphydryas phaetol
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SOURCE(9)

1Parmesan (1996
Parmesan (2005)

2l escopSinclair
and Payette
(1995)

SHitch and
Leberg (2007)

4Smolet al(2005)

5Stirlinget al.
(2999)

Stirlinget al.
(2006)

6Luckman and
Kavanagh (2000)

\Westwood and
Blair (2003)



GEOGRAPHIC

TAXON ECOLOGICAL RESPONSEP ERIOD OF RECORD SOURCE(S)
LOCATION

butterflies

Southern flying Ontario e 22 km estimated rate of spread 8Bowmaret al.

sqlwgrel Glaucomys « Expandedhorthern range boundary in Ontario by about 200 km betwed98Gisl and 2003  (2005)

volans

e Currently are or absent in a number of sites in southern or southwestern Ontario

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

Period of Record: 1994 to 2004
Swai nsond Borealforest e Coastal group hamdergone a-20 3-fold demographic and range expansion, while the inla *Rueggt al.
(Catharus ustulptus regions of the group has undergone-a® 12fold demographic and range expansion since the last glacia (2006)
U.S. and Canada maximum
e Bioclimatic analyses strongly support the hypothesis that populations expiaofiihg east
into previously glaciated areas in the west were undergoing a natural extension of their 1
tracking the changes in climatic conditions

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

SockeyeQncorhynch Banks Island e Capture locations are well outside the known distributions for the species 1Babalulet al.
nerkaand Pink (NWT) (2000)
salmon ©. gorbusgh: Period of Record: 2000

Mountain pine beetle Canaddprimarily e Increase in the range of benign habitats and an increase (at an increasing rate) in the ni *!Carrollet al.
(Dendroctonus BC and Alberta) infestations since 1970 in formerly climatically unsuitable habitats (2006)
ponderopae e Successfully breached the Rocky Mountaitlgeatic barrier and established in regstern

BC and adjacent Alberta

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

Arctic fox @lopex  Canada e The red fox expandedsirange northward into traditional Arctic fox territory, as much as 9 ?Hersteinnson
vulpésand Redox (Nunavut) (Baffin Island) and Macdonald
(Vulpes vulpes e Arctic fox has retracted its range northward either due to inferior competition with the re (1992)

the warming trend or both

Period of Record: 30 years

Virginia opssum Southwestern e Virtually norexistent in Ontario in the 1980s, the Virginia opossum has expanded its rani **CCME (2003)

Ontario northward intdGeorgian Bay
(Georgian Bay)

Period of Record: n/a
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GEOGRAPHIC

TAXON LOCATION EcoLOGICAL RESPONSEP ERIOD OF RECORD SOURCE(S)
Several Grand River Grand River e Warmwater fish species are now colonizing the upper portions of the Grand River water “CCME (2003)
fish species Watershed while coldwater species hheeome less common
(Southwestern
Ontario) Period of Record: 1983 to 1996 (14 years)
Table 3 Ecological indicators of climate change across Canada 7z changes in phenology and evolutionary traits (i.e., life -cycle
events).
TAXON GEOGRAPHIC EcoLoGICAL RESPONSEP ERIOD OF RECORD SOURCE(S)
LOCATION
Red squirrels Kluane region, e Parturition date advanced 18 days or 6 days per generation 1Realeet al.
(Tamiasciurus Yukon Territory o Result ophenotype plasticity change (62%) and genetic change in population (13%) (2004), Berteuax
hudsonigus et al(2004)
664 female, 325 Period of Record: 1989 to 2002 (13 years)
followed throughout
lifetime
Pitcher plant Florida to Canadi « Evolved a shortagritical photo period in association with a longer growing season 18Bradshaw and
mosquito ~ (range) e Northern populations now use a shorterldagth cue to enter winter diapauses, doing so le Holzapfel (2001)
(Wyeomyia Smjithii the fall than they did 24 years ago
Period of Record: four sample collectied®72 comared to 1996 and 1988 compared to 1993
Tree swallows Contiguous U.S. e 9 day advance in laying date highly correlated with mean May temperature Dunn and
(Tachycineta bicolor and Canada Winkler (1999)
Period of Record: 1959 to 1991 (32 y€z@)0 nest records)
Brunni chd Northern e Advanced laying date and increased weight trends correlated with changes in sea ice c¢ *%Gastonet al.
(Uria lamvja Hudson Bay open water) (2005)
(southern
boundary) Period of Record:975 to 1977 and 2001 to 2003
Polar beardJfsus  Hudson Bay e Decline in physical (mean body weight) and reproductive traits (birth numbers) 15Stirlinget al.
maritimiis (southern range o population declines in opposite geographic boundaries (1999)
boundary) Stirlinget al.
Period of Record: 1981 to 1298l 1980 to 2004 (2006)
16 butterfly species Manitoba e Extending adult activity periods into the late summer and fall in response to losfgee frost 2Westwood and
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GEOGRAPHIC

TAXON ECOLOGICAL RESPONSEP ERIOD OF RECORD SOURCE(S)
LOCATION
periods Blair (2006)
e Change in the length of certain life stages, including population peak periods and longer
periods

Period of Record: 1970 to 2004

Aspen poplar{opulu: Edmonton, e The timing of flowering by several species is largely a response to temperature, with ear 2Beaubien and
tremuloigeSaskatoor Alberta seen in years of higher spring temperatures Freeland (2000)
,('-,\ITrTi]f(ca)llia:L)ngrr:(ijer e Overall, spring flowering events have advanced 8 days over pé&Qogear
e e AT e Aspen poplar showed a-@8y shift to earlier blooming over a 98 year period
virginiaja Period of Record: various years dating back as far as 1901
96 migrant bird Delta Marsh, « Fifteen species showed significantly earlier adinats increases in temperature ZMurphy
species Manitoba Klasseret al.
Period of Record: 63 years (2005)
6 bird species Continental U.S. e Laying dates for four of six species were earlierspting temperatures were warmer 23Torti and Dunn
and southern e Over the longerm, laying dates adead over time for two specie=djwinged blackbirds, (2005)
Canada Agelaius phoenigeisiayand eastern bluebir(Bialia siajis4 day}

e Laying date of song sparroMelospiza melpalisocadvanced with increasing temperature wh
the analysis was restricted to eastern populations

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

Period of Record: 50 years
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Table 4 Ecological indicators of climate change across Canada  z changes resulting from indirect effects.

GEOGRAPHIC
TAXON L OCATION EcoOLOGICAL RESPONSEP ERIOD OF RECORD SOURCE(S)
R_iHQ_Ed seaPfjoca  Western Hudson e Decrease in ice extent and snow depth corresponded to decrease in ringed seal recruitr 24Fergusoret al.
hispida Bay reduced pup survival, and a reduction in pregnancy rates (2005)
Perial of Record: 20 year old séam two datasets 1999 to 2001 and 1991 to 1992
Narwhal whale Baffin Bay

e Limited number of leads and cracks available to narwhals during the winter and localize: *1.aidre and
decreasing trends in open water and high site fidelity HeideJorgensen

« Decreasing trends in the fraction of open water, together with increasing trends in intera (2005)
variability, were detected on wintering grounds

(Monodon mongcerc

Period of Record: 1978 to 2001 (26 years)
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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 themeographic distribution, migratory pathway (includinggring area, migration
route and breeding groundsyd abundande recent years due to direct (TeBlend 3 or indirect
(Table 4) climate changeated impacts. For example, the red Vopés vulpdss expanded
northward over the past 70 years, while the arctidlfipek lagophsis contracteits geographic
range toward the Arctic Ocean (Hersteinson an
boundary changes have tracked climatic warming phases. Despite the fact that the red fox has
physical attributes which make it lessagaltd 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 flyop squirrel Glaucomys vglansg the Virginia opossumlidelphis virginiana
virginianare expanding their range margins north in Ontario (CCME, 2003; Betvah2805).

From about the mid980s to 2003, it is estimated that the southern flyinglskjag 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 throughfihgmented forests of southwestern Ontario (i.e.,
through Caroliniatype forests). Consequently, squirrel populations have become rare or even
absent in previously suitable habitats (Bovemnali2005). Similarly, the Virginia opossum, which

was virtally norexistent in Ontario in the 1980s, has expanded its range as far north as Georgian
Bay (CCME, 2003).

The longterm warming trend occurring throughout the majority of the Canadian arctic has
influencedthe distribution and annual duration of seairicboth the Arctic Ocean and western
Hudson Bay. This has had a significant influence on the population ecology of arctic mammals,
including the polar beddrsus maritimjusnged sedPhoca hispidad narwhaMonodon mongceros
For example, therogressively earlier ice brapkin western Hudson Bay has resulted in
population declines of the polar Beairopposing geographic boundatissto declines in physical
(e.g., weight) and reproductive (e.g., cub survivability) paré&tetexgetal.,1999; Stirlingt al.,

21The Committee on the Status of Endangered Wildlife in Canada (COSEWECH t i f i e d tsheeiespfol ar be
concerin 2002 (COSEWIC, 2007).
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2006Y* 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
(Fergusoret al.2005). Conversely, ttecreasinggends 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 Ramwtgdffin Bay (Laidre and ide-

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 yeéraidre and Heidéorgensen, 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 kmy§e&imilarly, Rueggs al(2006) found a-20 3
and 6to 12f ol d demographic and r ange Cathapsaustslptosn of
amongst both coastal and inland boreal forest regions of the northern United States and Canada,
respectivig.

Parmesan (1996, 2005) found significant latitudinal and altitudinal clines in population
extinctions of E d i tEbpbysryas diitha $itesrusdegraded by humanr f |y
activitie$> Sites where previously recorded popul a

22 Derocheret al.(2004) emphasize¢hat most of the characteristic mammals in the arcticemenosystem are
specifically adapted to the sea ice environn@ea ice is a vital substrate for both pagopidicideloving)
mammals and epontic marine communities so that significant reduction or disappearance of ice from some areas will
fundametally alter the arctic marine ecosystem.

23 The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) identified ¥hé = | as a Ospe
C 0 n cir200%§COSEWIC, 2007).

24 The northward shiftliscoveredy Hitch and Leberge (2007) isager than observed shifts found in previous work
conducted in Great BritainThomas and Lennon (1999) found an 18.9 km shift over a 20 year period (0.945
km/year). As Hitch and Leberge (2007)chadeT he obser vat i on erpansiansval distributionpaf nd e r
multispecies groups supports the contention of Thomas and Lennon (1999) that the northward expansioigs .aré due to «
(538) The results of Hitch and Leber gerb)cdhduBigh)thatar e al
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 dyadlathilabundance of host plants (species within the
snapdragon familghd adequate nectar resources.
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(approximately 222 kitfurther north than sites where populations were extinct. Parmesan (1996)
revealed that the northern establishments of new populations correspondeexattipswith
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 ofahge and higher for all other latitudes), it is highly
unlikely that the net extinctions were caused by differences in initial population isolation or
subsequent langse changes (Parmesan, Fd98litudinal shifts (i.e., elevational shifts) were also
identifiedd 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. Commokele Junonia cogmiad Baltimore checkerspot
(Euphydryas phaehoriterfly populations have expanded their range margin north and have
extended their adult activity periods into the late summer and fall, largely in response todonger frost
free perids (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, whrchnraytuplace 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 thésegreat uncertainty with the respect to the synergistic responselaint®st
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 margios bearesponding

concomitantlyi.e., in unison)

28n a separate study examining 36-magratory European butterflies, Parmextaal (1999)discoveredhat 63%
shifted their range north by 35240 kn during the 1t century (and only 3% shifted to the south).

27l n Parmesands (1996) anal ysi s, butterfly popul ations
margins north due to the availabilitysiofilasuitable habitat (i.e., hgdants) in Canada (which offset population
extinctions in the southHowever, Thomast al(2001) found thahcreased habitat bigadtincrease in the variety
of habitat types that populations colonize)disykersal tendgineiegonger wied individuals) have resulted in about
3- to 15fold increases in expansion rates of four butterfly species in Britain, allowing thete dnsesthabitat
disjunctions that would have represented major or complete barriers to dispersal befmastbasestarted.

Thomaset al.(2001) noté that climate change arfabth ecological and evolutionary processes are probably
responsible for these changes.
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LescopSinclair and Payette (1999) measured changes in the longitudinal position of black
spruce Ricea mariqrsdong the eastern Hudson Bay coast (northern Québec) and found a 12 km
displacement towds 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 supad windchill. Elevational treeline response toatk change in
the Canadian Rocky Mountains has also been documented. Luckman and Kavanagh (2000)
reported the upward migration and increase in density of EngelmannRpeacengelmanni
several Canadian national parks, including Jasper, Yolamfind B

While aquatic ecosystems have been studied less globally and in Canada, a few studies
revealed similar climate change ecological responses to those of terrestrial systeras.aBabaluk
(2000) documented the first capture locations of both Sockeye Salgwhynchus Henkd Pink
salmon ©@ncorhynchus gorpusthBanks Island (Northwest Territories) in 1999. The capture
locations noted in their study are well outside the knowibulistr of the speciesNorthern
advancements of fish species have also been documented in southernFiSanadeaieys
conducted between 1983 and 1996 showed that manyatarmfish species are now colonizing
the upper portions of the Grand River (@it) watershed, while coldwater species have become
less common (CCME, 2003). Shifts away from benthic species towards more planktonie and warm
waterassociated species in several Canadian arctic lakes have also been repetrid (Bl
Giventhe 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 concluiéththapportunity to
study arctic ecosystems unaffected by human anfluenced m@nwlpt pl 2005 4367) 0

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 ad elevational range of MPB was not limited by available(@astfi et al.2006)

Instead, its potential to expand north and east has been restricted by climatic conditions
unfavourable for broad development (Caetcdl.2006). To determine if theetle has expanded

its range due to changing climatic conditions in British Columbia and AlbertagtCa(&8106)
overlaidMPB occurrence with the distribution of climatically suitable habitatgeiar 1i0crements

derived from climate normals (19250 to 197#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 hafatsllet 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 anthe 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 swalltaehycineta bicélom 199 to 1991 over the
contiguousU.S. and Canada, Dunn and Winkler (1999) discovered that laying dates were
significantly correlated with mean May temperature. Owgear3eriod, the authors found that
egg laying dates have advanced by an average of nine days. Similarly, Tort{208b Dionmd
advanced laying dates for two species, thveimgdd blackbirdAgelaius phoeni¢sergen dayand
eastern bluebirdSi@lia sia)i¢four days) The ar cti ¢ seabi UnhlomBahasnni c h ¢
similarly advanced its dgygirg date at its southemost boundary (Hudson Bay). No change was
reported at its northemmost boundary (Prince Leopold Island) (Torti and Dunn, 2005). Both
trends were found to be closely correlated with the duration-ioé sEaver(Torti and Dunn,

2005) MurphyKlasseret al(2005) provided evidence that climate warming has influenced spring
migration arrival dates of several bird species in Manitoba. Oyera&iod, the authors found
that fifteen species showed significantly earliersamivalation 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 anfall in response to longer friie periods. From 1901 to 1997, aspen poplars
(Populus tremulpideslberta shifted their blooming dates 26 days earlier (Beubien and Freeland,
2000). Interestingly, a significant link was found between yearlpdloats in Edmonton and
sea surface temperature in the Pacific Ocean, nearly 900 kBeakiay and Freeland, 2000)

A recent study by Berteaex al.(2004), examining reproductive phenological change
associated with climate change in red sqyifeetsasciurus hudspmcte Kluane region of the
Yukon, showed that evolution can be fast, and successful, under climate ¢haegponse 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, Brteauxet 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 towthabe) and micevolutionary

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 Smjthias also recdyexhibited evolutionary responses to climate change. Traditionally,

as winter approached and-tingths were shortened, the mosquito was genetically programmed to
hibernate and protect itself inside the pitcher pBratishaw and Holapzfel, 200BHowever,

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 mmosgopulations 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 chaluggcataesponses are indeed
discernabléoth globally and acro€snada. Moreover, if such ecological changes are being
detected with global estimates of temperature increases of only 0.74°C over the past century (IPCC,
2007a), many more 4&aching éécts on biodiversity are likely to occur in response to projected
increases in mean annual temperature ov2isheentury with temperature increase projections
running as high as 4.6°@PCC, 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 estrigedtury. Comprehensive General
Circulation Models (GCMs) are currently the only tools available that attempt to account for the
complex set of processes which will deterfutneeclimate. e IPCC projected that the pace of
cl i mat e varyh k é€B0@odpiotsbiliyjo accelerate wittootinued GHG emissions at or

291t is important to note that the 4.0°C increase in temperature projected by the IPCC is liasstesinaté(see
Section 2.5)Howeverp | i kel y ranged e&G4PdALH scermr)ddPGC, 2007a). as hi gh as
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above current rates. Its bestimate is that globally averaged surface temperatures will rise by 1.8°C
(low emission scenario) to 4.0°C (high emission scenario) by the e@d sif¢dbetury (Figude?)

(IPCC, 2007a).This range is due to the uncertainty about future GHG emissions linked to
unpredictable soceconomic conditions and to the different responses of GCMs to the

corresponding amount of emissi¥ns.

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 (20013.
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The annual mean warming in North Ameridiaas/to exceed the global mean warming in
most areas (IPCC, 2007a). Seasonally, warrkedyi® be largest in the winter in northern
regions and in summer in southern North America. Minimum winter temperatlikesy éve
increase more than the globakrage in northern North Ameri@®CC, 2007a) Maximum
summer temperatures &kelyto increase more than the average in the soutfiR€§l, 2007a)
Since the IPCCThird Assessment REpAR) (IPCC, 2001l1a), thereas beenan improved
understanding of projected patterns of precipitation. Increases in the amount of precipitation are
very likeig high latitudes, while decreasedilalgin most subtropical land regions (by as much as
about 20%) continuing observed pagtégnmmodern trends (IPCC, 2007a).

30 A more detailed discussion on emission scenarios of th&fecial Report on Emission $8&E8ican be found
on p. 18 of IPC@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, 3BRESGCM experiments projected annual mean temperature
increases of 3.1 to 10.6AC by the 2080s over
global average increase over the same period (PCIC, 2007). Similar to the recent trends, warming is
not exected to be geographically unifdrthe 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 Princed Bshamad) (Table 5). In
Ontario, SRESGCM simulations suggest an increase in annual mean temperature between 0.7 and
3.1°C by the 2020s, 1.9 and 6.9°C by the 2050s, and 2.7 and 10.6°C by the 2a8ps (Figure
Figure 130 OT EAAOCAA 1 AAT AT 1 OAl OAI PAOAOOOA AEAT CA | o#
general circulation models (GCM) and emission scenarios (SRES) for the 2020s, 2050s, and
2080s. Source: PCIC (2007)
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Table 50 O EAAOAA | AAT AT 1 OAl OAI PAOAOOOA AEAT GCA jo#(Q
territories using a variety of general circulation models (GCM) and emission scenarios
(SRES) for the 2020s, 2050s and 2080s Source: PCIC (2007)

PROJECTED MEAN ANNUAL TEMPERATURE

PROVINCE/TERRITORY #(D. "% ). #2% 3% j0o#(Q
2020 2050 2080
Alberta 0.62.4 1.85.7 2.39.3
British Columbia 0.52.2 1.65.0 2.78.5
Manitoba 0.82.8 1971 2.811.5
New Brunswick 0.92.6 2.15.7 2.78.8
Newfoundland/Labrador 0.82.5 2.34.4 3.27.7
Northwest Territories 1.129 2.26.8 3.211.7
Nova Scotia 1.02.6 2.04.9 2.78.8
Nunavut 1.22.8 2.86.9 3.911.6
Ontario 0.73.1 1.96.9 2.710.6
Prince Edward Island 1.02.6 2.05.7 2.88.8
Quebec 1.12.6 2.25.5 3.09.8
Saskatchewan 0.52.6 1.76.3 2.410.2
Yukon Territory 0.72.7 1.95.8 2.410.2
Canada 1.12.6 2.25.1 3.110.6

Generally, total annual precipitation is also projectedréase across Canada (Figure 15
32 GCM experiments project mean annual precipititaorges of0.2 to +8.7% for the 2020s,
+0.3t0 16.7% for the 2050s and +2.5 to 19.2% for the 2080s (PCIC, 1208a0)thern Canada,
precipitation idikelyto increase in winter and spring but decrease in summer (IPCC, 2007a). Snow
season length andosv depth areery likelyto decrease in most of North America, except in the

northernmost part of Canada where maximum snow dékétyi® increase (IPCC, 2007a).
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general circulation models (GCM) and emission scenarios (SRES) for the 2020s, 2050s, and

2080s. Source: PCIC (2007)
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Figure 15Projected 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 tempediadumge projections of the
IPCC (2001a and 2007a)ay have been underestimated. For example, analyzing emissions
projections of GHGs, Webstetal( 2003) found that with a polic
emissions, there is a one in two chancdh@ancrease in global mean temperature over the next
century will exceed 234 Even with aggressive GHG emission reductions over time, the authors
emphasized that there is a one in two chance of temperature increases ext@edivigré.6
recently, Rauachet al(2007) revealed that the recent growth of GHG emissions is on a trajectory
that exceeds even the most aggresHREES scenarios. Furthermore, Pittoek al.(2006)
emphasized that there is a risk of feedbacks in the climate system thateasasy iacming.
Consequentl vy, t he author suggests that the p
increased in recent years (Piteetc&l2006). Taken collectively, these studies call attention to the
likelihood that Earth is committed dmate 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 periddlbivitinia, the
15t0285Ct hreshol ds wupon which the | PCC projects

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 inferrguhlzontimatic data and
from those to which some existing species are evolutionary adapted €Hal2@07). The first
to assess climate change induced ecological change was Eman{l€l85). Their study
concluded that about 45% of allthewdbrdd ecosy st ems wo ul-@O,cinfm@.nge un
Since then, several others Hauad that changes to the composition, structure and function of the
Earthds ecosystems may be even more signific
beyond particularly under warmer scenarios (e.g., Malcolm and Markham, 2080alzfi13;
Malcolmet al.2002a and 2002b; Malcatral.2004; Thomast al.2004; McKennest al.2007)
Correlative 0climatic env e tiesmodalingtmprojdcto ds h a
the future impacts of climate change on terrestrial ecosystems and Sjeléss coBsistently

project major shifts in species, ecosystems and landscapes. At the global scalef Blalcolm
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(2002a) found that more than 80%af r t h 0 s * eould axpemence exsnctions as a result of
climate change. Northern ecoregions in Canada, Russia and Asia were found to be especially
vulnerabl®& -- seven ecoregions within these areas showed 70% or more change in at least one
vegetation model [Ural Mountains Taiga (Russia); Canadian Low Arctic TuneBayahltai
Montane Forests (Russia/Mongolia); Muskwa/Slave Lake Boreal Forests (CanadakaKamchat
Taiga and Grasslands (Russia); Canadian Boreal Taiga, and Southwestern Australia Forests anc
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 successfpllygkedth climate change) were
unusually high, especially in Canada, often exceeding 1,000. mRatas of change of this
magnitude are approximately ten times faster than the rapid migrations during the last postglacial
period and signal the possipitif future species extinctions, as some species may fedtablish
in areas that are climatically, physiologically and ecologically unsuitable.

Both national (e.g., Rizzo and Wiken, 1992; Lenihan and Neilson, 1995; MeKainey
2007) and provamallyspecific [e.g., British Columbia, Hogg and Hurdle (1995), Hamann and Wang
(2005); Saskatchewan, Hendeesa(2002); Ontario, Malcolet al(2004), Goldblum and Rigg
(2005)] bioclimatic envelope modelling studies alike show the possilibtygofastudinal and
altitudinal effects, with the greatest changes occurring at high latitudes anchradtiteldésely
less change in temperate areas. Over the next century, the traditional geographical range of some
ecoregi ons ( alfgest) mag shiit asl rmauéhsas BOG@dkM north (Rizzo and
Wiken, 1992McKenneyet 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;
Malcolmet al.2002a and 2002b; Malcadtnal.2004; McKennegtal.,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 consi ste

31 Ecological Land Classification (ELC) systems are used to classify and describe ecosystems aForaexestales.
definitions of ELC classification terminology used throughout this dissertation including ecoregions, ecozones and
ecodistrictsplease refer tottp://www.ec.gc.ca/soeree/English/Framework/Nardesc/2.cfm

2L eemans and Eickhout (2004) similarly fresultind 4i%hnatt even
change in extent of the Eart hos 10t4udo2ld9oanet bhangened exterEl o b al |
amongst all ecosystems with temperature increases of !
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projections estimate that thdgemt 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 (Rizz
and Wiken, 1992; Malcoénal.2002; Gray, 2005).

Malcolm and Markham (20Q#pjectedchanges in climate envelope biome type in excess
of 50% in seven provinces/territories (Yukon Terri€o64.1%, Newfoundland and Labrador
63.6%, British Columbi&60.4%, Ontari@® 61.4%, Québed 59.5%, Albert® 56.4%, and the
Manitobad 52.9%). NewBrunswick (44.7%), Nova Scotia (34.2%), Northwest Territories and
Nunavut (33%), Saskatchewan (24.8%) and Prince Edward Island (0%) were projected to change the
leastThe highest O0required migration r ateaed ( RMEF
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. Twsaconcluded that climate chabgeh as t he
potenti al to eventually destroy 35% of the w
replaced by equally diverse systems or that similar ecosystems wile esthbdistaléwmsaiebs els
Markham, 2000:%)

More recent eciesspecific 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 dominandgepending 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 mariqrfgigurel6) and jack pineéP(nus banksignare expected to caadit in geographical
extent and decline in their relative dominance (Mait@h004). Conversely, forest types such
as red mapleA¢er rubryn{Figurel?), mixed poplar and birch, currently characteristic of the
southern part of the Ontario boreaiesth ecosystem, are projected to expand their ranges into the
northwest and increase in relative dominance (Matalt@004). Forest types more common to
the southern Lake Simébadeau Region Ecosystem, including sugar ndaele Jacchayrurad
o& (Quercus ruprahite pineRinus stropuslack ashFfaxinus nigraed mapleAcer rubrynand
eastern white cedafhyja occidentai® projected to expand their geographical range into the
southern section of the Ontario boreal shield ecosy®falcolmet al.,2004).Interestingly,

Malcolmet & (2004) found that as many as 30 tree species currently not found in Ontario could

33 Malcolm and Markham (2000) used the tedne sntthis@gnt@xt to denote any changeuimentvegetation type.
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appear under the projected warmer climate of the late 21st century. Both conservation and extreme
climate changscenarios alike projected the northward migration of several species currently
restricted to the U.S. into the Lake SinRRideau region, including black hick@arya texgnand

shortleaf pineRinus echinatislalcolmet al.2004). These scenariagbroject the migration of
osageorange Nlaclura pomifeaamd post oakQuercus ste)latdo the Carolinian ecosystern$
southwestern Ontario. Assuming that suitable conditions exist to allow for the successful migration
of these southern species.(geed dispersal and establishméms is one of the first studies to

suggest that climate change may result in an increased number of treeGpiacias in

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 17Modelled current and future distribution of red maple ( Acer rubrum ) in Ontario
using six climate model scenarios . Source:Malcolm et al. (2004).
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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 ferganization in global ecosystems thanasesein temperature and precipitation
alone (Johnstone and Chapin, 2005; Cadalr007). Historically, the return interval of fire in
the boreal forest has ranged from 263 to 288 years (Ratriale?2004), with well established
relationships beken firecycle, species composition and-céags 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. Fladngan\&iagner (1991)
projeceda 40 to 50% increase in area burned in the Canadian boreal under a dgabtedt€O
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A more recent analysis sugegtstat the total area burned in Canada could increase between 74 and
118% by the end of this century uraléipled CQscenario (Flannigah al.2005). Using a GCM

driven fire model provided by Stoekal ( 1998) to project future f ¢
provincial parks, Lemiegxal( 2007 ) f oun dl odfedst fire severittankings tirfde 6
signi fi canhti gihmicx terdesesesite severitydbrankings in the next forty to eighty
year s. The authors found that during the 109
provinci al par ks wext e efimdé@verity irahking. d By vihie t2060snthist h e
percentage was projected et rfeesavéisis projectedtol 0 % a
expand into over a fifth of all provincial parks (21%).

Such projections suggest t hat Canadaods f ol
change resulting from increased forest fire disturbance activity, especially when compared to other
forested regions, such as tropical forests, where fire isrcgdefsgical 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, 1995Flannigaret 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 earlysuccessional and deciduous ecosystems dominatedabgpfiesl gecies such as black
spruce Ricea marignevhite birch Betula papyrifesad trembling aspeRdpulus tremulpiaeth
consequential effects on ecosystem processes. As Thahpql996: 213) emphasized,
OAnthropogenically altered spediensampasent forests, coupled with fire suppression over the past 50
may lead to forest landscapes that are different then were seen in the Holocene period, as describe
reconstructions. 0

The ecological rami fications of increased
increase in forefite-dominated species) could offset the projected retreat and decline of northerly
dominated species [e.g., black spruce as modeled diynMabl (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 fa®, 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,

overwintering success, population growth rates and dispersal and migration of pest insects and
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disease. Climate change will affect the distribution and theyirtengistation of insect pests

and disease, such as mountain pine {&#B) spruce budworm and lyme disease, which will
indirectly and directly affect the geographic distribution and abundance of other species. Spruce
budworm Choristoneura fumdeis projected to become more damaging in northern parts of the
boreal and less damaging in southern parts of boreal Ontario (€aadd2007). Assessing the
potential for additional range expansion by MPB under continued climate changetalarroll
(2006)discovered that most of the western and central regions of Canada (north of the prairies)
could become climatically optimal (i.e., high or extremeicckmigbility) for MPB by 2041 to

2070 (Figuré8. Similarlypredicting the effect of climate change on Lyme disease risk, Brownstein
et al.(2005) revealed the potential for a significant northern expansion of blacklegged tick (
scapulari;ito Canada due to a projected 213% increase in suitable habitatd80she 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 coulthps natural enemy regulation, making outbreak frequencies
increase and destruction more severe (e.g., Fleming and Volney, 1995). Assessing the white pine
weevil(Pissodes stk [Coleoptera: Curculioniddelzard in the Mackenzie Basin, Northwest
Territories, Siebeet al.( 1 99 7) di scovered that 6high hazar
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 greatesttarabwarming expected to
occur in winter, warmer temperatures may allow insect pests to improve tvaitenieg success
and expand their range into protected natural areas currently unaffected by the insect pefsts (Sieben
al.,1997) (see Secti@rB 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 agsificant increase in the distribution and abundance ofwedemfish 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 (Magals997).
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Figure 18Current (1981-2010) and future (2041-2070) potential distribution of climatically
suitable habitats for mountain pine beetle in Canada . Source:Carroll et al. (2006: 1.
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Given the high RMRs reported above, and the potential for large shifts in ecological
composition, structure and function, t here ha
species to adapt to changing climatic conditions. Because biomesyatehesx 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 wiinb® evolve (Malcolmet al.,2004; Gray, 2005;

Hamann and Wang, 2005; Overpetcl.2005 Huntley, 2007 Others believe that the complete
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disappearance of critical climate types and dependent species is possibleefVHlll200S;
Thomaset al.2004; Arauget 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 hdragmented ecosystentsxamining over 1,100
ani mal and plants species for sample regions
Thomaset al(2004) estimated that between 15 to 37% (depending on the climate change scenario
used and the gnation capacity of species) coulddb2o mmi t t e dy 2050). ®imilarly,nct i o
Malcolmetal( 2006) found that 39 to 43% of bi ota 1in
under a 2 x C{xlimate (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 increasgtincsbmif increases in
gl obal average temperature exceed 1.5 to 2.5E
others (e.g., Opdam and Wascher, 2004), such estimates may be optimistic when the synergistic
effects of habitat fragmentation, ketbdestruction and climate change on the landscape are
considered (Figur®)®* Given the significance of these results, Thetra&l§2004) concludetiat
0é anthropogenic climate war mi ng yaéfandkea st i san
|l i kely to be the gre(@est threat in many i f n

Davis and Shaw (2001: 678) noteddhiéhough examples of persistence through repeated period
unfavorable climate are documented in the fossil reegtidp#tiemeard extinctions suggests that limits to
adaptationar e gr eat est during periods ofChangepind <c i
ecosystem composition, structure and function resulting from climate change will require a
assessment of approaches to biodiversity conservation globally and indeed in Canada. Such change
raise important questions about protected natural area systems with a mandate to include a
representative sample of ecosystems and unique or rareobpéatied, national and/or provincial
significance.

34 Malcolmet al(2004)evealedhat estimated globabrming induced rates of species extinctions in tropical hotspots
in some cases @earled those due to deforestation, further supporting suggestions that global warming is one of the
most serious threats to biodiversity.
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Figure 19lllustration 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)
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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 areasre first established to provide recreational, medicinal, spiritual and
economic benefits (Marsh and Hodgig98). In the late 1800s, the protection of natural heritage
features was perceived as a secondary benefit. Now, howeaaed natural areas are viewed as
the most common and effective response to ecosystem decay and biodiversity loss drfdrare calle
under the Uni Cendentibhaoh Biaagisab DiWEIEB)) (Article 8). Systematic
protectednaturalarea planning was not introduced as a planning tool until th20thiccentury
and largelgrose out of recommendations put forthhayInternational Union for Conservation of
Nature (1 UCN) to establish a network of or e
(Dasmann, 1972 and 1973). Globally, support for this represdrgatidrapproach to system
planning manifested itseff 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 (Dasmama, 1972 a
1973) . The 1 UCN classification system util:@

variables (i.e., temperature and precipitation) and vegetation as the basis to form a hierarchical
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classification of ecosysteifise IBP surveyed forthe pree c t iremp r efs et amoundv e hab
the world and, before the program was terminated in 1974, had inventoried 1,651 sites across
Canada for representation purposes (Dasmann, 1972 and TB&3gcoregion classification
approach to protected natuaaeas establishment introduced by the IUCN would later be adopted
and tailored for specific application by man
starting in the late 197@scluding Parks Canada (Parks Canada, 1997).

Federaland povincial/territorial system planning primarily focusing on representing
samples of Canadads biodiversity reached a pi
Wil dl i fe Fondamgéred Spavés/EFnPaigN1990) and the signing of Btatement of
Commitmento compl et e Canadads nebywanadkas Paké Mimsterst e c t
in 1992 (FPPC, 2000). Through this commitment, Ministers agreed to make every effort to
oécomplete Canadads ati wer bk §-hagktl mpmrlacgiens bydhd gearr e
2000 and accelerate the protecti andtoofeadopeas |
frameworks, strategies, and t(FRRERO&Bes for th

Across Canada, almost 100 million hectares of terrestrial protected natural areas have been
set asi de, an amount wequal to 10% of the cour
(Figure20). While the national protected natural areas network has grown about 19% since 2000,
no federal, provincial or territorial government has yet fulfilled th&th@&aent of Commitment
complete a network of protecteaturalareas representative ohGad a ¢based ratardl regions
(Government of Canada, 2006) Fr om an Oecoregion agfepCarsaedd @ad
ecoregonar e considered to be provided a o6d&i ghd |
protection (6wd oprl@t¥ct i4daln 9(%< 6%)o, naurathreal®b . 6 % h
all (Government of Canada, 2006) (Figuye

Currently, Canadaos Nat i on al(ParkB aCahkada, 1997 tamdm Pl al
provincially/territorialhpbased system plangith the exceptionfdNunavut,have adopted some
form of enduring featurdsasedecoregionabr biogeoclimatic classification framework as the main
systenplanning tool for their terrestrial protected natural areas system (Table 6). For example, as of
2006,46 national parks represent@@#tural regiords 72% of Parks Canadado:¢
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represented in the system (Government of Canada®*2806)mi | ar 1y, in Ontario
and 14 o6site regionsd aresentatisrengeds far protectedt natural gt t
areas and the stated intenOafit ar i ods Provinci al PVENR KL99P)lisa n n i n ¢
to establish a protected area in esduistrict As of 2006, 647 provincial pamsnservation

reserves, wiler ness areas and national parks are us
(Government of Canada, 2006)u r t h e r nmepresentation priacigé@as recently reiterated

to be the primary concept used to identify and establish protectechnateral s wi t hi n t he
new Provincial Parks and Conservation RefeRE€RA¢Government of Ontario, S.0. 2006,

Chapter 12) which came into effect in September 2007 (the first update of the Act in over 50
yearsy® A more detailed discussiontpe&ri ni ng to Ontario Parksd p
ecodistrict representation status is presented in Chapter 4.

Overall, Orepresentationo hoteted bawm@loareas t h e
establishment criteria and planning policy for the imajgr o f t he gloremedds c ol
programs and it is currently promoted internationally by the World Commission on Protected Areas
(WCPA, 1998), the World Wildlife Fund (WWF) (OssahDinerstein, 1998) and Agovernment
organizations such as GCemsation International (Myeet al.,2000). However, as previous
discussions have revealed, climate change poses a new thret&rto p@rgistence of biodiversity
and places in jeopardy the planning and management practices that have develdped within
6envel oped of current (¢Scottehal.p0®2) £onsequentlyy exigtiogg e m d
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
protecton formally by means of Order in Council, pursuant to legisltitisnalso interesting to note that
approximately 40% of Parks Canada6s Nat i opricatb thePar ks a
adoption of the O6omtapmrloacecigd otho reystesmnpglagarnni ng.

%The pur pos eProvifcial Parks andiCondesvation ReffeR@RAAE 0 tpermanently prateststem of
provincial parks and conservation reserves that includes ecosystems thab dre repregdertatiie ®fda nat ur al
provincially significant el ements of Ont asforednpatibleat ur al
ecol ogical |l y(2086 cl2, sli)(enaphasicaddee cr eat i on. 6
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Figure 20 Protected natural areas map of Canada. Source: Government of Canad#2006: 4.

Category la Protected area managed mainly for
science or wilderness protection.

Category Ib Protected area managed mainly for
wilderness protection.

Category Il Protected area managed mainly for
ecosystem protection and recreation.

Category lll Protected area managed for
conservation of specific natural features.

Category IV Protected area managed mainly for
conservation through management intervention.

Category V Protected area managed mainly for
landscape/seascape conservation or recreation.

Category VI Protected area managed mainly for
. the sustainable use of natural resources.

Unclassified.




Figure 21Percentage of ecoregion protected . Source: Natural Resources Canadg@008).
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Table 6 Provincialfterritorial protected natural areas strategies, identification and selection premise, land classification
framework, number of protected natural areas, total area protected (ha) and % of terrestrial
Lemieux and Scdt (2005), Government of Canada2006) and Ontario Parks (2008)

PROVINCE

Alberta

British

Columbia

Manitoba

New Brunswick

Newfoundland
and Labrador

Northwest
Territories

Nova Scotia

Nunavut

PROTECTED NATURAL AREAS STRATEGY

Special Places R295)

A Protected Ar8asategy for British Colur

(1998)

An Action Pl an f

Protected Argz300)

Protected Areas St(a89g)

Wilderness and Ecological Reserves Pi

(1980)

Protected Areas Strategy: A Balanced /
to Establishing Protected Aheallanthwes

Territori€$999)
Protected Areas Strategy (1997)

Parks and Conservation Areas Syéitem

development)

PROTECTED NATURAL
AREASIDENTIFICATION
AND SELECTION PREMISE

Natural region representatic

Ecoregion representation

Natural region representatic
based on enduring features
analysis

Ecoregion representation

Ecoregion representation

Ecoregion representation
Natural landscape
representation

n/a
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LAND CLASSIFICATION

FRAMEWORK

6 natural regions/ 167
6Natur al Hi
landscapes

14 biogeoclimatic
zones/112 ecsections

18 natural regions and
subregions

7 ecoregions

9 ecoregions arid
subregions
(Newfoundland) and 10

subregions (Labrador)

9 ecozones/69
ecoregions

80 natural landscapes

n/a

base protected. Sources:

STATISTICS

Number of protected areas: 537
Total area protected: 8,250,133 h
% of land protected: 12.5%
Number of protected areas: 948
Total area protected: 13,313,151
% of land protected: 14.1%
Number of protected areas: 122
Total area protected: 5,470,018 h
% of land protected: 8.4%
Number of protected areas: 106
Total area protected: 237,095 ha
% of land protected: 3.3%
Number of protected areas: 63
Total area protected: 1,838,275 h
% of land protected: 4.5%

Number of protected areas: 19
Total area protected: 13,853,314
% of land protected: 10.3%
Number of protected areas: 75
Total area protected: 472,671 ha
% of land protected: 8.6%
Number of protected areas: 27
Total area protected: 23,223,025
% of land protected: 11.1%



Prince Edward Significant Areas P1891) Habitat type representation 7 habitat types/94 sites Number of protected areas: 184
Island Total area protected: 17,994 ha
% of land protected: 3.2%

Saskatchewan Saskatchewan Representative Areas N Ecoregion representation 4 ecozones/11 Number of protected areas: 4,60¢
(1997) based on enduring features ecoregions/150 Total area protected: 5,939,460 h
analysis 6Landscape % ofland protected: 9.1 %




2.7.2 Limitations of Conventional Approaches to Protected Natural Areas System
Planning and Management

2.7.21Advancements in Conservation Ecology

Recent evidence has questioned the effectiveness of protected natural areasnas long
conservation tools. This evidence has paralleled theoretical and empirical advancements in
conservation ecology, such as idlérgkography (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
pats of these understandings are by no means all recent [Shelford (1933irstkdottak 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 pnatecitdrea
planning and design approaches and are combgelaborated on hefEaple 3.

Table 7#1 1 OOEAOOET 10 1 £ OAT 1 OAOOGAOGEIT AATTTcUsd O bBHC
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

LANDSCAPEECOLOGY CONSERVATION BIOLOGY
BIOGEOGRAPHY
General e Species/area e Characteristics of ¢ Links traditional academic
Focus relationships Omosai csod disciplines in the interest of
landscape biodiversity conservation
e Considers thstudy of e Guiding principles include:
landscape structure, evolutionary change; dynamn
function, and change ecology; and, human preset
Central e Critical in raising e Importance of patch e Investigate human impacts
Themes geometric issues of size, shape, quality e Crisis oriented and value
and protected natural e Consideration of ladend focuses on
Contributions areas (size, shape, corridors, the matrix, approaches to prevent furth
relation, isolation) and natural disturbance  loss of biodiversity
e Critical in regimes e Recognheesnti
understanding the e Important to addressin  biodiversity
effects of habitat populations dynamics e Guidance on how much
fragmentation on in fragmented protected area (minimum
patches landscapes viable area) needed to

(metapopulations) 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., incompaii@s landatrix, climatbange

Inappropriate boundaries not based on ecology

Inconsistency in muitigency classifications systems

eEstablishment is often systematicall y -dvearss

Ecosystem dynamics, processpndistence treated inadequately

I nade qusadfitea lblohmeconservation targets, e.g.,

Overall, current protected natural areas have been criticized as being: (i) too small to
conserve large mammals (including migratory) over thtedon{Newmark, 1985; Noss, 1987;
Gurd et al.,2001; Nudds and Wiersma, 2005); (ii) seldom located in daesdateere land
productivity and opportunity costs are high (Presssdy1996; Scotet al.2001); (iii) based on
inadequate, percentdgesed, uniform targets (Rodrigeeal.2004; Coulston and Riitters, 2005);
(iv) not based on ecological regMpss, 1987); narrowly focused on biodiversity pattern over
process (due to a focus on representation complarity) (Pressey, 1994); andsensitive to
climatic and ecological change (e.g., &cat002; Hannabt al.2002a and 2002b; Lemieund
Scott, 2005; Scott and Lemieux, 2005; Scott and LeZ0i@r)x

Presseyet al.(1996) and Scotét al.(2001) found that protected natural areas are
systematically biased towards marginal landscapes by tending to be remote, rugged and scenic [wha
Hal |l and Shul ti cwo r tl1®I9a/Mts redardstatusifdrio, pacentigded o
targes, 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 planningisthefa hat t he Oper ce
already protectedd in a given country or bior
needs (e.g., Warmanal.2004). Rodriguest al(2004) similarly emphasized that uniform targets
inappropriately ignoréthe 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 protedgoridrmeet
standard conservation goals (&lgsquinet al.1995; Soulé and Sanjayan, 1998; &ads2002;
Rodrigues and Gaston, 2001; Caatal.2003; Rodriguest al.2004. These figures are well in
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excess of the 10 and 12% goals seghbgttheBruntland Commis@MBGED, 1987), th€aracas
Congress on P&WEPA, 1993) and the IUCN (1994), respectively. Collectively, the studies
reviewed here question the effectiveness of such uniforsizefiis-all conservation targets
which, ifviewed as a politically expedient-basad, conservation ceiling, could potentially impede
biodiversity protection over the leiegm.

Protected area establishment approaches adopting repredeatatigorinciples are based
on recent information ahbt the distribution and abundance of ecological features. Pressey (1994)
noted that such representatised approaches to conservation results in bias in the content of
reserve systems, leaving some species, communities or ecosystems without plotectien,
significant differences in boundary delineations by different agencies upon which representation is
based have essentially created a consistency
classification bounSiseem Plg¢Rarks[Canadp.1997) Reasuskilse WOrldn a d &
Wildlife Fund (Olson and Dinerstein, 1998)]. In this regard, since ecoregion classifications by nature
have been tailored idiosyncratically and without consangubecause many proteatedural
areaswer established prior t @nifcoheremadystei foyidentiying p | ar
sites for inclusion in a system of protected natural areas has manifestad ttseif longerm

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, Earthds network of protected nat
natural features, species and communit&f) not taking into account shifts in ecosystem
composition, structure and function that could be induced by climaaigecThe syntheses
presented within this Chapter suggest that climate change and its ecological effects will have
considerable implications for Earthods biodive
policy, planning and management aguires 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/invasigpecies; iv) recreation and tourism assets; and v) ecological disturbances.
In this conext, a recent report by the World Wildlife Fund (WWF) (2003a: 1) emphasized that
oéprotected areas offer a | i maldhange [athd} frazestedeareas g a
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wi || themselves need to be changed andA adapt
growing number of authors worldwide contend that climate change has the potential to undermine
over a century afonservation effortdHélpin, 1997Rutherfordet al.1999; Scott and Suffling,

2000; Scotet al.2002; Hannalet al.2002a,b, 2005, 2007; Hossekl.2003; Télle¥aldés and
DavilaAranda, 2003; Hannah and Salm, 2005; Lemieux and Scott, 2086d $@mieux, 2005;

Welch, 2005; Pyke and Fisher, 2005; Aea(gh2005; Harrisoret al.2006; Scott and Lemieux

2007; Hannaht 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 Lemieuxet al. (2007).

PROTECTED NATURAL

AREASPOLICY AND/OR CLIMATE CHANGE | MPLICATIONS

M ANAGEMENT | SSUE

Protected Natural e Speci es® bi ogeocl i mati c aaturaleatea
Areas Policy, Planning representation targets may be compromised as they emerge ic
and Legislation represent or not represent all the species, ecosystems and habitats

originaly designed to protect.

e Protected natur al areas manage
targetdé of ecological represent

e System goals as tabled in legislation and system plans may
interpretation (what to protect: histerigrentfuture species/ecologic
processes and not species?) and possible revision.

Protected Natural e Future noranalogue species are excluded from current -stete
Areas Establishment establishment frameworks.
and Design

¢ Intervening areas may emerge as important areas to help achieve g
commitments.

¢ Protected natural areas boundaries may require adjustment to helg
protection commitments.

e Protected natural areas management plans and conservatiorwiiar
require revision if established management objectives are no longer \

Protected Natural e Current protectedhaturalarea habitat may emerge to be unsuitabls
Areas Habitat and species that it currently supports (e.g., species unable to acclin
New/Invasive Species changing climatic and ecological conditions).

e Current protectedaturalarea habitat may emerge to be suitable for s)
it was origally unable to support (i.e., species currently occupying ni
more southerly located ecosystems).

e Invasive species may expand their biogeoclimatic envelopes northw
emerge to be a more pervasive management issue in protected nat
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located in these areas.

Recreation and e The availability of some recreational opportunities may decline in son
Tourism Assets (e.g., crossountry skiing) while other/new recreational opportunities
increase/emerge (e.g., climatic suitability for camping in shoulder sea

¢ A range of managemassues could be affected, such asfesallection,
environmental operations (e.g., increased fire bans and beach closi
staffing needs (i.e., to take advantage of an extended operating perio

e Visitor management plans may need to be reeiged Hlow manage fi
potentially large increases in visitation due to extended and improve:
tourism season?).

Ecological e Many ecosystems, such as the boreal forest, depend on fire a

Disturbances outbreak frequency patterns of disturbanceefeewal and maintenance
ecological integrity and may emerge to be more important agents ol
than increased temperature and precipitation levels alone.

e Ecologically, increased distribution and frequency of disturbances m:
in increased drgbution and dominance of early successional ecos)
dominated by fire adapted species

¢ Wildfire management plans may require revision (utilizeestabdéish ol
maintain current ecological representation or facilitation adaptation)?

e Natural resource managers may find it increasingly difficult to acl
balance between protecting s@&wgonomic values (such as fore
interests), protecting representative natural values (such as
endangered species and ecosystems), prothetinge of fire in restorin
and maintaining ecosystem heatiénaging for carboand managing pe
outbreaks (e.g., spruce budworm and mountain pine beetle) under
change.

One of the more important policy implications of climate cltamgerns protected area
system planning frameworks. As notikdederal and provincial/territorial jurisdictions in Canada
have adoptedor are about to adfpsome form ofenduring featurdsased,ecoregion or
biogeoclimatic land classification system as the main system planning framework for their terrestrial
protectednaturalarea systems (refer back to Table 6). For example, in the 1970s, Parks Canada
delineated O6natur al rotland and \egetatmrafsrmationowith thelgeal a p p
t oé por ot al timaepfesentative natural areas of Canadian significance in a system of national |
encourage public understanding, appreciation and enjoyment of this naturalihantagmisedafoto |
future generatians ( Par k s , @mhasisdaadedSdcBfranieworks are based on static
climatic and ecological paramet&snsequently, these system planning apgoace essentially

conserving snapsha$ the current lmclimatic landscape at a given space and time. Protected
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natural areas established under this principle may prove toepnelnt or not represent the
species they were originally designed to protect in an era of climate change.

For example, Scagtal. (2002) examined the extent to which vegetation distribution might
be altered in Canadads national par kglobay st em
vegetation modeG{/M) scenarios, a novel biome type appeared in more than halhatiaghel
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
t hroughout Canadads e hdrdagsgstein.eOf theredrly 3,080 profeated t e ¢
natural areas included in the study, vegetawaiellingresults projected that 28 (conservative
scenario) to 48% (extreme scenario) of Canada
bioclimatieenvelope type under 2 x €€bnditions (Table 10). As would be expected, the greatest
bioclimatieenvelope 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 100 OT EAAOAA AET I A AEAT CA ET # &dad Acb®® (byp OT OAA D/
designation type). Source:Lemieux and Scott(2005: 391)

MAPSS BIOME3
0, 0,
e on.  #orPas (change e
UKMO GFDL GISS MPI
CM2
National Parks 38 61% 58% 58% 47% 42% 39%
RAMSAR Sites 44 48% 43% 36% 18% 34% 34%
Migratory Bird e & o e e o
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 2,979 1,426 1,371 1,168 832 1,418 1,093
Change (%) 48% 46% 39% 28% 48% 37%

*PAs=Protected afealt GCM scenario names can be found in Abbreviations and Aitrnyms section of
dissertation.
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Modeling studiedor protected natural areas locatedther parts of the globe indichte
similar results (Figur22). A number of analyses sugggsignificant changes to ecosystem
composition, structure and function in South Afiécg., Rutherfordt al.1999; Bomharet al.,

2005; Thuilleet al.2006a and 2006b}-or example, the first regional il of climateehange

effects on a biodiversity hotspot suggested major vegetation shifts in the Succulent Karoo and Cape
Floristic Regions of South &fa (Rutherforet al.1999). The highly diverse and endemic arid flora

of the Succulent Karoo is projected to collapse southward under a, 8ce@@o. Under this
scenario, the Succulent Karoo hotspot is projected to lose more than 80% ofritttibicatige
(Rutherfordet al.1999) Furthermore, five South African parks were projected to lose more than
40% of their plant speci¢Rutherfordet al.1999) In a separate study, Bomhatdal.(2005)

examined the potential impacts of climate ehémgthe conservation of 227 Proteaceae taxa
(plants) endemic to the Cape Floristic Region. The authors discovered that updbthae7
Proteaceae taxa listed on the U Listvould beuplisted (i.e., become more threatened) by up

to three o0t hr e alimatecchangdpats as predidtedifdr thef 2020s1areeincluded.

In addition, the proportion of threatened Proteaceae taxa rises on averageithya®&m@eof 2

to 16% depending on the scenario). With increasing severity of the climate change scenarios, the
propa t i on of 0 cr tataiincreaseiroyn about doaro gured ralenast2% of the 227
Proteaceae taaee projected todzome extinct (Bomhaed al2005).

In addition for South Africa, Thuilliet al(2006a) estimated the sensitivity of 141 national
parks in terms of both mammalian species rich
the authors revealed that 10 to 15% of t he
endanger é6d®t iReddistétegdries®W2050 and it will rise to between 25 and 40% by
2080 (Thuilleet al.2006a). Assumirignlimiteds p r e apmkdes, thé authors found less extreme
results, with proportions dropping to approximately 10 to 202088 Thuilleet al.(2006b)
similarly assessed the impacts of climate change on vegetation structure and function of 159 species
endemic to Namibia. The authors discovered ¢hwadrfthan 5% are predicted to experience
complete range loss by 2080However,more than 47% of the species are expected to be
vulnerablewith arange reductionf up to430%) by 2080 if they are assumed unable to migrate
(Thuilleret al.2006b).

Assessing the ability of existing ressglection methods (i.e., representation) to protect
species under a changed climate in Europe, Ataili@004) found that 6 to 11% of 1,200 plant

species model would be potentially lost from selected resevithin 50 years. Within this range,
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the authors projected that 5% of the species would losentireiclimatic envelope and 2% of the
species modeled would have -owerlapping distributions. Examining the northwesie®)
Coulston and Riitter2@05) also used a climate envelope approach to identify the effectiveness of
current protected natural areas in maintaining suitable Efou@lasedotsuga menkieslimatic
habitat under future climate change. The authors found that as mug% as ddrrent protected
naural areas could lose suitdddelimatic habitdor the speciesithin the next century.

Taken collectively, these modelling studies indicate that repredessatioapproaches to
conservation may not be optimal for theewral persistence of biodiversity. Moreovedelting
of individual species response to projected climate change in North America also reveals another
policy dilemma for protecte@dturalarea agencies in North America: the northward shift of species
from the U.S. Ranges not currently in Canada
6alien speciesd and it could be interpreted
interventions (i.e., control and removal) (Scott and Lemieux, R@®&hcial level definitions of
invasive species, generally considered a spec
account for species response to climate change.

Although the arrival of a new species may be identified asieermagabme of climate
change and a negative impact on a proteetedalarea, it can also be interpreted as successful
autonomous adaptation by a species to anthropogenic climate change thereby adding further
complexity to species management deciSoont and Lemieux, 2005further to this point, the
Canadian Species at RiskeAéti nes a Owi Il dl i fe speciesd as a s
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 endangeredSrihthenaturally expands
its range into Canada under changing climate would not qualify for protection as a species at risk
under theCanadian Species at Rig8dait and Lemieux, 2008)v er al | , s uefhi résrtedp r ¢
principles face signifidganterpretation 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 ingitotected

area systems of the future.
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Figure 22Examples of potential climate change impacts in protected natural areas around the world
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EScott et al. (2002); 2=Lemieux and Scott (2005); 33ones and Scott (2006a and 2006¥4=Hall and Fagre (2003); 5=Burnst al. (2003); 6=Bartlein et al. (1997);
7=Coulston and Riitters (2005);8=Téllez-Valdéz and DavilaAranda (2003); 9=Rutherfordet al. (1999); 10=Hannaltet al. (2005); 11=Bomharet al. (2005); 12=Thuiller
et al. (2006a); 13=Thuilleret al. (2006b); 14Araujo et al. (2004); 154).K. Climate Impacts Programme (2001); 16=Williamt 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 mesesyement plannirgyto 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 us
responsible for protecyirecosystems representative of the natural region within which it is located.
Scottet al(2002), Lemieux and Scott (2005), Scott and Lemieux (2005) and éeal{@007)
have drawn on a number of specific examples from protected natural areasemiapkyes to
highlight management implications of climate change at the individual protected area level.

For example, the stated purpose of Prince Albert National Park B to,0 taletim¢he f o r

ecological integrity of a natural area ofgbéditatiea epresentative of the southern boreal plains and plat
€ 0 (emphasis added) All six vegetation change scenarios examinecbglQOfP) projected

the eventual |l oss of boreal forest ildnbe t hi s
unsustainable in the long term. Similarly, Lemieux and Scott (2005) found that the stated purpose of
Pukaskwa NatipomdlecPar Kotroadl|l time, a & empmrdesen
to protect woodlcamd coareisbeaw adusiomg aocdsempes 6 ( Par Kk
be realized Oo0for al | timed as species begin
Finally, using Quetico Provincial Park as an
Lemi eux and Scott (2005) emphasi zedo0dphradt etchte
representative portioné [of] é mod@ntarioParkgl ogi c
1995) is operationally vulnerable to changing cliamatiecological conditions because of its stated
commitment to proted@noderrdbiological environments.

Ultimately, the ecological manifestations of climate change will be such that the established
species management objectives of some protected asasawill 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 ParManitoba), Seager Wheeler Lake Representative Area (Saskatchewan) and
Woodland Caribou Provincial Park (Ontario) [see &a@{R002), Lemieux and Scott (2005), Scott
and Lemieux (2005), Scott and Lemieux (2007) and Letrad{®007) for more ergles]. In all
instances, the established management and protection commitments inscribed in individual
protectednaturalarea 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 touriswhich is an important mandate of many protected natural areas. Visitation to
Canadads protected natur al Gimageanfiuences thes ghysicah gl vy
resources (e.g., water levels, snow cover and wildlife species) that provide the foundation for
outdoor recreation (e.g., boating, coosmtry skiing, bird watching), defines when specific
activities can take place (dgach use, swimming) and influences the level of visitor satisfaction
(Jonesand Scok006a and 20060b) . Canadads national a
naturebased tourism and any changes in the length and quality of recreationngeasdnky
climate change would have considerable implications for park visitation, revenue and management.

Two recent anal yses indicate that Canadabo
increase in visitors under climate change due to a ledgthdnenproved warweather tourism
season (Jones and S&@06aand 2006). 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 beten 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
warmweather recreation activities. Some of the larger increases were funojeatiedal 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 55.184). mi | ar results were pr
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
peoplevisiip Ont ari od6s provincial par ks was project

Changes in the seasonal timing of increases in visitation will be an important issue for
protected areamanagers in Canada, since these changes will influence a range of mhanageme
issues such as u$ee 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 petibdlace 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
potental conflicts among park users (Jones and Scott, 2006a).

The evidence presented in this section underscores the importance and in some regions the

i mmedi acy of the <c¢climate change O&6probl emd f
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Representaticpa®d protected natural areas system planning approaches are based on
contemporarynformation about the distribution and abundanaeatfralfeatures and share the
fundamental assumption of climatic and biogeographic stability. Compositionally spesiking, cu
protectechaturalreas are essentially conserving a snapshot of biodiversity at a given space and time
and therefordnave a limited lifspan when considering the kbeagn persistence of biodiversity

under changing climatic and ecological corslitiévs 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 cumentty h i ro rad edr foi rosft ecol ogi c
the modern anthropogenic global warming episode (i.e., adjusting phenotypes and minor
adjustments in geographic ranges) (Barneskt003). Howeveg growing number @uthors
contend that if climatehange goes outside the bounds within which species and ecosystems have
adapted to over the past several interglacial peviddspread extinctions may result (Thahas
al., 2004; Parmesan, BOOPCC, 2007b).Although there is much uncertainty over timing,
extent and manner in which ecosystems and other protected natural areas assets (e.g., tourism anc
recreational opportunities) might respond to evolving climatic conditions, this does not diminish the
need for identifying, assessing and implémgemtdaptation options that could reduce the
vulnerability of Canadads protected natur al a
anticipated climate change. Indeed, many authors call for substantial investment in climate change
adaptation Y the conservation community (Haneahl.2002a; WWF, 2003a; Scott and Lemieux,

2005; Lemieux and Scott, 2005; Welch, 2005; Hahra2005; Lovejoy and Hannah, 2005;
Hannahet 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 area agencies and organizations (e.g., habitat loss and pollution), climate change has
emerged as a topic of significant concderniationally 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 politicalexyi@cal context. This has resuitea

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 naturah-siygtems
typically have not taken into account potential shifts insemnsgomposition, structure and
function, especially those large scale, multifaceted and potentladgan@hanges 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).  Aaissdaire approach to climate change a&akign 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 climachange (IPCC, 2007a), even with aggressive greenhouse gas
emi ssion reductions, mo s t of the O6response b
Storch, 2005). Therefore, adaptation as a response to climate change will be imperative for
proteced 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 sificant challenge for polioyakers and decisiomakers. Having said that,
stable climates and ecosystems can no longer be assumed. A ptotety@nd coordinated
response will be essentidgencynandat es t o pr ot ect aldvesimont s of
perpetuity are to be realizadd if agencies are to take advantage of the associated benefits of
climate change, such aspbtential economic benefits associatedimdtbased visitation

Important issues pertaining to the adequipyotectednaturalarea system planning and
management objectives under climate change scenarios, as well as the use of active managemer
strategies, such as prescribed burning, speicigedaction 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 mainstreagsegoptions into major program
areas (i.e., opcy, system planning and legislation; management direction; operations and
development; research, monitoring and reporting; corporate culture and function; and education,
interpretation and outreach)

The following sectiorxaminsthe 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 adaptddiea concepts are described.
Interspersed within this section are reviews of scholarshigotitabute 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 opportunitiesh) 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 definitiontatbadap
are found in the literature (e.g., Pielke, 1998e6atii999; Smiet al.2000; Brooks, 2003; Smit
and Wandel, 200@rigure 23) At the core of these various definitions, however, a unifying and
dominant theme does emergadaptation uslig refers to grocesactioror outconie a system
(e.g., sector, region, country) in order for the systémttey cope withnager adjusto some
changingconditiprstresshazardrisk or opportuni@mit and Wandel, 2086)While bases for
adaptation differT@ble 1}, in general, adaptation measures semegltice vulnerahititjincrease
resilientya syster{Smit and Pilifosova, 2003)ften considered as a government policy response,
adaptations also involve derisnaking at other levels, including at the business/industry, local and
individual (Smithers and Smit, 1997; Smit and Skinner, 2002; Smit and Pilifoso®as2d0).
their timing, adaptations canasgicipatofiye., proactive @ax anjeconcuanii.e., during) oreactive
(i.e., responsive @x poptto environmental chandg®mit and Pilifosova, 2003Furthermore,
depending on their degree of spontaneity, they eardmomaurplannefle., strategic, active, and
consciously plannedsponsesvhich require or result from deliberptdicy or planning dgcisions
(Frankhauseet al.,1999; Smitt al.,2000; Smit and Pilifosova, 2003)Vhile soci@conomic
systems have the capacity to adapt to climate change in an anticipatory imandely sccepted

37 For consistency purposes, this dissertatioptsthe definition of adaptation provided by the IRE@7b: 869)
which is angAdjustment in natur&luonan systémresponse to actual or expected climatic stimuli or their effects, which mod
harm or exploits beneficial opportunities. o
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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 autonmaalaptation of species and ecosystems and incorporate
these into planned adaptations of protected natural areas policy and management.

Table 11Bases 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 Autonomous Plar?ned .
stimulus (e.g., unmanaged natural systems (e.g., public agencies)
Reactive Anticipatory
Action (post) Concurrent (ante)
(From observed (during) . e
modification) (prior modification)

Short term
. . Long Term
Temporal Scope Adjustments, instantaneous, . . .
Adaptation, cumulative, policy
autonomous
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.patawjiciwhile some
adaptations will inevitably have to be reactive (i.e., in response to unexpected impacts), in general the
literature suggests tHaissefaireapproaches to adaptation have several potential drawbacks (see
Burton 1996; Sm#et al.1996; Smith, 1997). These drawbacks include the possibilities that: (i)
forced, lastinute, emergency adaptation or retrofitting will be less effective and more costly than
anticipatory or precautionary adaptation over thedomg(e.g., segtern Reg 2006); (ii) climate
change may be more rapid or pronounced than current estimates suggest and, consequently, may
result in increased vulnerability of secimlogical systems to unexpected events (e.g., seeePittock
al.,2006); and (iii) not adaginow may result in irreversible impacts (e.g., species extinction) (e.g.,

see Thomast al.2004). Furthermore, some forms of adaptation will require considerable lead
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time, especially where major policies, institutional changes or innovationsede$aoj@t 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 23Adaptation in the climate change issue.  Source: Smit and Pilifosova (2003: 2)
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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; (mpthtance 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, the capacity to prepare for, avoid or moderate and to recover from climate
change effects). Adaptation is intimately associated with the condepterabilit§ @daptive
capacitfa nd O6r.esi Adaemtciede c ap a c idopingiargye anai$ dhapedtandv e o
constrained temporally (i.e., it is dynamic and flexible) with changesdoosmeiac, political and
institutional conditions (Figure 24) (Smit an
coping range is deéd by the conditions that a system can deal with, accommodate, adapt to and
recover from (de Loé and Kreutzwiser, 2000;e3mi2000; Smit and Pilifosova, 2003). Similarly,
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vulnerability and its elements of exposure, sensitivity and adaptivwe aiagdbieir determinants
are dynamic (i.e., they vary by type and from stimulus to stimulus and amedpdststerspecific)
(Smit and Wandel, 2006).

While vulnerabilitandadaptive capacity have been increasingly connected with eachother,
the resiliece knowledge domain, whiws a background in ecology and mathematics with a focus
on theoretical modelsee Holling, 1973has been less integrated (Janssen and Ostrom, 2006).
However the concept ofesiliene s integral to the conceptual framewas&d to study climate
change adaptationThe fsilience perspective emphasineslinear dynamics, threshglds
uncertainty and surprisend examines how periods of gradual change interplay with periods of
rapid change and how such dyicarmteract across temporal and spatial scales (Folke, 2006). With
respecto climate changdiodiversity and protected natural areas, the resilience d¢ortbept
challenges th@ominant stable equilibrivemp pr oac hd ( i - oe enduringfeairpsr e s e n't
basedd system planning approaches) used by pr
for perpetuity ecosystems and species of significance. The resilience perspective shifts policies from
those that aspire to control change in sgstssumed to be stable, to managing the capacity of
socialecological systems to cope with, adapt to, and shape changee{BrR663; Smit and
Wandel, 2006)Folke (2006) emphasized that resilience is not only about being persistent or robust
to disturbanced 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.Walkeret al(20@1) and Adgeet al(200%) have argued that amaging 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).

Il n broad t er mse.capacitysvylretalsland resilienckre plltfunations of
various dynamic factors acting synergistically. These factors include: (i) the range of available
technological options; (ii) available resources (and the distribution of resourcesjryatutbeof
critical institutions (and the criteria used for deaisaking); (iv) human and social infrastructures;
(v) access to rigpreading mechanisms; (vi) access and ability to create credible information; and
(vii) the publsigmficasnce pfehe impapt(Yiole and ddl, 200Zhis 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 wagcthaoball,

economic and natural interes#oreover, 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 dimensioretortbertainty involved in future climate projections.

Figure 24 Climate change, extremes and coping range. Sources: Smit and Pilifosova (2003)
and Smit and Wandel (2006)
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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), spatiéd.gcolpeal, widespread) and
form (e.g., technological, behavioural, financial, institutional, informationad) &2M00; Smit
and Skinner, 2003mit and Pilifosova, 20@nit and Wandel, 20@urton, 2008(refer back to
Table 1). It is also possible to distinguish adaptations according to the degree of adjustment or
change required from (or to) the original system (Reskay1999). Scholarship has recently
progressed from identifying types and forms of climate changsi@adp 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 ofteferred to agmainstreamirig(Smit and Wandel, 2006; IPCC,
2007Db; Kleiret 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 (Bettai.2006; Burton, 2008). To the extent that
adaptation has been present in policy at all, it has primarily beercdnteke of mitigation
negotiations (Burtoet al.2006). As Prins and Rayner (2007: 975) emphasized in thisdoconkext
policy community suppressed discussion of adaptation out of fear that it would blunt p@sarguments fi
mi t i g WMdra reaentlyy 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; andn@ijitdtelity of future climate
change even with aggressive GHG emission reductions (see previous discussions in this Chapter)
(Smit and Wandel, 2006; Burteinal.,2006; Burton, 2008) Moreover, faced with imminent
warming, adaptation has a fasteraresp 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 seemi os coul d be moderated or of f set b
Wandel, 2006). However, as Smit and Wandel (2006: 284) emphasized, this work characteristically
ddo. . . not empirically i nve s taptagicn bredaptideaapaciyt expbores |,
the conditions or drivers that facilitate or constrain adaptations, or -doekinggprolce sbassauthorities
and mechani s ms Themajorlinitatidn of snch stutliasp theaatithoedndat that
they rarely investigated the processes through which adaptation measures are undertaken, either in
light of climaticchange specifically as part of policy and decisiaaking processes to which
adaptations to climate change might relaté §8dhWandel, 2006).

Climate change adaptation scholarship has incrementally moved from theoretical adaptation
towards examining pragmatic adaptation and a number of Canadian resource mspacjément
case studies now exist primarily within the agralule.g.., Snet al.1996; Bryarat al.2000; Smit
and Skinner, 2002), water (e.g., de Loé and Krutzwiser, 2000gtal 2091; Iveyet al.2004)
and forestry (e.g., Spittlehoaseal.2003; Spittlehouse, 2005; Ohlsoral. 2005; Johnstoand

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 ld¢hatetlave influenced the institutional
achptation process in thesectors (Tablg?). 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
al.(2000: 241) concluded tiat adapt ati on tends to be increme
be in response to multiple stimuli (usually jravtburey catalyst) and to be constrained by economi
technological aneesocion o mi cEmpiracal eksults framrite liteérature suggest that many factors
shape the character of adaptation experiences and processes, including: ipimtef phetatgnal
relative to context; ii) newness of the approach; iii) consumer values; and iv) local and provincial
political agendas (Shephet@l.2006). As such, it is often the current contesdlated to climate
changehat can encourage oepent adaptation.

One of the O6earlyd studies pertaining to ¢
Tol et al(1998) revealed a number of shortcontimgsare very much still largely relevant today,
including: i) making simple assumptions tahdaptation (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 theyvar@iptacking comparative analysis; and vii)

assuming perfect foresight and ignoring the propensity for rapid, unexpected events.
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Table 12# 1 1 1 11

Governance

edpolitical di scor

and funding horizons (expectation of
realizing return on investments) impe
longterm approach to adaptation

high turnover of governments and los
of key O6champi ong
skills and capacity as well as the poli
will to continue with adaptation

poor coordination and integration:
between levels of governments, betw
relevant departments arwicss
geographic scales

6spatial spill ové¢
potentially increase impacts on other|
reduce their capacity to adapt not we
understood

institutional fragmentation: climate
change adaptation isolated from othe
agendas due to its ihstional location
usually within 0c¢
and departments

not engaged with scientific communit

general unwillingness to involve
stakeholders in policyaking processe

more immediate perceived
problems/issues

unwillingness to aqatéincorporate

uncertainty into decisianaking

Policy, Planning
& Management

unknown roles and responsibilities a
general lack of awareness by policy

makers about risks posed by climate
change, and how these relate to othg
mandates and management prioritie

lack of supportivpolicies, standards,
regulations and design guidance

existing legal or regulatory restriction

low priority item in the course of daily
duties (thus operating on shoot
mediumterm planning horizons for
both political and financial reasons)

institutonal and policy barriers (no
requirements for adaptation strategig
nor are there guidelines and sufficie
experienced personnel to aid in such
activities)

no authority to select let alone
implement adaptive measures

¢ funding unrealistically low
e competition for public funds
¢ uncertainty of future markets

¢ lack ofincentives for climate change
adaptation actions beyond that
currently available

e lack of internal expertise in climate
change science, including risks and
vulnerabilities, and experiendth
adaptation

edmainstreaming f|

those actually engaged in climate
change adaptation issue

Al E| Avaskd oh Ehédxignhlitefatird D OAOET 1

Human &
Financial Capital

Informational

uncertainty in magnitude and timing
future climate change and impacts

appropriate tools not readily availabl
for decisiormaking andmplementing
organizations

limited knowledge of risk and
vulnerability

limited access wimate risk
information

lack of information at scales relevan
different stakeholders

data sharing at all levels, between
jurisdictions, and across scales i
generally noexistent or poor
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Judging the success of adaptations at different institutional and geographical scates, Adger
al. (200®) 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 notweterstood; and iii) the politiethe 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. Simiér to Adger
a | (20®B) later conclusions, de Loé 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 geoggeal@s 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 (ssch as those notedTiable 1» a number of
useful principles and criteria necessary for the development of effective anticipatory adaptation
policies have been identified. The use ofptleeautionary princi@ler mo-regretdactions can
help decisiomakers identify policy options which respond to the concerns about the costs of
action, possibility of maladaptation and scientific uncertainty ¢5atif001; de Loét al.2001).

The Stern Repd&006) also emphasizédditt it is more economical to take measures that are
proactive and support megrets measures. While they may not be sufficient on their ewn, no
regrets measures are consistent with sound environmental management (i.e., sustainable
management) and wiseorgse use and are beneficial and cost effective even in the absence of
climate changésian Development Bank, 2005)

Smith (1997) stressed that policy shouldldably designédo enable quick adaptive
responses under a variety of conditions (ven gncertainty). Characteristics of a flexible policy
would include its ability to l@®busbt(i.e., able to function under a wide range of conditions) and
@esiliend(i.e., a system that can quickly repair or adapt itseH attrturbation) [Smi(h997) and
see previous discussiorgonsistent with the concept of flexibility, de dta#(2001) emphasized
that adaptations should Beversiblégiven the considerable uncertainty associated with future
climate change impactmit et al.(2000)recommended that future climate change adaptation
analysis should: (i) address real local vulnerabilities (to ensure that stakeholders buy into the issue);
(i) 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 decistamaking processes (so that adaptation initiatives are developed relative to
other conditions and have the best chance @illgdbeing 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 opticosige.g.,
benefjtequityefficienaygen@andimplementabiliverall, there is considerable semantic ambiguity
associated with their definition and operational contexts. This has invariably limited adaptation
understanding and actitmdate by thosectually responsible rf@lecioamaking and puy
devéopment 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
crossscale relationships, commonly are not addressedlgxplibte literature (Flissel and Klein,
2005). Smi¢ t (ED96: 18)statement over adecade agp tha&&w | mpact st udi es h
reported adaptive responses to cl| iarbhladeron, per t u
consequential and purposeful, tactical and strategic, autonomous and planned adaptations have rare
e mp i rnsithassstill veyy@pplicable today.

The most common and important limitations that can be extrapolated frextathie
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 anduatiah mechanisms that characterize successful
institutional adaptation to climate chamgyepostvaluation, after uncertainty has been resolved)
(Burton, 2008) Given the limitations and broad challenges related to climate change adaptation,
there isa 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 tmeplementation (i.e., who would be involved, time
frame of implementation, resource acquisition and other aspects required to facilitate or encourage
their adoptionfSmitet al.1999) This is the focus of Chapter 4 of this thesis.

2.9.2 Guidelines for Helping Shape Adaptation Policies

Given the challenges noted in Tdl#eto assist in the process and implementation of an
adaptation policy, several scholarly articles and international organizations have prepared tools or
guidelines to help fadlie adaptation policy formulation. Bumroml(2002: 146) defidavhat is
meant by climate change adaptation policy, statieg@lti mat e change adapt at.
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governments, including legislation, regulations archdaterdiviesiidate changescorsatic systems
aimed at reducing vulnerabi | i tChangesocanché madeiih e ¢ h
practicggocessestructure$ systems in response to projected or actual charmgjesate (Burton

et al.2002).

The United Nations Development Programme (UNDP) has prepared a comprehensive
user so gui dAddptatiork PolieynRrameiudi®e, 20d) which includes a series of
technical papers, case studies and relatedrnidalssources designed to provide technical guidance
to stakeholders for developing and assessing climate change adaptation policies and measures. Fou

guiding principles underpin this framework:

i) Placing adaptation in a development context;
i) Building oncurrent adaptive experience to cope with future climate variability;
iii) Recognizing that adaptation occurs at different &eivgbarticular, at the local level; and

iv) Recognizing that adaptation will be an ongoing process (UNBP, 200

Similarly, the AsiaDevelopment Bank (2005) developed a set of guidelines to facilitate the
implementation of adaptation policies (TaBJe While these guidelines are not natural resource
management specific and were primarily devised for developing countries, dlesyamtréorthe
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 rissed approach tlimate 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) skector lev
(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 proceswmture of adaptation (i.e., the adaptive managemoests), and the role of
human agency, choice and values. They also recognize that mamnynd&tigiqgerocesses are
occurring at different scales with different agendas, and are occurring simultaneously each
influencing the other through time (UNEPO20 Such guidelines can kedusy protected natural
area agncies and conservationiented civic agencies to help tailor, implement and evaluate their

own adaptation strategies.
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Table 13Guidelines 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 Mtanage Climate Risks as an Integral Part of Sustainable Development*
Guideline Ensure Intergenerational Equity Related to Climate Risks

Guideline 8dopt a Coordinated, Integrated and L-tamngy Approach to Adaptation*
Guideline Achieve the Full Pential of Partnerships*

Guideline Bdaptation Should Exploit the Potential of Sustainable Technologies*
Guideline Base Decisions on Credible, Comparable and Objective Information*
Guideline Maximize the Use of Existing Information and Managerysens*
Guideline 8trengthen and Utilize-tmuntry Expertise*

Guideline Strengthen and Maximize Use of Existing Regulations, Codes, Tools*

B. Guidelines Relating to Enhancing the Enabling Environment for Adaptation

Guideline ®:Cl1 i mat e Proof 6 Relevant Legislation an
Guideline18it r engt hen I nstitutions to Support the
GuidelinelPnsur e Macroeconomic Policies and Condi
GuidelinelBnsur e Favourable Access to Affordabl e

C. Guidelines Relating to the Process of Mainstreaming Adaptation

Guideline 1@haracterize ClimaRelated Risks that Require Sustained Attention*

Guideline 1Replicate the Knowledge, Motivation and Skills that Facilitate Successful Adaptation *
Guideline 1IBnhance the Capacity for Continuous Adaptation*

GuidelinelZnsur e o0Cl i mate Proofingdé Activities Co
Guideline 18:Process of Continual Improvement in Adaptation Outcomes*

2.9.3 Climate Change and Protected Natural Areas Adaptation

2.9.31International Calls for Adaptation

At the first Conference of the Parties (C®B)the United Natiofsamework Convention on
Climate CharlgNFCCQ in 1995, the parties established a-#tegee framework for addressing
adaptationStage,1 t o be carri-edr mw,t was tthe f0csdhws t on
vulnerable countries or regions anght@dian optionsStage ®as to entail implementing measures,

including capacity building, to prepare for adapt&tiage Bas to entail implementing measures to

38 All decisions related to the UNFCCC COP can be fouhdpatiunfccc.int/2860.php
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facilitate adaptation. The response of the international biodiversity and protectearesgura
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 angasspecific reference to the Convention on
Biological Diversity (UNCBD) and the World Commission on Protected Areas (WCPA). Broadly
speaking, efforts to date have centered primarilypen Activities (identifying vulnerabilities) and

have, on occasi, (conservatively) explorBgbe #pe activities (i.e., capacity building) more often
concurrently than sequentially.
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Figure 25Timeline of major international events and activities related to climate change, biodiversity and protected areas.
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