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Study Background

As humans transform theiosphere in unprecedented ways and rates, loss of biodiversity is
2yS 2F GKS LI IySiQa LINBGIATtAYy3 Sydadaniy YSYy Ol §
human footprint threatens the persistence of wilderness areas that serve as refuges for species
andecosystems. Furthermore, human induced climate change perturbs regional precipitation
patterns and temperature regimes, thereby altering ecosystem composition, structure, and
function, forcing species to quickly adapt to new environmental conditions,at@gor perish.
Against this backdrop, protected areas play a critical role in thetemg conservation of
biodiversity by ensuring the persistence of wilderness areas that sustain species and
ecosystems. Consequently, establishing protected area netmoak been the cornerstone of
global biodiversity conservation efforts. Now more than ever @mgptive systematic

conservation planning is required to combat the novel challenges of unprecedented
anthropogenic pressures in a future characterized by unjgtadlle climate conditions.

¢CKNBS ljdzZFr NISNAR 2F (GKS LI IySGiQa GSNNBAGNRAIFE | N
activities(Venter et al., 2016 the point that they can no longer be considered natural

(Watson et al., 2016Between 2.8 and 3.0 million K@ ¥ { KS LJ) | y Spiofgéted A f RS Ny
be lost by2030 (Venter, Watson, Atkinson and Marco, in presk)s would result in a total of

5.6-5.8 million kn3 of wilderness lost since 1993: an alarming ~15% loss in less than 40 years.

Even in areas such as North America where theghof wilderness loss is much lower, a large

projected loss is anticipated in the region by 2030 (@, 2122 million krd) (Venter, Watson,

Atkinson and Marco, in pres$lobally, wilderness conversion exceeds protection by a ratio of

8:1 in temperate gasslands and Mediterranean biomes, and 10:1 in more than 140 ecoregions
(Hoekstra, Boucher, Ricketts, & Roberts, 206&)man impacts on the natural environment

KIS NBIFOKSR a4dzOK LINRPLR2NIA2ya GKFEG GKS GSN¥Y «a
emergence obubstantial and widespread disparities between habitat loss and protection

across ecoregions and, at a global scale, across entire bigthoe&stra et al., 2005)

LY FTRRAGAZ2Y G2 GKS NI LAR 02y @S NHEeniyipadsiof 2 dzNJ Lt
climate change pose a significant threat to biodivgrthat is challenging to predict.
Anthropogenicallydriven dimate change has already begun to impact critical climate regions

and is now recognized to be one of the most serious threats to biodiversity and the

conservation thereofLemieux, Beghey, Scott, & Gray, 2010limate change induced by
humangenerated greenhouse gas (GHG) emissions is now implicated in a myriad of coincident
impacts. These include disturbances in regional precipitation patterns and temperature

regimes, sea level rise, severe weather events,drahges in ecosystem composition,

structure, and function (IPCC 2007a, 2007b; Lemmen et al. 2008).



Global climate change is proceeding at unprecedented rates and further unparalleled climatic
changes are expected for the 21st century (IPCC 2007a, 2@0¥Ybjcrease in carbon dioxide

and other humammade emissions into the atmosphere has increased the average global
surface temperature by approximately °Csince the late 19th century (GISTEMP Team, 2017,
Hansen, Sato & Lo, 2010). Most of the warminguo@x within the last 35 years, with 16 of the

17 warmest years on record occurring since 2001. Not only was 2016 the third year in a row to
set a new record for global average surface temperatures, making it the warmest year on
record, but eight of the 1Znonths that made up the year (January through September with the
exception of June) were the warmest on record for those respective months (GISTEMP Team,
2017; Hansen, Sato & Lo, 201M)ithin Canada, warming rates have increased at nearly double
the glokal average (Environment & Climate Change Canada, 2016).

The Intergovernmental Panel on Climate Change (2007b) has suggested that approxinately 20
omrF: 2F GKS LIXIFIySiQa alLlsSoOAaASa NS tA1Ste G2 oS
average tenperatures exceed 1¢2.5°C. Of concern, these estimates may be optimistic when

the synergistic effects of habitat fragmentation and climate change are consideegadly

declining rates of biodiversity resulting from such synergistic effects have @iddossions of

an impending sixth major mass extinction analogous to the five previously documg@titech

et al., 2014) Scientists estimate the planet is already losing species at 1,000 to 10,000 times the
background rat€Chivian & Bernstein, 2008)th as many as 30 to 50 perdeof all species

possibly heading toward extinction by regntury(Thomas et al., 2004According to the
International Union for Conservation of Nature (IUCN, 2017) Red List of threatened and
endangered species (Version 203)7 25% of mammal species, 41% of amphibians and 43% of
conifers are currently threatened. Furthermore, the Living Planet Index calculates that on
average, global vertebrate populations of 3,706 monitored vertebrate species, declined an
average of 58%sdiween 1970 and 201@McGill, Dornelas, Gotelli, & Magurran, 2015)

current trends continue to 2020 vertebrafmpulations could decline by an average of 67%
compared to 1970The Living Planet Report Canada (W@&nada, 2017) found that from 1970

- 2014 half of monitored wildlife species in Canada declined in abundance. Approximately half
of the mammals (54 per o), birds (48 per cent), fish (51 per cent), as well as amphibians and
reptiles (50 per cent) included in the analysihibited declining trend® 2 KI 1 Qa Y2NBX 2
species with declining trends, the Living Planet Report Canada found an average de8Bfo,

from 1970 to 2014 (WWEanada, 2017).

Against this grim backdrop, protected areas are widely recognized as the cornerstone of

strategies to tackle the biodiversity crisi¥otected areas are "a clearly defined geographical

space, recognized, dexhted and managed, through legal or other effective means, to achieve
thelongl SN O2yaSNBIF GA2y 2F yIGdz2NE gAGK | aa20Al 4§
(Dudley, 2008)Protected areas are intended to protect biodiversity, preserve ecological



integrity, provide refuge for species, store carbon to mitigate the adverse effects of climate
change, provide critical ecosystem services such as clean water and air, as well as provide
economic, social and cultural benefiihey help to mitigate the effestof habitat conversion,
fragmentation, and climate change on biodiversity by retaining intact ecosystems and
facilitating the movement of species responding to changing conditions. While protected areas
were initially established to preserve scenic worgland tourist attractions, their purpose has
evolved to that of a strategic tool for conservation of biodiversity and ecological sustainability,
as well as an important indicator of world ecosystem heé@l#mieux et al., 2011)

The protected area movement in Canada began withcreation of Banff Hot Springs Reserve

0y26 . FYFTF braGA2y Lt tEFENJO AY Myyp® ¢KS AYyONBY
network that followed was characterized by accelerated spurts in response to economic, social,

and environmental pressures as Mas opportunities for conservation action. Rapid expansion
inthepostg I NJ SNI ISYSNI ISR NILAR INBGGK AY /[ FylRIFC
comprises just over 10% of the land and fresh water base of the n@Eiovironment and

Climate Change Canada, 201Bgspite this growth, a history of protected area establishment

for reasons other thamature conservation has fostered a legacy of residual reserves in Canada

and across the glob@ressey & Bottrill, 2008)

Residual reserves result when protection is applied residually to extractive uses. As a result,
these protected areas are typically biased towards economically marginal lands characterized
by steep slopes, low soil fertility, and low land degradation pres@rooks et al., 2004,
Rodrigues et al., 2004; Joppa & Pfaff, 2009pridwide, protected areas with higher protection
status tend to exhibit moreokcation bias and less land degradation pressure than protected
areas with lower protection status€doppa & Pfaff, 2009; Hoekstra et al., 20@&)des of

global protection demonstrate that these biases are not an artifact from the utilitarian
protected area planning practices of the late 19th and early 20th centuries. Rather, these biases
continue to exist in modern protected areas said to be esthbtisbased on ecological
principles(Baldi, Texeira, Martin,r@u, & Jobbagy, 2017; Venter et al., 20TAis suggests that
even though modern conservation planning has evolved into a mature and robust science
informed by ecological principles, a utilitarian mindset still largely influences conservation
initiatives, resulting in the continued establishment of residual reserves at the cost of vitally
important habitats.

Despite the worldwide trend for inefficient protected area planning and residual reservation
(Joppa & Pfaff, 2009; Baldi et al., 2017; Venter et al., 2@¥@&rent study has quantitatively
demonstrated the value of protected areas as an effective strategy for conserving biodiversity
(Coetzee, Gaston, & Chown, 201@petzee, Gaston and @hn (2014) found thaglobally,

species richness is 10.6% higher and abundance is 14.5% higher inside protected areas than in

5



adjacent unprotected areas. The positive effects of protection were found to mostly be
attributable to differences in land use beeen protected and unprotected areas. Protected
areaswere found to be most effective where they minimize hurdominated land use.
Furthermore,although the Living Planet Report (WWF, 2014) highlighted a grim outlook for
global vertebrate species populatis it also noted that declining trends within terrestrial
protected areas are occurring less rapidli8so) than in unprotected areas. The Living Planet
Report found that within protected areas, global bird, mammal and fish populations have, on
averagejncreased 57%, 10%, and 182% respectivelg.world that has been so transformed
by anthropogenic activities that it can now blaracterized more readily by a set of human
biomes than by the classic biogeographic regions (Riffaoli et al, 2014), ptected areas
helpretain intact ecosystems, therelpreserving the origins and maintenance of global
biodiversity and ecological integrity.

5SaLAGS GKS AYyONBYSydlf 3INRGgOGK 2F /Yyl RIQa LIN
current percentage of mtected land in Canada remains well under the global average of 15.4%
(JuffeBignoli, 2014and internationallyagreed upon interim target of 17%. As of the end of

2016,more than 7000 terrestrial protected areas cover 10.5% of Canada's terrestrial and

freshwater baseBritish Columbia is leading the way with 15.3% of its terrestrial pregected
(Environment and Climate Change Canada, 2@4it6)positive outlooks for meeting the 17%

target by 2020While thedistribution and size of individual protected areas is highly variable

across Canad#he existing network is currently comprised of relatively disconnected and small
(<10kmd) LINPGSOGSR I NBlFad CSg 2F /FylFRIFIQa dINRGSOI
(>3000km) deemed necessary for ecological persistence (Wright, 2016) and the ones that do

meet these threshold#end to be located in northern regions characterized by less competing

land usegEnvironment and Climate Change Canada, 2016)

The apparent disparity between the intention and practice of protected area plarfdopapa &
Pfaff, 2009; Knight & Cowling, 2007; Venter et al., 20thé) deepening environmental crisis
(Johnson et al., 2017and advancements in the fields of ecology and decision support software
tools, fueled the development of the systematic conservation planning (SCP) framievtioek
1980s(Margules & Pressey, 198&s increasing pressure for competing land uses reduces the
amount of land availableof the protection of biodiversity, the prioritization of areas for the
allocation of scarce conservation resources was deemed imper@fisegules & Pressey, 2000;
Sarkar & llloldi, 2010While the prioritization of conservation areas still remains central to SCP,
it is now incorporated into atructured multitcomponent stagavise approach to identifying
conservation areas and devising management policy, with opportunities for feedback, revision,
and reiteration, at any stagarkar & llloldi, 2010T oday there are many versions of the SCP
framework which can provide guidance for protected area planning and d@digrgules &



Pressey, 2000; Pressey & McKinnon, 2009; Sarkar & llloldi,. Byd@gly, SCP has three main
goals: (1) adequate representation lwbdiversity within a set of prioritized conservation areas;
(2) ensuring the persistence of biodiversity through the design of effective adaptive
management strategies; and (3) caxftectivenesgSarkar, Sanche2ordero, & Margules,

2017)

SCP is widely considered the most effective approach for designing protected area and other
ecological networkdt has continued to evolve since its inception dras$ influenced planning

in major governments and organizations such as The Nature Conserrapuised hundreds of
scientific publications, anshaped policy, legislation and conservat{®messey, Cabeza, Watts,
Cowling, & Wilson, 2007y he success and effectiveness of SCP can be attributed to its
efficiency in using limited resources to achieve conservation goals, its flexibility and
defensibility in the face of competing land uses, and its accountability in allowing decisions to
be critically reviewedMargules & Pressey, 2000pespite its efficacy, the inherent complexity
of the framework has limited its utility in government protected area initiatives.

SCP uses detailed biogeographical information and selection algorithms to identify priority
conservation areafKnight & Cowling, 2007; Watson, Grantham, Wilson, & Possingham, 2011)
and strives to move the prioritization of protected areas beyond opportunism and toward
scientific defensibility and improved effica@@ressey, Humphries, Margules, Vaieight, &
Williams, 199). SCP is founded on the principle that conservation decisions should be guided
by explicit goals, the identification of priorities in regional or broader contexts, and clear
choices between potential conservation areas and alternative forms of maraggiargules

& Pressey, 2000)t seeks tadentify the most important areas for conservation by weighing
ecological values, levels of threat and vulnerability, representativeness, and irreplace@htity.
framework improves the efficacy of protected area network dgasibyidentifying

configurations of complementary areas that achieve explicit, and typically quantitative,
conservation objective@Margules & Pressey, 2000jurthermore, SCP supports identification

of protected area networks that represent regional species and ecesysstliversity, be
comprised of enough habitat of specific types to maintain viable species pgamdaenable

O2y UAYydzSR O2YYdzyAideé |yR LRLWzZ I A2y LINRPOS&dasSa:
natural patterns of disturbancéaldwin, Scherzinger, Lipscomb, Mockrin, & Stein, 2@&2p
ensures thaprotection is established in areas of significant importance to conservation of
biodiversity.Accordingly, the&SCP framework can serve as an effective tool irbttde to
O2yaSNIBBS 2dzNJ LI I ySiQa o0A2RAGDGSNAEAG ahetargeed 1 KS T A
expansion of protected areas networRdoreover, SCRan effectively inform and combat the
powerful economic and political drivers that promote the establishment of residual resbyves
being flexible and defensible, economical, and account@idkrgules & Pressey, 2000)



Systematic conservation planning continues to rapidly evolve as new information and tools
become available, and increasingly sophisticated approaches are being developed every day. As
the field progessively expands its scope and perspectives, it becomes more effective at
incorporating previously poorly understood or connected variables. Although the SCP

framework has been refined and improved over time, no existing versions have attempted to
explicity incorporate a climate change lens with the goal of-eneptively planning for future

climate conditions and climate change impacts. With the recent widespread availability of
emission scenarios and reliable climate change dataw.adaptwest.databasin.conWang et

al. 2016), the SCP framework is well poised to take advantage of climate information and evolve
into a climate change conscious approach to conservation plan@imgservation scientists

now mare than ever need to utilize this framework in combination with sophisticated software
tools (Sarkar et al., 200&)nd reliable climate change data to recognize and respond to
opportunities for actionQ2 Y A SNBSS 2dzNJ LX I ySGiQad 0A2RAGSNEAGE
change. The extent to which ongoing attrition of valuable wilderness areas compromises
biodiversity and contributes to global warming can be greatly minimized by the prompt and
targeted expansion of the global protected areas network under the SCP framework.

Situated within the Rocky Mountain Cordillera, straddling Peace River watershed in
northeastern British Columbia, lies an area referred to as the Peace River Break (PRB) (Fig 1.)
a geographical designation coined by the Yellowstone to Yukon Conservation Initiative (Apps,
2013). The Peace River itself has thstinction of being the only watercourse to travel

eastward through the Rocky Mountains. Where Arctic air typically dominates the majority of
the Rocky Mountains, the Peace River provides a channel for warm Pacific to flow through,
resulting in a moderi@d climate and unique ecological conditions. Six physiographically distinct
ecoregions merge at the PRB to provide a high diversity of ecosystems and organisms alike
(Apps, 2013).


http://www.adaptwest.databasin.com/

Figure 1Wild Harts/Hart Muskwa Corridor within tHeeace River Break
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This pathway, through an otherwise impassible physical boundary, and the temperate climate it
provides, made the PRB a logical area for First Nations and early European settlers to

congregate (Apps, 2013). The arable soils of the Peace River vallegghieultural interests to

the region at the turn of the 200Sy (i dzZNBE ® . & (G KS wmMoppnQas (g2 YI 22
(Alaska Highway and John Hart Highway) had been constructed and now provide access to what
was previously a remote and isolated area. This led to the development of a natural resource

industry inthe PRB and, consequently, the establishment of several communities to support the
growing sector (Apps, 2013).
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related industry and extraction (Apps, 2013). Wiitle proposal of several larggcale

development projects on the table (i.e. Site C Dam, Northwest Transmission Line, Pacific

Northwest LNG), the area could see considerable growth in human population and resource

related infrastructure in the years ahea@urrent industrial expansion in the region has created

an ecogeographical bottleneck in the P&&ning some portions of the PRB into vital corridors

that connect functional landscapes along the nesttuth extent of the Canadian Rocky

Mountains. Consideng the PRB is currently underrepresented by protected areas, landscape
connectivity and associated biodiversity values in the area are vulnerable to the cumulative

effects of future anthropogenic disturbance (Apps, 2013).

In addition to the already pressing conservation demand in the area, the PRB is projected to
experience significant climate change impacts. Climate change models can serve as valuable
tools and help planners cope with the challengegplahning for different climate conditions.
Furthermore, climate change models can help scientists and planners better understand local
climate change hazards such as severe droughts, floods, heat waves, and losses to agricultural
productivity.

Climate progctions for the Peace River region in the 2020s (22080), 2050s (2042069) and

2080s (2074 n cppO | NB &dzYYI NAT SR 060St26d t Ne2SOGA2ya
at f Iy H PrBjéctedlichahges are calculated from the baseline historical petRsii{1990)

for average (mean) temperature, precipitation and several climate variables. The projected

changes represent the ensemble median, which is ald®lA y i @I f dzS> OK2aSy TN,
standard set of Global Climate Model (GCM) projections.

Annual mea temperatures, frosfree days and growing degreakays are all projected to

increase in the Peace River region (Fig. 2 & 3). Annual mean temperatures are projected to
increase by 1°C in the 2020s, 1.8°C in the 2050s, and 2.8°C in the 2080s (Figf2¢eFitags

are projected to increase annually by 9, 16, and 26 days in the 2020s, 2050s and 2080s
respectively (Fig. 3). The 2020s, 2050s and 2080 are projected to experience 129, 225, and 364
more growing degreglays annually (Fig. 3).

Annual precipitatiorand snowfall rates are projected to increase in the 2020s, 2050s, and

2080s (Fig 3). Annual mean precipitation is projected to increase 5% by the 2020s, 8% by the
2050s and 10% by the 2080s. Summer precipitation is projected to increase by 2% by the 2020s
3% by the 2050s and 1% by the 2080s. Winter precipitation is projected to increase by 7% by
the 2020s, 11% by the 2050s, and 16% by the 2080s. Winter snowfall is projected to increase by

10



5% by the 2020s, 7% by the 2050s and 8% by the 2050s whereasssyrivfgll is projected to
decrease by 30% by the 2020s, 55% by the 2050s and 70% by the 2050s.

Although climate models project both increasing and decreasing annual precipitation in the
future, the median trend indicates a slight increase (Fig. 3). Wl@mount of summer
precipitation is projected to largely remain the same, indicating that a slight increase or
decrease is probable, a slight increase in the amount of precipitation falling as snow over the
winter is projected. Conversely, a significaptrease in the amount of snowfall is projected in
the spring seasons.

Within the Peace River region, the distribution of projected precipitation and temperature
varies across the landscape. Precipitation is largely influenced by topography while
temperature is influenced by elevation. Cooler temperatures and wetter conditions are found
in the higher elevation mountainous areas to the west in the Peace River Region, while
temperatures are higher in the eastern plateau (British Columbia Agriculture & Fooat€|
Action Initiative, 2013).

The magnitude, frequency and intensity of extreme events in the Peace River region are
projected to increase for both rainfall and temperature due to climate change. Extreme cold
temperatures are projected to occur less framtly, whereas extreme high temperatures are
projected to occur more frequently. The intensity and magnitude of extreme rainfall events is
anticipated to continue to increase while longer dry periods are projected in the summers
(British Columbia Agriculte & Food Climate Action Initiative, 2013).

11
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Figure 3. Mean Annual Climate Changes in the Peace River Region froqn20%20
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The purpose of our research project was to sharpen the focus of the SCP framework through
the explicit incorporation of a climate change lens incorporating connectivity. We were guided
by the SCP framework, utilized a variety of spatial plannintst@nd used publicly available
climate change data to identify high priority areas for conservation within the PRB and produce
a proposed protected areas network. The proposed protected areas network should meet
targets for connectivity, size and repredgativeness, as well as promote climate change
resiliency in the region. To achieve this, we were guided by a series of questions:

(1) What areas contain high conservation value for select coanse finefilter
features?

(2) What areas retain conservation valdespite the presence of resource
development?

(3) What is an optimal portfolio (i.e., spatial solution for conservation) from which to
direct conservation planning efforts?

(4) What are the probable future climate conditions for the PB?

(5) What characterizes a clirtearesilient landscape and what elements of climate
resiliency should be selected to guide conservation planning in the PB?

(6) How do high priority sites for landscape level conservation in the PB differ between
a biodiversitybased approach, and a climatesiency based approach to
conservation area design?

14



Methods

This Living Labs project brings together approaches developed and undertaken by two graduate
students lan Curtis and JerricaMarinl y / dzZNOA&AQ ¢2NJ] aSia GKS 02y
the use of systematic conservation planning using Marxan ILP to produce a proposed reserve

system that identifies a critical portfolio of conservation lands. Climate is included in this first

model through the inclusion of geodiversity values (Land Facetsiiyend rarity derived from

' RIFLII2Sad RFEGFO 1a 2yS 2F GKS O2FNBRS FAEGSNI @
and fine filter conservation elements in the same modeling software (Marxan ILP) but added

explicit connectivity analysis (using Onuafe) as a pre and post analysis tool and incorporates

climate change conscious metrics such as forward and backward velocity, novel ecosystems and
climate refugia as variables for selection.

The methods described below are a summary of the combined stelpsth projects. More
complete writeups of the methods, results and discussion that informed this work can be
found in:

Curtis, lan. 2018. Systematic Conservation Planning in the Wild Harts Study Area.
MSc Thesis, Natural Resource and Environmentalextudniversity of Northern
British Columbia.

Mann, Jerrica. Forthcoming/202Glimate Change Conscious Systematic

Conservation Planning: A case study in the Peace River Break, British Columbia. MSc
Thesis, Natural Resource and Environmental Stutiesersity of Northern British
Columbia.

This projecinvolvedsharpening the focus @f  NHdzf S& | YR t NSaasSeQa owunn
conservation plannin¢SCPjramework through the explicit incorporation of a climate lefkis
involved build on the previous analysis completed by Curtis (2018), that was then refined and
embellished to overcome identified limitationEhis component was guided by the methods
described byLittlefield, McRae, Michalak, Lawler, and Carroll (284 T¢vise the

methodologies iran attempt to overcome identified limitation3he eight steps involved in the
SCP methodd é&ble ) included: (1) selected, compiled, and developed conservation feature
data; (2) performed a thorough analysis on anthropogenic disturbance in the study(@jea
used Gnarly Landscape Utilities and Linkage Mapper to quantify landscape permeability and
identify important corridors for connectivify(4) identified conservation goals and targets; (5)
reviewed the existing protected areas to determitne extentto which the existing protected
areas network achieves the identified targets for conservation in the WHSgel&}xed

additional conservation areas using MARXAR; (7) compared the resulting proposed
protected areas network with another protected areaetwork solutions; (8) performed a

15



comparative analysis to analyze complementarity (extent to which a biodiversity conservation
targets, contribute to climate change resiliency conservation targets and vice versa) within the
study area.

Table 1. The s&n steps of systematic conservation planning used to prioritize lands for conservation in the Wild
Harts Study Area.

1. Select, Compile and Develop Conservation Feature Data

a) Review literature, previous analysis by Curtis (2019), and existing data to identify which prev,
used

datasets could be improved, and source additional meptial surrogates for current biodiversity ir
the WHSA.

b) Review literature and existindata to identify multspatial surrogates for future biodiversity in th
WHSA, projected future species distribution data, climate change refugia and climate connectiv
data.

c) Select data with sufficient rigor and consistency for inclusion in thiysiea

d) Develop spatial layers in ArcGIS that represent the extent of the selected conservation featu
within

the WHSA.

2. Perform a Thorough Analysis on Anthropogenic Disturbance in the Study Area

e) Review literature and existing data sourcegdntify features that represent anthropogenic
disturbance

within the WHSA.

f) Compile a human footprint model to quantify and spatially model the current state of
anthropogenic

disturbance in the WHSA.

g) Perform land use/cover conversion analyses tatifiethe rate of land conversion within the
WHSA.

h) Perform resource development potential models to spatially identify which areas are most
susceptible

to future development.

3. Use Gnarly Landscape Utilities and Linkage Mapper to Quantify Landsoaealsiity and
Identify

Important Corridors for Connectivity

i) Review literature and existing data to identify features that affect landscape permeability.

j) Acquire and develop spatial layers in ArcGIS that represent landscape resistance in the WHS
k) Create a landscape resistance spatial layer using Gnarly Landscape Utilities.

k) Perform a landscape connectivity analysis between protected areas in the WHSA using the
previously created landscape resistance layer and Linkage Mapper.

4. ldentify Consevation Goals and Targets
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[) Review literature and previous analysis results to set goals for conservation in the WHSA that
promote

climate change resiliency, facilitate climate change induced migrations, facilitate landscape
connectivity,

and promote curent and future biodiversity.

m) Translate these goals into quantifiable targets.

5. Review Existing Protected Areas

n) Determine the extent to which the existing protected areas network achieves the identified tal
for conservation in the WHSA.

6. Use MARXAN with ILP to Generate a Portfolio of Additional Protected Areas

0) Use MARXANLP to identify gaps in the current protected areas network in the WHSA in orde
spatially delineate additional areas for conservation.

p) Spatially prioride lands for conservation in the WHSA that achieve optimal targets while
minimizing usedefined costs.

q) Create a portfolio of proposed protected areas network designs for application iutanplanning
decisions.

7. Perform a Comparative Analysigeen the Climate Change Conscious SCP Proposed Protec
Areas

Network and a Proposed Protected Areas Network Created Using Traditional Static SCP Methd
r) compare the resulting proposed protected areas network with another protected areas netwo
that was

created using the traditional SCP framework that did not include climate change projections.

8. Analyze Conservation Feature Complementarity and Reptativeness Zones

s) Analyze the extent to which biodiversity conservation targets contribute to climate change
resiliency conservation targets and vice versa within the study area.

Wereviewed the data that was previously used in Curtis (2018) as well as other existing data
sources in order to identify which previously used datasets could be improved, and what
additional datasets could enhance the analyg¥ identified previously comiled binary

datasets (Curtis, 2018) that could be improved through conversion into a scaled format and
performed geospatial analyses to convert these binary data into a continuous, scaled datasets
in ArcMap.We analyzed government and negpovernment databses and drew upon expert
opinion to identify and obtain geospatial datasets that were reliable and consistent across the
WHSA. By doing thige were able to identify additional current biodiversity surrogates and
surrogates for future biodiversityWe als identified and created connectivity datasetst

would enhance the analyses. Numerous current and future biodiversity feature datasets were
obtained, processed, created, and combined using geospatial analysis in ArcGIS for inclusion in
the WHSA SCP.
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The literature review, data availability and expert opinion lead to the inclusion of three
conservation feature classes in the MARXARR conservation prioritization analysis; (1) coarse
filter biodiversity surrogates; (2) firter biodiversity surrogateand; (3) climate change
conservation featureg¢Table 2. It also led to the inclusion of representational conservation
zones and connectivity conservation features. The following conservation features, unless

stated otherwise, were developed in a contirugoformat, thus allowing for the preferred
selection of those areas with the highest conservation values, both individually and

cum

This study utilized a mulicale prioritization strategy for current and future biodiversity refugia

ulatively.

identification / conservation prioritization by seeking to incorporate the known extant of
current biodiversity as well as future biodiversity by capturing fdersity microrefugia

within areas of low climatic velocity, across landscape types.

Table2. Conservabn Features used in MARXAINP Analysis

Coarse-Filter Features

Coarse-Filter Features

Climate Change Features

Forest Patterns and Processes

NDT2-ESSF-Mature/Old
NDT2-SBS-Burned
NDT2-SBS-Mature/Old

Pink Mountain Caribou Herg

Quintette Caribou Herd

Scott Caribou Herd

NDT2-SWB-Burned

Fisher

NDT2-SWB-Mature/Old

Bull Trout

NDT3-BWBS-Burned

Special Features

NDT3-BWBS-Mature/Old

NDT3-SBS-Burned

NDT3-SBS-Mature/Old

2 % Land Facet Diversity ﬁ" 5 Grizzly Habitat Capability Backward Velocity Refugia
~ £ |Land Facet Rarity G 2|Grizzly Habitat Suitability Biotic Refugia
£ _|Elevation Diversity Burnt Pine Caribou Herd Novel Climates
£ @ |Heat Load Index Diversi Finlay Caribou Herd
g 3 |Ecotypic Diversity « |Gataga Caribou Herd
i |Climatic Diversity g |Graham Caribou Herd
NDT1-ESSF-Burned g |Hart Ranges Caribou Herd
NDT1-ESSF-Mature/Old § Kennedy Caribou Herd
NDT1-ICH-Burned = |Moberly Caribou Herd
NDT1-ICH-Mature/Old % Muskwa Caribou Herd
NDT2-ESSF-Burned = |Narraway Caribou Herd

Although this analysis incorporated a healthy diversity of conservation features, certain

representational targets that are often overlooked but undeniably important to a healthy
protected areas network were alsteemed beneficial and thus, incorporated in this SCP. While
these representational zones were not set as targets within MARKRNheir representational
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results were reviewed and considered in the assessment of each resulting MARXAN
solution. The repesentational zones assessed in this SCP were ecoregional representativeness,
elevational representativeness and climate representativeness.

The PRB region has experienced the development of a significant human footprint dominated
by industrial landscape conversions. In spite of the extensive nature of these anthropogenic
disturbances and the future resource development potential of the ateere is still a narrow

band of intact forest landscapes running from Kakwa Provincial Park and the adjoining
mountain park complex to the southeast and north to the Musk&exchika Management Area.
This Hart/Muskwa Ranges corridor that runs the length efWiHSA is not devoid of
anthropogenic disturbances. Developments are creeping into the southern and central portions
of this and future resource development potential suggests that these impacts will only
increase.

In order to assess the severity and distition of anthropogenic disturbance a thorough
GKdzYFYy F220LINAYGE Fylrfeara o1 a8 LISNF2NY¥SR gA0GK
the WHSA priority area and Hart/Muskwa Ranges corridor (Mann & Wright, ZDA.8p this,

data for each of 25 differdrtypes of human use was obtained from the Provincial BC Data
Catalogue, consolidated, variably buffered, mapped and analyzed for the broader study area

and for the Hart/Muskwa Rangedsing ArcGIS, variable buffers were applied to the various

forms of deelopment based on woodland caribou avoidance behaviours (Mann & Wright,

2018). These buffers were considered suitable for this SCP given their large sizes, the avoidance
buffers were able to address the needs of caribou, but also were likely to increase th

probability of accommodating the needs of species that exhibited less sensitivity to resource
development.

Since all human disturbance is not equal and ephemeral disturbances may recover over time,
we created a serfpermanent (soft) footprint for those evelopments and land uses that create
impacts that are more ephemeral in nature as well as a hard or more permanent human
footprint. The hard human footprint created in this analysis was used in the creation of both
the cost layer requires by MARXAINP, g well as in the creation of theurrent landscape
connectivity model.
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Connectivity between protected areas promotes ecological persistence by facilitating dispersal,
allowing for critical ecological exchanges at the genetic and population levels (Wright, 2016). As
the majority of protected areas in Canada are small comp#&rdte evidence of what is

needed as scientific benchmarks, connectivity between protected areas is vitally important. By
enhancing the structural connectivity (landscape permeability) between protected areas and
across landscapes, functional connectiyagtual movement of organisms and their genetic
material) can be significantly improved, thus promoting ecological persist@merr, Barrett,

& Doerr, 2011)As only a handful of Canadian protected areas meet the minimum size
thresholds (>3000 k&) deemed necessary for ecological persistence (Wright, 2016), the
existing Canadian protected areas network is limited in its abiligugtain and promote
biodiversity. Building connectivity between protected areas would allows smaller habitat
patches or protected areas to function as a protected areas network that collectively supports
ecological persistence by allowing linked subpopala to function as one larger, more

resilient population.

While the climate corridors identified by Carroll et al. (2018) identified pb#t&/een current
climate types and their future analogs that could be used by species ag#uiyshifting
climateswhile avoiding noranalogous climates, the creation of these corridors did not attempt
to connect large intact habitats minimally impacted by anthropogenic barriers/disturbances.
Accordingly, in order to build connectivity betweerotected areas into the WHSA protected
areas networkwe performed a landscape connectivity analysis in the broader Peace River
Break region to identify those areas most likely to serve as wildlife corridors between the
protected areas in the region.

We ompleted a landscape connectivity analysis using Gnarly Landscape Utilities and Linkage
Mapper software. Linkage Mapper is a relatively new tool that utilizes both random walk
analysis and electric circuit theory to measure the matrix permeability obaliple pathways
available to moving organisms across a landscape/surface (McRae, Dickson, Keitt, & Shah,
2008). This allows measures of current (movement of organisms) and resistance (opposition to
individual movement) between nodes (habitat patches) &itterpreted as the movement
probabilities of organisms across a resistance raster/landscape. As a result, Linkage Mapper is
capable of removing potential sources of bias and produces an intuitive output map of
connectivity across a study area. The outpohnectivity map is not speciepecific, but rather,
focuses on the structural connectivity of natural lands.

20



We modelled landscape connectivity (connecting habitat patches as Protected Areas across
space) using Gnarly Landscape Utilities and Linkaggp®ido map landscape connectivity

within the broad Peace River Break study afaarly Landscape Utilities was used to create

the resistance layer and core habitat map layers required by Linkage Mapper. The resistance
layer was created using data frometfProvincial BC data cataloguant cover from the

Vegetation Resource Inventory, slope, the hard human footprint data layers and their caribou
avoidance buffers compiled in the human footprint project were all given a resistance value (0
100) and convedd into a single continuous landscape resistance dataset using Gnarly
Landscape Utilities. We used the protected areas polygons as the core areas/habitat patches
FYR GKS a{dzvé¢ NBaAAAGEFYyOS OFfOdZ A2y YSUiK2R
those areas from lowest (1) to highest (326) resistance.

The resistance layer created using the ArcMap Gnarly Landscape Utilities toolbox was then used
F& Fy AyLdzi Ay GKS [Ay1F3S alLIISN ¢22f1A0Qa
continuous fabric a measures of current (or movemeoit organisms) and resistancer (

opposition to movement) between habitat patches which can be interpreted as movement
probabilities of organisms across a landscape. In order to remove those areas of poor
connectivity andnore clearly define the landscape connectivity corrideesruncated the data

values at 200,000. This truncation value was found to most clearly depict those areas with the
highest connectivity values (movement probabilities) while removing those #énahbave

negligible movement probabilities.

We incorporated the resultant landscape connectivity dataset into this SCP as supplemental
information that was excluded from the MARXANP analysis. If this corridor data was included
in the MARXANLP analysithere would be no way to discourage the tool from selecting small
portions of disparate corridors without first assigning each corridor a relative importance,
unique identity, and target. As the importance/value of each individual corridor would change
with the establishment of new protected areas and the conservation goal, connectivity
corridors were not included into the MARXAINP analysis but rather provided as an overlay to
identify important areas of connectivity between the existing protected arestsork.
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One of the primary goals of this study was to prioritize lands for conservation in the WHSA that
would strengthen the existing protected areas network within the region by promoting climate
charge resiliency, biodiversity and ecological sustainability, connectivity, and maintaining
disturbance regimes. The conservation features, representational targets, and connectivity
models previously described were carefully curated and developed with thesls in mind.

Land facet diversity and rarity were selected for due to the strong evidence for this geophysical
approach being effective at predictimgrrent and future biodiversity. Environmental diversity
metrics were selected due to thesimple, andyeneralizable approach to identifying potential
micro-refugia which can increase the probability that species will be able to find suitable
habitat within close proximity as climate changes as well as their ability to maximize landscape
level adaptive capaty. Forest pattern and process were selected as they represent distinct
disturbance regimes in combination with forest types containing high levels of biodiversity.
Each individual species chosen as-iiter conservation features were selected duetheir
vulnerability and ability to represent a wide range of ecosystems and the habitat needs making
them effective surrogates for biodiversitglimatic refugia was selected for as these sites are
anticipated to experience climate change at slower rateg smaller magnitudes making them
vital refugia for climatedisplaced species. Biotic refugia were selected as theseasingly rare
climatic conditions are required by, and will be within reach of, species in the futionee|

climates were selectefbr as theyprovide a potentially strong driving mechanism for
disaggregation of existing species associations, assembly into novel associations and other
dzy SELISOGSR S02t 23A0Ft NSadpigsgri el oppbiduniti8sdat t 2 3 A O
testing eological theory. Representational targets and connectivity corridors were included in
this SCP in order to assess the effectiveness of the conservation features at meeting the goals
of this study and provide supplemental information that would be usedvilgate the

MARXANLP solutions.

In order to determine the extent to which existing protected areas have already contributed to
conservation targets WHSA, we dissolved all of the protected areas within the study area into
one multipart polygon. This protected areas feature was then ipooated into MARXANLP

and scenarios were run with a 100% protected areas target. This revealed the percent of each
conservation feature that was already protectéithe percentage of each conservation feature
already represented by the existing protectactas network was then subtracted from each of
the identified conservation feature targets and set as the MARNANarget in order to resolve
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percent.

We used the conservation prioritization software MARXAN to model alternative protected

areas network designs based on specified targets and constraints. A MARXAN Model that was
previouslydeveloped for the WHSA study area by Curtis (2018) was used as a guide in this SCP.
The previously developed MARXAN model followed the traditional SCP framework, used binary
conservation features, and did not include climate change information aside frenmtlusion

of land facet diversity as a model variable. In an attempt to overcome the resulting

shortcomings and endeavor to achieving outstanding targets/goals for conservation within the
WHSA, we enhanced many of the conservation features previowedyedt by Curtis (2018),

added additional conservation features and representativeness zones for comparative analyses.

The ArcGHBased prioritization software MARXAN that operates within an integer linear
programming (ILP) framewo(Beyer, Dujardi, Watts, & Possingham, 201%as used to

perform conservation prioritization in this SCP. MARXAN with ILP was used to maximize the
extent to which targets for conservation were achieved within the planning unit at the lowest
cost (with the least amountf area and in areas with the least amount of human modification).

We then assembled a portfolio of recommended protected areas network designs for the
WHSA study area that includes both core and corridor areas and meet targets for connectivity,
size andepresentativeness, as well as promote climate change resiliency in the region. The
resulting conservation prioritization portfolios were then enhanced through the reintroduction
of a conservation value metric identifying the number of targets met penrptay cell.

We developed three MARXAINP scenarios to addrefe research questions. Each scenario,

was parametrized to meet conservation targets at the lowest possible cost in order to

encourage the selection of areas containing multiple overlapping high value conservation
features while avoiding areas with compoungianthropogenic disturbances within or

proximal to the planning unit. In scenario A, we set targets on only those static conservation
targets identified by Curtis (2018) with the addition of a fisher habitat layer. By doing this, we
were able to identify \( A OK | NBl & O2y Gl Ay GKS KAIKS&G & OdzNN
also created a, updated solution comparable to the SCP completed by Curtis (2018). Scenario A
identified the minimum area required to achieve the current biodiversity feature targets,

well as how much of the future biodiversity targets could be passively obtained by this scenario.
In scenario B, targets were only set on future biodiversity features in order to identify those
areas within the WHSA with the most future biodiversitypservation valugTable 3) The

percent of each future biodiversity conservation feature that was obtained by Scenario A was

23



evaluated and used to develop the targets for Scenario B. All future conservation features were
determined to be satisfactorily repsented by Scenario A so the percent of each future

biodiversity feature obtained by Scenario A was used as the targets in Sceif@abl®4)The

FAYIE A0SYIFINR2T aOSyINAR2 /X AYO2N1LERNI ISR 620K
feature targets in order to most efficiently prioritize planning units have the highest

O2yaSNBI GA2y @FtdzS Ay IINBlFa GKIG YSSG GKS ySS
avoiding anthropogenically disturbed lan@@able 5) The targets used in Scenario Alan

Scenario B were both used in Scenario C. In performing this analysis, MAERXA&E forced to
essentially achieve the same targets that were obtained in Solution A but more effectively, by
evaluating the unique conservation scores within each curredtfature biodiversity

conservation feature input layer. This ensured the analysis captured the most efficient and

effective solution with little to no additional cost.

Scenario Conservation Feature Inputs
A. grizzly bear; caribou; fisher; bill trowgpecial features; forest patterns & process
B land facet diversity & rarity; heat load index diversity; ecotypic diversity;
’ climate diversity; backwards refugia; biotic refugia; novel climates
C. All of the above

Table3. Scenario & CurrentBiodiversity Feature Targets

% % Additional %
Conservation Feature Protected | Target Needed
Grizzly Habitat Capability 17 60 43
Grizzly Habitat Suitability 18 60 42
Burnt Pine Caribou Herd 0 90 90
Finlay Caribou Herd 1 90 89
Gataga Caribou Herd 25 90 65
Graham Caribou Herd 14 90 76
Hart Ranges Caribou Herd 16 90 74
Kennedy Caribou Herd 15 90 75
Moberly Caribou Herd 3 90 87
Muskwa Caribou Herd 95 90 0
Narraway Caribou Herd 19 90 71
Pink Mountain Caribou Her 27 90 63
Quintette Caribou Herd 6 90 84
Scott Caribou Herd 0 90 90
Fisher 8 60 52
Bull Trout 19 60 41
Special Features 22 60 38
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NDT2ESSBurned 22 100 78
NDT1ESSMature/Old 8 74 66
NDT2ICHBurned 23 100 77
NDTXICHMature/Old 30 75 45
NDT2ESSBurned 2 100 98
NDT2ESSMature/Old 13 75 62
NDT2SBSBurned 5 100 95
NDT2SBSMature/Old 5 66 61
NDT2SWRBBurned 67 100 33
NDT2SWBMature/Old 26 83 57
NDT3BWBSBurned 24 100 76
NDT3BWBSMature/Old 10 46 36
NDT3SBSBurned 0 100 100
NDT3SBSViature/Old 1 76 75
Climatic Diversity 13 - NA
Ecotypic Diversity 11 - NA
Elevation Diversity 26 - NA
Heat Load Index Diversity 30 - NA
Land Facet Diversity 16 - NA
Land Facet Rarity 28 - NA
Biotic Refugia 41 - NA
Backwards Velocity Refugia 23 - NA
Novel Climate2025 2 - NA
Novel Climates 2055 21 - NA
Novel Climates 2085 18 - NA

Table4. Scenario R Future Biodiversity Feature Targets

%

%

Additional %

Conservation Feature Protected | Target Needed
Grizzly Habitat Capability 17 - 43
Grizzly Habitat Suitability 18 - 42
Burnt Pine Caribou Herd 0 - 90
Finlay Caribou Herd 1 - 89
Gataga Caribou Herd 25 - 65
Graham Caribou Herd 14 - 76
Hart Ranges Caribou Herd 16 - 74
Kennedy Caribou Herd 15 - 75
Moberly Caribou Herd 3 - 87
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Muskwa Caribou Herd 95 - 0

Narraway Caribou Herd 19 - 71
Pink Mountain Caribou Her 27 - 63
Quintette Caribou Herd 6 - 84
Scott Caribou Herd 0 - 90
Fisher 8 - 52
Bull Trout 19 - 41
Special Features 22 - 38
NDTXESSBurned 22 - 78
NDT2ESSMature/Old 8 - 66
NDT2ICHBurned 23 - 77
NDTXICHMature/Old 30 - 45
NDT2ESSBurned 2 - 98
NDT2ESSMature/Old 13 - 62
NDT2SBSBurned 5 - 95
NDT2SBSViature/Old 5 - 61
NDT2SWBBurned 67 - 33
NDT2SWBMature/Old 26 - 57
NDT3BWBSBurned 24 - 76
NDT3BWBSMature/Old 10 - 36
NDT3SBSBurned 0 - 100
NDT3SBSMature/Old 1 - 75
Climatic Diversity 13 67 54
Ecotypic Diversity 11 67 55
Elevation Diversity 26 75 49
Heat Load Index Diversity 30 79 50
Land Facet Diversity 16 65 49
Land Facet Rarity 28 67 38
Biotic Refugia 41 90 49
Backwards Velocity Refugié 23 75 52
Novel Climates 2025 2 31 29
Novel Climates 2055 21 64 42
Novel Climates 2085 18 67 49
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Table5. Scenario G Current and Future Biodiversity Feature Targets

% % Additional %
Conservation Feature Protected | Target Needed

Grizzly Habitat Capability 17 60 43
Grizzly Habitat Suitability 18 60 42
Burnt Pine Caribou Herd 0 90 90
Finlay Caribou Herd 1 90 89
Gataga Caribou Herd 25 90 65
Graham Caribou Herd 14 90 76
Hart Ranges Caribou Herd 16 90 74
KennedyCaribou Herd 15 90 75
Moberly Caribou Herd 3 90 87
Muskwa Caribou Herd 95 90 0

Narraway Caribou Herd 19 90 71
Pink Mountain Caribou Her 27 90 63
Quintette Caribou Herd 6 90 84
Scott Caribou Herd 0 90 90
Fisher 8 60 52
Bull Trout 19 60 41
SpeciaFeatures 22 60 38
NDT1ESSBurned 22 100 78
NDTZXESSMature/Old 8 74 66
NDTZ2ICHBurned 23 100 77
NDTICHMature/Old 30 75 45
NDT2ESSBurned 2 100 98
NDT2ESSMature/Old 13 75 62
NDT2SBSBurned 5 100 95
NDT2SBSMature/Old 5 66 61
NDT2SWRBBurned 67 100 33
NDT2SWRBMature/Old 26 83 57
NDT3BWBSBurned 24 100 76
NDT3BWBS&Mature/Old 10 46 36
NDT3SBSBurned 0 100 100
NDT3SB&Viature/Old 1 76 75
Climatic Diversity 13 67 54
Ecotypic Diversity 11 67 55
Elevation Diversity 26 75 49
Heat Load Index Diversity 30 79 50
Land Facet Diversity 16 65 49
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Land Facet Rarity 28 67 38
Biotic Refugia 41 90 49
Backwards Velocity Refugia 23 75 52
Novel Climates 2025 2 31 29
Novel Climates 2055 21 64 42
Novel Climates 2085 18 67 49

One of the primary goals of this study was to determine agi+priority sites for landscape

level conservation in the WHSA differ between a static biodivebsised approach, and a

climate resiliencypased approach to conservation area desifm.address this goal, we

compared the outcomes of scenario 1 (currstdte), scenario 2 (future state), and the final
scenario 3 (inclusive). As all of the analyses were performed on the same study area and used
the same cost layer, a comparative analysis allowed us to identify how the incorporation of
climate change dat#or future state planning affected the conservation prioritization results.

Using MARXAINLP we also analyzed the complementarity (extent to which conservation
targets, ontributed to other conservation targets) of current and future state conservation
planning features. To do this, a MARXKAR analysis was run for each individual conservation
feature with a 100% target for only that feature. This revealed, for each ceatsen feature,

how much it that individual conservation feature represents every other conservation feature
(what percent) in the analysis. By doing this we were able to determine the ability of each
conservation feature to capture other conservationtige targets. This analysis helped to
determine whether certain conservation features could reasonably serve as surrogates for
other targets.

To further understand how conservation targets and scenario solutions contributed towards
representational target$zones) we reviewed the extent to which the 3 scenario solutions are
distributed amongst each of the representational zones within the WHSA. To do this we
included the representational features in the MARXIAR analysis but did not set a target on
them. When the scenarios were run, the solution metrics revealed the percent of each
representativeness zone was achieved by the solution.

28



Results

A total of 43 conservation feature layers were constructed, overlain across the entire planning
region, and madeavailable for selection by MARXAINP. An additional 45 representational

zone and 4 connectivity corridor datasets were included in the analysis as supplemental
information. Each conservation features was given an equal value of (1) if present within a
planning unit.

Twenty coarsdilter conservation features were used in this analysis. Cohltse features
included land facet diversity, land facet rarity, elevational diversity, heatload index diversity,
ecotypic divesity, climate diversity and a series of layers displaying an intersection of natural
disturbance, biogeoclimatic zone, and forest age (Figwg)4

29
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Figure 4. Spatial extent of the land facet diversity layer used by MARKANO prioritize lands for anservation
in the Wild Harts Study Area; inset represented by red frame.
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Figure 5. Spatial extent of the land facet rarity layer used by MARXANLto prioritize lands for conservation in
the Wild Harts Study Area; inset represented by red frame.
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Figure 6. Spatial extent of the elevational diversity layer used by MARXANO prioritize lands for conservation
in the Wild Harts Study Area; inset represented by red frame.
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Figure 7. Spatial extent of the heat load index diversity layer us®tiRXAN -ILP to prioritize lands for
conservation in the Wild Harts Study Area; inset represented by red frame.
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Figure 9. Spatial extent of the climatic diversity layer used by MARXAR! to prioritize lands for conservation in
the Wild Harts Study Area; inset represented by red frame.
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Figure 10. Spatial extent of all forgsdttern and process layers used by MARXAIR to prioritize lands for
conservation in the Wild Harts Study Area; inset represented by red frame (Curtis 2018)
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In an attempt to adapt conservation planning for climate ap@nconservation scientists have
begun to complement the coardéter conservation features with additional firfdter

conservation features. This hybrid approach allows this SCP to hedge against uncertainty, take
advantage of new information and methgdsnd customize planning to the unigue needs and
limitations of planning areas, thereby improving biodiversity conservation outcowles.

created an additional 17 layers showing the spatial extent and conservation value of select fine
filter conservation fatures across the WHSRigures 1415).

37



Legend bFon St. James.

\/ ] wid Harts Study Area

~—— Major Road
Grizzly Bear Habitat Capability &

Vanderhoof
- Very High e

.Prl
B g \—’\/

Moderate
B Low
- Very Low

Figure 11. Spatial extent of the grizzly bear habitat capability layer used by MARKRND prioritize lands for
conservation in the Wild Harts Study Area; inset represented by red frame.

38



Kennedy Siding

Fort St. James
L]

\/ Legend
E Wild Harts Study Area

Major Road Fraser Lake Vanderhoof
L]

:I Caribou Herd Sl T Prince George
o
Caribou Habitat Quality \\/_\/ 7

- Medium < . 7
High 0z, N 30404
| wn Ul & 5 A
Kilomete

I Very High

Figure12. Spatial etent of the woodland caribou layers used by MARXHANP to prioritize lands for conservation
in the Wild Harts Study Area; inset represented by red frame.
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Figure13. Spatial extent of the fisher layer used by MARXANP to prioritize lands for conseniat in the Wild
Harts Study Area; inset represented by red frame.
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Figurel4. Spatial extent of the bull trout layer used by MARXANP to prioritize lands for conservation in the
Wild Harts Study Area; inset represented by red frame. (Curtis, 2018)
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Figure15. Spatial extent of the special features layer used by MARXANto prioritize lands for conservation in
the Wild Harts Study Area; inset represented by red frame. (Curtis, 2018)

42



In addition to theprotection of coarse and filéilter conservation features, we included climate

change conservation features as another approach to climate cheoggcious conservation.

We created 5 climate change conservation layers to incorporate areas resiliemhtiecli

change, areas identified as important biotic refugia, and areas projected to experience novel

climatic regimes in the futurésiven the unique focus of this project a summary of these
TSIHGdzZNBEa Aa LINPYARSR KSNB #esid K TdzZ f RSOFALT & LI
Backyvard Velocity Refugiva

¢tKS 01 O16FNR @St20A0G8 NBFTdAAF LRIGSYGAlFrt 1 &SN
already 23% protected by the existing protected areas netwbitx. 16)The areas of highest

backward velocity refugia occurtine northern half of the WHSA at the highest elevations of

the mountainous terrainThese areas exhibiting high backward velocity refugia potential

demonstrate a clear association with elevation within the WHSA (19% = Low, 34% = Medium

and 47% = High).
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Figure 16. Spatial extent of the backward velocity refugia layer used by MARIXRNo prioritize lands for
conservation in the Wild Harts Study Area; inset represented by red frame.
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Novel Climates

Three novel climate layers were created for 2025, 2858 2085. The 2025, 2055 and 2085

novel climate data layers occupy 1.8%, 20.7% and 74.9% of the total WHSA area, and are 2.2%,
21.2% and 17.8% currently protected, respecti{€lg.17-19). The novel climate data largely

located within valley bottomshat may lack nearby climate analogs, resulting in longer

migration distances to colonize these locally new habitat/climate conditions. In 2025

Of AYFiSa IINBE NBaAaOUNROGSR (2 t2¢ StS@OFrGAZ2Y | NBI
they spread to the majority of the valley bottoms on the eastern side of the WHSA and appear

in some of the northwest and southwest quadrants of the WH®W,by 2085 novel climates

emerge across the vast majority of the WHSA with the exception of the area to the north of the
Peace ArniPeace Arm of the Williston Reservoir along the western boarder of the WHSA (Fig.
17-19).
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Figurel7. Spatial extent of th2025 novel climate layer used by MARXANP to prioritize lands for conservation

in the Wild Harts Study Area; inset represented by red frame.
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Figure18. Spatial extent of the 2055 novel climate layer used by MARXKIR to prioritize lands for consertian
in the Wild Harts Study Area; inset represented by red frame.
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Figure19. Spatial extent of the 2085 novel climate layer used by MARXRIRIto prioritize lands for conservation
in the Wild Harts Study Area; inset represented by red frame.
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Disappearig Climates / Biotic Refugia
The biotic refugia layer occupies approximately 23% of the WHSA total area and is currently

40.7% protected by the existing protected areas network in the planning regior2Qrighe
areas of biotic refugia are distributed along the mountainous spine of the WH§A20). These
areas of biotic refugia demonstrate a surprisingly strong associatidmeitvation within the
WHSA (1% Low, 18% = Medium and 45% = High).

Figure 20Spatial extent of the biotic refugia layer used by MARXAMNLto prioritize lands for conservation in the
Wild Harts Study Area; inset represented by red frame.
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