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WHY PROTECT THE BOREAL?
WHAT IS BEING PROTECTED?

WHAT IS NATURAL?
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IntactAltered
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Opportunity”

“Landscapes of 
Regret”

Domain of Sustainability ?

Many UncertaintiesMany Uncertainties
•• lack of knowledgelack of knowledge
•• environmental environmental stochasticitystochasticity
•• climate changeclimate change
Adaptive Management Adaptive Management 
•• a scientific framework for addressing a scientific framework for addressing 
ecological sustainabilityecological sustainability

•• experiments require controlsexperiments require controls……

Sustainability as a Sustainability as a 
Grand ExperimentGrand Experiment



Conservation Matrix

Elements of the Conservation Matrix ModelElements of the Conservation Matrix Model
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A New Model for Conservation Planning

• Pro-active

• Pre-cautionary

• Comprehensive

… managing for ABUNDANCE not scarcity



Benchmarks Across 
the  Boreal

Ecological 
Benchmark

The role of benchmarks:The role of benchmarks:

•• ecological baselines to help ecological baselines to help 
understand natural system understand natural system 
dynamicsdynamics

•• anchors of a comprehensive anchors of a comprehensive 
conservation networkconservation network

•• controls or references for controls or references for 
adaptive management adaptive management 

Benchmarks should be:Benchmarks should be:

•• intactintact

•• representativerepresentative

•• sufficiently large to maintain sufficiently large to maintain 
key ecological processeskey ecological processes



Benchmarks – The Concept

Integrated Regional Planning Units

Ecozones of Canada Major Ocean Drainages

Stratifying the Boreal



Benchmark Criteria

System-level
Ecological 
Benchmark

Intactness

Hydrologic 
Connectivity

Size 



A Fire Regime:A Fire Regime:

A quantitative description of the fires A quantitative description of the fires 
characteristic of a particular placecharacteristic of a particular place

Frequency: # large fires/cell/yrFrequency: # large fires/cell/yr
Size: RightSize: Right--truncated Pareto truncated Pareto 
Seasonality: Seasonality: E[P(areaE[P(area burned in summer)]burned in summer)]
Severity (see Severity (see AmiroAmiro et al.)et al.)

Bergeron et al. 2005 Ambio 33:356-360

““RatesRates”” estimated here:estimated here:



The Canadian Large Fire DatabaseThe Canadian Large Fire Database

Max size T Max size T (scaled)(scaled)



Fire RegionsFire Regions

Benchmark Criteria

System-level
Ecological 
Benchmark

Intactness

Hydrologic 
Connectivity

Size 



Benchmark Construction

Water catchments and hydrological networks

Benchmark Potential Across the Boreal

Cumulative Area of Candidate Benchmarks

Boreal Region



Evaluating Representation
Land Cover

Primary Productivity

Climate Moisture Index

+ “Lake Edge Density”

Top Ranked Top Ranked 
Grouping of Grouping of 

Benchmark Areas Benchmark Areas 
based on based on 

Representation Representation 
CriteriaCriteria



Cumulative Area of Candidate Benchmarks

Boreal Region

Catchment Intactness

What about existing protected areas?



-- Benchmarks must have low human footprint to be Benchmarks must have low human footprint to be 
reference for human activitiesreference for human activities

-- IaIa -- ““in as undisturbed a state as possiblein as undisturbed a state as possible””, VI , VI --
““contain limited areas of modified ecosystemscontain limited areas of modified ecosystems””

Human Footprint in Protected AreasHuman Footprint in Protected Areas

Bishop et al. 2004

Data & MethodsData & Methods

-- 2007 World Database on Protected Areas2007 World Database on Protected Areas
-- Spatial boundaries, IUCN category, > 1 kmSpatial boundaries, IUCN category, > 1 km22

-- n = 21,186 in seven IUCN categoriesn = 21,186 in seven IUCN categories
-- Sanderson et al. 2002 Sanderson et al. 2002 -- Human Footprint datasetHuman Footprint dataset

-- 1 km1 km22 resolution, 0resolution, 0--100, standardized by biome100, standardized by biome
-- Olson et al. 2001 Olson et al. 2001 -- Terrestrial biomes datasetTerrestrial biomes dataset

-- 14 used14 used

-- Multiple linear regressionMultiple linear regression
-- Response: Mean Human Footprint per protected areaResponse: Mean Human Footprint per protected area
-- Predictors: IUCN category, biome, Protected area sizePredictors: IUCN category, biome, Protected area size



Results Results -- GlobalGlobal

Human Footprint ~ IUCN category + Biome + logHuman Footprint ~ IUCN category + Biome + log1010 (size)(size)

Results Results -- BorealBoreal

-- 3/14 # of protected areas (n = 1,660)3/14 # of protected areas (n = 1,660)
-- 9/14 mean protected area size (607 km9/14 mean protected area size (607 km22))
-- 7/14 total area protected (1,007,625 km7/14 total area protected (1,007,625 km22))

-- Many protected areas but they are small despite low Many protected areas but they are small despite low 
Human Footprint in borealHuman Footprint in boreal

Tombstone

Muncho Lake

Swan Lake



Take HomeTake Home

4th World Conservation Congress in October 4th World Conservation Congress in October -- Review of Review of 
IUCN categoriesIUCN categories

1)1) IaIa are not strict nature reserves are not strict nature reserves -- global protected global protected 
areas network is missing true benchmarksareas network is missing true benchmarks

2) 2) VI low Human Footprint & large VI low Human Footprint & large –– multimulti--management management 
areas should not be discountedareas should not be discounted

APPLICATIONS OF OUR WORK…



Foundational Work Foundational Work –– S. Leroux, M.Sc.S. Leroux, M.Sc.

RESEARCH GOALS

• Evaluate the efficacy of 
protected areas 
designed based on 
systematic conservation 
planning

• Investigate overlap of 
indigenous heritage sites 
and protected areas

• Refine theory for 
determining size of 
protected areas required 
to capture large 
ecological processes

Conservation Biology Vol. 21(2), 2007, pp. 376-386.

Foundational Work Foundational Work –– S. Leroux, M.Sc.S. Leroux, M.Sc.
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The NWT Protected Areas StrategyThe NWT Protected Areas Strategy

APPLICATIONS OF OUR WORK…



Study Area: Location & DescriptionStudy Area: Location & Description

Study Area: Intactness LevelsStudy Area: Intactness Levels

••Dark Green Dark Green ≥≥ 95%95%

••Light Green Light Green ≥≥ 80%80%

(existing conservation (existing conservation 
areas outlined in black)areas outlined in black)



Identifying SystemIdentifying System--level level 
Ecological Benchmarks: General MethodologyEcological Benchmarks: General Methodology

1)1) Apply Benchmark Builder to Apply Benchmark Builder to 
identify new candidate identify new candidate 
ecological benchmarks ecological benchmarks 

2)2) Apply Benchmark Builder to Apply Benchmark Builder to 
identify existing conservation identify existing conservation 
areas that may function as areas that may function as 
ecological benchmarksecological benchmarks

3)3) Combine output of 1 & 2 and Combine output of 1 & 2 and 
rank benchmarks (in networks) rank benchmarks (in networks) 
based on representation of based on representation of 
biophysical attributesbiophysical attributes

Criteria for Criteria for 
benchmarks:benchmarks:

≥≥ 95% intact95% intact

≥≥ 3x larger 3x larger 
than the than the 
estimated estimated 
maximum maximum 
fire sizefire size

Examples of TopExamples of Top--ranked Groupings of ranked Groupings of 
SystemSystem--level Ecological Benchmarkslevel Ecological Benchmarks



Critical Areas for TopCritical Areas for Top--Ranked SystemRanked System--level level 
Ecological BenchmarksEcological Benchmarks

•• Relative frequency of Relative frequency of 
occurrence of catchments in the occurrence of catchments in the 
top 10,000 ranked networkstop 10,000 ranked networks

•• Highest rank achieved by Highest rank achieved by 
catchments in the top 10,000 catchments in the top 10,000 
ranked networksranked networks

APPLICATIONS OF OUR WORK…



Sliding Scale for BenchmarksSliding Scale for Benchmarks

Sliding Scale for BenchmarksSliding Scale for Benchmarks

Why a sliding scale for benchmarks? Why a sliding scale for benchmarks? 
•• Landscape condition or political constraints may Landscape condition or political constraints may 

not permit system benchmarks.not permit system benchmarks.
•• Areas that are smaller and/or less intact have Areas that are smaller and/or less intact have 

benchmark value.benchmark value.



Sliding Scale for BenchmarksSliding Scale for Benchmarks

Human Use 

high

low

small largeSize
(Benchmarks and Processes)

Sub-System 
Benchmark

System 
Benchmark

Sliding Scale in NE AlbertaSliding Scale in NE Alberta

Photos from Pembina Institute 2008



APPLICATIONS OF OUR WORK…

Assessment focused on existing and potential protected Assessment focused on existing and potential protected 
areasareas

1.1. Using BEACONs developed tools and criteriaUsing BEACONs developed tools and criteria
(size, hydrologic connectivity, intactness, representation)(size, hydrologic connectivity, intactness, representation)

2.Taking into account issues of conservation due   2.Taking into account issues of conservation due   
to different stakeholders to different stakeholders 
(mines, energy (hydro), forestry, first nation, fauna, (mines, energy (hydro), forestry, first nation, fauna, 
recreation)recreation)

A new case study in QuebecA new case study in Quebec
Proactive conservation planning above and Proactive conservation planning above and 
under the Nordic limitunder the Nordic limit

FrFrééddéériquerique Saucier: masters student Laval University, QuebecSaucier: masters student Laval University, Quebec



Zone ofZone of
StudyStudy

Source: MRNF, September 8 2008



APPLICATIONS OF OUR WORK…

““Ontario to spare boreal forestsOntario to spare boreal forests””
July 14, 2008, Globe and MailJuly 14, 2008, Globe and Mail

““One half of Ontario's vast boreal forest will be permanently proOne half of Ontario's vast boreal forest will be permanently protected tected 
from mining and other resource development projects from mining and other resource development projects …… The The 
government will protect at least 225,000 square kilometers from government will protect at least 225,000 square kilometers from 
development development …… ““

Following recommendations from scientists that Following recommendations from scientists that 
a minimum of half of the land be protected a minimum of half of the land be protected 
while allowing carefully managed sustainable while allowing carefully managed sustainable 
development in remaining lands.development in remaining lands.

WHAT IS BEING PROTECTEDWHAT IS BEING PROTECTED
““Priority will be given to protect lands with key ecological featPriority will be given to protect lands with key ecological features such ures such 
as habitat for endangered species or important carbon sinks... as habitat for endangered species or important carbon sinks... 
Preserving these lands also protects the core cultural connectioPreserving these lands also protects the core cultural connection of the n of the 
Aboriginal people who live there Aboriginal people who live there –– their connection to the land, clean their connection to the land, clean 
water, and abundant hunting and fishing. water, and abundant hunting and fishing. ““



SpeciesSpecies--level Considerationslevel Considerations

Map of NE Alberta and 
study area coming



http://www.borealbirds.ualberta.ca



Summary and ConclusionsSummary and Conclusions

BEACONs has created a suite of tools designed BEACONs has created a suite of tools designed 
specifically to address the ecological context for specifically to address the ecological context for 
conservation planning in boreal regions of Canada.conservation planning in boreal regions of Canada.

1)  There remain opportunities for establishing system1)  There remain opportunities for establishing system--
level benchmarks throughout many regions of boreal level benchmarks throughout many regions of boreal 

Canada at a scale that is globally unparalleled.Canada at a scale that is globally unparalleled.

2) 2) Conservation in the boreal is not limited by the Conservation in the boreal is not limited by the 
current integrity of the landscapes, but by the level current integrity of the landscapes, but by the level 

of commitment to maintaining the full range of of commitment to maintaining the full range of 
ecological and cultural values (the ecological and cultural values (the ““natural natural 

heritageheritage””) that these systems currently support.) that these systems currently support.


