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Abstract—Reducing the risk of losses from wildfires that threaten homes and com-
munities is a growing priority in Canada. To reduce risk, “FireSmart®” standards have 
been adopted nationwide for managing forest fuel. However, these standards largely 
disregard interests of wildlife and conservation of wildlife habitat – thus raising con-
cerns among residents and other stakeholders. To be acceptable, fuel treatments in 
wildland/urban interface areas of Jasper National Park, Alberta, required that potential 
environmental impacts and the requirements of wildlife also be carefully considered. 
A research project conducted in conjunction with the Foothills Model Forest used 
literature and experimental manipulations to develop ecologically based approaches 
for treating fuel in ways that optimize conditions for wildlife, within constraints of cur-
rent standards. The research was conducted during a 30-month prototype project on 
more than 250 ha of forest surrounding the community of Jasper, Alberta. The study 
concluded fuel treatments for the purpose of reducing wildfire risk can be compatible 
with wildlife habitat conservation and ecosystem restoration goals. This paper describes 
the interface challenges faced by park managers, explains the adaptive management 
approach used to develop practicable solutions, and describes resulting species-specific 
mitigations, guidelines, and best practices that satisfy community wildfire protection 
standards and ecosystem management objectives, concurrently.

Introduction

Canada is experiencing an increase in interface fires. The vulnerability of 
people, property, and forests has reached alarming levels during recent fire 
seasons and helped trigger the Canadian Wildland Fire Strategy (Canadian 
Intergovernmental Secretariat 2005). Bothwell (2006) documented more 
than 900 cases of structure loss to interface fire since 1980, and in the past 
10 years more than 250 communities and 700,000 Canadians have been 
threatened directly by wildfires (Natural Resources Canada 2005). In British 
Columbia, recent fire seasons showed a large upward trend related to the 
interface when compared to the 10-year average (Fuglem 2004). In 2003, 
more than 100 of 2,517 wildfires in British Columbia struck interface areas, 
and 15 were major incidents that caused evacuation of 50,000 people and 
destroyed 334 homes or businesses.

Several factors combine to underpin the need for more effective community 
wildfire protection, particularly in Western Canada: (1) increasingly dense 
country residential development (Duke and others 2003), (2) growing risk of 
human-caused ignitions, (3) warmer climate resulting in increased frequency, 
size, and severity of wildfires (Flannigan and others 1998; Flannigan and others 
2003), and (4) rising socio-economic costs of fire control (Filmon 2004).
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Western Canadian wildland fire managers and researchers have observed 
disturbing changes in the structure and density of forests formerly subject to 
frequent disturbance by fire, an upsurge in wildfire intensity at these locations, 
and a corresponding increase in the difficulty of wildfire control (Quintilio 
2005). For example, dense forest annually encroaches on ~30 km2 of open 
forest and grassland in the Rocky Mountain Trench of British Columbia 
(Kootenay National Park 2002). Remote sensing and ground plots revealed 
significant stand and vegetation changes in Jasper National Park (Rhemtulla 
1999; Mitchell 2005). Following the catastrophic 2003 fire season in British 
Columbia, a Provincial Review (Filmon 2004) concluded past fire suppres-
sion has contributed directly to fuel buildup in forests and that this buildup 
will result in more significant and severe wildfires, including more interface 
fires, unless action is taken. In Canada, many of the fire-adapted forests 
most severely impacted are at drier, low elevation areas most attractive to 
recreational and residential development (Duke 2001). Fuel buildup may be 
a lesser problem in the boreal forest where stand-replacing fires prevail.

These trends mirror the experience in the United States, where decades 
of fire exclusion policies have resulted in high accumulations of combustible 
fuels relative to conditions prior to 1900 (Mutch 1994; Graham and others 
2004; United States Department of Agriculture 2005). Covington and Moore 
(1994) described how once frequent low-intensity surface fires served to clean 
the forest f loor of fine fuels and remove regenerating conifers. From a fire 
perspective, reduced fire activity results in increased fuel loads, increased fuel 
continuity, and enhanced probability of crown fire (Daigle 1996; Scott and 
Reinhardt 2001; Graham and others 2004).

Improvements to fire management such as training, response, and enhanc-
ing structural resistance to fire are important, but fuel reduction remains 
as a leading method to decrease the incidence and severity of interface fires 
(Partners in Protection 2003). The principles of wildfire behaviour form the 
basis for fuel modification standards. Byram’s equation for fireline intensity 
(Byram 1959) and more recent analysis by Countryman (1974) and Graham 
and others (2004) reveal that fuel is the only variable humans can manipu-
late to reduce the energy released by fire, whereas there is no control over 
weather or topography. Studies of wildfire behavior and severity in treated and 
untreated fuels by Martinson and Omi (2003) lend further support for fuel 
reduction approaches. Specifically, the ignition, development, and spread of 
wildfire are affected by characteristics of the fuel complex (Canadian Forest 
Service 1968). These include the total fuel load, fuel size and arrangement, 
the moisture and chemical content of fuels, and the “canopy base height” 
and bulk density of fuels (Scott and Reinhardt 2001; Cruz and others 2002). 
Interface residents and fire prevention agencies manipulate these fuel proper-
ties to reduce risk. When they do so, they are also affecting key aspects of 
wildlife habitat.

Fuel Management Standards in Canada

Current Canadian standards for interface fuel management were developed 
by the nonprofit organization “Partners in Protection™” and first published 
in the manual FireSmart®: Protecting Your Community from Wildfire, in 
1999.

The FireSmart manual sets out preventive standards for management of 
forest fuels by individual homeowners, or agencies working at larger scales 
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Figure 1—FireSmart fuel management Priority Zones within the wildland/urban 
interface (Partners in Protection 2003). 

to protect communities. The purpose of these standards is to limit wild-
fire intensity, ease fire suppression efforts, and prevent structural ignitions 
 (Partners in Protection 2003). Canadian FireSmart standards are based on 
the National Fire Protection Association code, NFPA 1144 Standard for 
Protection of Life and Property from Wildfire (NFPA 2002). The standards 
employ the four basic strategies of fuel removal, reduction, isolation, or con-
version to alter fuel bed properties to reduce the potential for fire initiation 
and propagation of crown fire.

These standards require that more fuel be removed as the distance to a 
home or structure decreases. Based on this, the concept of three concentric 
“interface Priority Zones” was adopted by Partners in Protection (2003). 
These zones and the treatments that are found in them served as one basis 
for this study (fig. 1).

Overall, Canadian fire protection agencies are meeting with limited suc-
cess in convincing individuals or communities at the interface to voluntarily 
modify or manipulate forest structure on and around private property. The 
Auditor General for British Columbia (British Columbia 2001) noted that 
only 3 percent of communities in the province had undertaken significant 
levels of risk mitigation, and that little was being done in 55 percent of 
communities where wildfire risk levels were rated moderate to high. Only 
11 percent of communities had undertaken fuel reduction programs of any 
significance. Independent reviews following large interface fires in Alberta 
(DeSorcy 2001) and British Columbia (Filmon 2004) both concluded the 
lack of prefire preparation is a factor, and there is a great need to accelerate 
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fuel management programs, which can ameliorate this danger. Since these 
surveys, both provinces have instituted improved hazard assessment and fuel 
management programs; however, the reluctance of residents and communi-
ties to treat fuel more aggressively frustrates many wildland and municipal 
fire managers.

Several reasons for this lack of action have been documented (Boura 1996; 
Winter and others 2004; McCaffrey 2004b; Mc Gee and others 2005; Bren-
kert and others 2005): resident perceptions that wildfire risk is lower than 
it actually is; lack of knowledge about risk reduction measures; willingness 
by residents to accept the risk of wildfire losses; constraints on the ability, 
funds, or time to implement solutions; skepticism about the effectiveness of 
risk reduction measures; lack of trust in public agencies responsible for fuel 
management; and conflicts between risk reduction measures and other re-
source values held by residents such as wildlife, conservation, or aesthetics.

Evidence is building that recurrent conflicts between existing standards for 
risk/fuel reduction and other resource values such as wildlife conservation 
may deter interface residents or communities from taking preventive actions. 
In Australia, fire hazard reduction practices reduced environmental qualities 
and caused bitter social divisions within local communities (Boura 1996). 
In Arizona local citizens opposed forest thinning “because they moved here 
for the forest,” making it clear that not everyone was comfortable with the 
concept of cutting trees or openly protested such actions as being destructive 
(Winter and others 2004). Graham (2003) listed privacy, wildlife viewing, 
recreation, aesthetics, and ideas of naturalness as key landscape values that 
influenced the acceptability of fuel management activities. For many Jasper 
residents and property owners, it seemed difficult to reconcile FireSmart fuel 
treatments with the personal importance they placed on aesthetic values, 
wildlife viewing opportunities, and the “natural” environment they live in. 
Citizens were also concerned about secondary environmental impacts, such 
as soil erosion or stream pollution, which may result from mechanized fuel 
treatment (Westhaver 2003). Consequently, it is easy for conflict to arise 
between fire managers who advocate manipulation of vegetation, and con-
servationists who view these actions as destructive (Brown 2002).

Such controversies suggest deficiencies in current approaches to commu-
nity and residential wildfire protection. Further evidence for deficiencies is 
found in careful review of current FireSmart standards, which reveals a preoc-
cupation with physical characteristics of the fuel complex and disregard for 
other resource values such as wildlife, wildlife habitat, biodiversity, cultural, 
and aesthetic qualities. Likewise, few procedures for limiting the secondary 
environmental impacts associated with major fuel manipulation projects are 
included. Interestingly, FireSmart authors recognized these shortcomings 
but could find little information to address these issues (Partners in Protec-
tion 2003).

Conversely, fuel initiatives have the best chance of being implemented 
if managers provide effective responses to the questions, objections, and 
concerns of residents (Winter and others 2002; McCaffrey 2004a). A bet-
ter understanding of how fuel reduction treatments affect forest resources is 
required to minimize and resolve conflicts and to more effectively manage 
wildlife habitat (Kotliar and others 2002). The hesitancy of interface resi-
dents to implement FireSmart measures, due to conflicts with other resource 
values or needs such as wildlife, conservation, and aesthetics, was a primary 
motivation for this research.
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Study Problem and Purpose

Based on the foregoing description, it is clear that conflicts between fuel 
modification to reduce wildfire risk and conservation of other resource val-
ues must be reconciled if objectives for protecting wildland/urban interface 
communities from wildfire are to be achieved. An urgent need for increased 
community wildfire protection, deep concerns of local citizens for wildlife 
and environmental protection, and Parks Canada’s mandate for ecological 
integrity provided an opportunity to integrate innovation and research into 
a prototype program of fuel treatment in the wildland/urban interface at 
Jasper, Alberta. This situation also makes the town of Jasper an ideal site for 
gauging public support for modified fuel treatments.

The primary purpose of this research was to develop, implement, and 
recommend practicable, ecologically based approaches for managing vegeta-
tion at the wildland/urban interface in ways that optimize conditions for 
wildlife, within constraints of current fuel treatment standards. A secondary 
purpose, not discussed in this paper, was to establish a methodology for 
monitoring the long-term effects of fuel management on wildlife habitat and 
use (Westhaver 2006).

Study Area

The 250+ ha study area is within a heavily forested area of Jasper National 
Park, Alberta, at the confluence of three large glacial valleys. These fuel 
treatment areas are arrayed around the town of Jasper (fig. 2) and the recre-
ation cottage subdivision at Lake Edith. Research was conducted under the 
joint auspices of Parks Canada, the Foothills Model Forest, and University 
of Calgary.

The area lies in the valley-bottom “Montane” ecoregion (Holland and Coen 
1982) at an elevation of about 1100 m. This area is among the most produc-
tive and biologically diverse ecosystems in Jasper National Park (Holroyd and 
Van Tighem 1983). A wide range of forest types comprise much of the park’s 
critical ungulate winter range, and other specialized wildlife habitats.

Coniferous forests of the study area are mostly composed of mature 
lodgepole pine (Pinus contorta Dougl. ex Loud.), with less area of Douglas-
fir (Pseudotsuga menziessi (Mirb) Franco) forest and mixed conifer forest. 
White spruce (Picea glauca (Moench) Voss) and Douglas-fir are typically 
late-succession species with white spruce dominating conifer regeneration 
in mesic and hygric sites, and lodgepole pine and Douglas-fir regeneration 
in xeric sites. Plant species and communities in this ecoregion are adapted 
to frequent, low-intensity surface fire or mixed-intensity fire (Tande 1979; 
Achuff 1996; Andison 2000). Low intensity (stand maintaining) surface 
fires predominated in grasslands and open canopy Douglas-fir and lodge-
pole pine stands. High intensity (stand replacing) crown fires prevailed in 
moister, continuous pine stands on the valley sides and some valley bottom 
areas (Tande 1979). Due to the absence of fire for much of the past century, 
formerly open, savannah-like Douglas-fir forest and lodgepole pine forest in 
the study area have changed significantly. They are now characterized by a 
scattering of dominant widely spaced, large diameter Douglas-fir veterans 
(200 to 300 years old) that are ingrown with a dense multilayered canopy of 
shorter, smaller-diameter lodgepole pine and Douglas-fir.
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Figure 2—Wildland/urban interface operating areas surrounding the town of Jasper. 
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Prior to Euro-American arrival, aboriginal peoples influenced these Mon-
tane ecosystems and the vegetation found here for more than 10,000 years 
(Heitzmann 2001; White 2001). Although aboriginal peoples appear to 
have ignited the majority of Montane fires, lightning ignitions also played 
a role in establishing ecosystem patterns, processes, and the plant composi-
tion now being managed (Wierzchowski and others 2002). Since settlement 
by nonnatives, anthropological use of fire has dramatically declined in this 
area (White 2001).

Impacts of the recent “fire-free” period on vegetation are significant. Over 
the past 65 years the amount of Montane forest older than 100 years has 
nearly quadrupled from 21 to 78 percent (Andison 2000). Between 1915 
and 1995, the proportion of the Montane occupied by grasslands and open 
forest habitats decreased by more than 50 percent, with similar decreases 
in the number of these patches/100 ha (Rhemtulla 1999; Mitchell 2005). 
Hammond (2003) stated that much of the current structure of Montane 
forest is an artifact of recent fire management practices, rather than reflec-
tive of natural processes and the historical range of variation. Subsequently, 
Parks Canada concluded that, due to fire control, the current fire regime and 
forest conditions are outside the historical ranges of variation, that fire must 
be actively restored, and that risks to developed areas must be ameliorated 
(Parks Canada 2000).

For Parks Canada, it is also important to avoid wildlife/human conflicts 
(Ralf and Bradford 1998); maintain grizzly bear habitat effectiveness (Parks 
Canada 2000); provide connectivity and corridors so that wildlife, particu-
larly carnivores, are able to move freely through the landscape (Mercer and 
Purves 2000); and provide adequate protection for species listed under the 
Canadian Species at Risk Act.

The interface is also the portion of Jasper National Park that receives 
the majority of human development and use. Jasper, a community of about 
5,000 residents and 500 businesses, is the service centre for park visitors 
and administration, and a division point for Canadian National Rail. Up to 
20,000 visitors can be accommodated nightly and more than 2 million visi-
tors use the park each year (Parks Canada 2000). Wildfire risk (La Morte 
and Associates 1996) in the town area is substantial and has been recognized 
for many years (Carnell and Anderson 1974; Haney and Anderson 1978; 
Fenton 1986; FireLine Consulting 1997; Mortimer 1998, 1999; Blackwell 
and Mortimer 2004). Risk arises from a combination of high probability of 
fire ignition from frequent lightning, industrial, transportation, and other 
human-caused sources and extreme consequences that would result, given 
the expectation of a fast-moving high intensity wildfire.

Starting in 1999, solutions to reduce wildfire risk were methodically imple-
mented. Initial efforts focused on infrastructure improvements, structural 
modifications, and better emergency preparedness (Jasper Interface Steer-
ing Team 2002). By 2001, efforts shifted to fuel reduction, by landowners 
and Parks Canada. At the same time, residents and park managers became 
increasingly aware that fuel manipulations could adversely affect wildlife and 
wildlife habitat, and deficiencies in FireSmart standards grew more appar-
ent. Without more appropriate fuel measures to address resource and social 
concerns, it seemed unlikely that sufficient public or management support 
for fuel reduction programs would be obtained. It also seemed obvious that 
improvements to standard fuel treatments could, and should, be made. This 
study addresses these deficiencies.
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Methods

This study employed a combination of literature review, experimentation 
learning through adaptive management (Walters and Holling 1990), and 
deductive analysis to develop innovative fuel treatments that better accom-
modate wildlife while managing interface vegetation to reduce wildfire risk. 
Improved fuel treatments were applied by labor crews and specialized industry 
contractors, then evaluated and refined by Parks Canada in a 250-ha prototype 
fuel management project at Jasper, Alberta. The work took place over three 
winters between 2003 and 2005. This approach was adopted as the best means 
of achieving the goals of this study and overall risk reduction objectives at 
Jasper, given the constraints of time, and the near absence of reproducible 
scientific studies specific to fuel treatments in the wildland/urban interface. 
Figure 3 summarizes the overall sequence of analytical steps employed to 
achieve the study purpose.

The key principles of wildland fire behavior (Van Wagner 1977; Forestry 
Canada Fire Danger Group 1992; Scott and Reinhardt 2001; Cruz and 
 others 2002; Graham and others 2004) and home ignition (Cohen 2000a,b; 
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Figure 3—Schematic of research methods.
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Cohen and Stratton 2003) were reviewed at the onset of the study. This was 
done to avoid violating the intent or efficacy of existing fuel treatment stan-
dards when proposing more environmentally sensitive methods. FireSmart 
standards were dissected and reorganized in relation to six horizontal fuel 
bed layers as described by Sandberg and others (2001) to facilitate a logical 
review of the ecological effects of fuel treatments and practical presentation 
of improved methods (table 1). For biological reasons, Sandberg’s ground 
fuel stratum (2001) was sub-divided into fine and coarse woody fuels, and 
the tree canopy sub-divided into overstory and understory, thus creating 
eight layers in this study.

Extensive literature reviews were conducted to identify potential impacts of 
fuel treatments on abiotic forest components such as insolation, temperature, 
wind f low, effective precipitation, relative humidity, soil moisture, and soil 
nutrient status. Literature was also surveyed about the habitat roles of each 
fuel bed stratum to help predict the direct and/or indirect effects of fuel treat-
ments on each of these. Existing literature was reviewed to determine how 
fuel management treatments alter important habitat features. We chose habitat 
trees, forest edge, coarse woody debris, and wildlife corridors as important 
habitat attributes, and grasslands, aspen forest, and wetland/riparian areas as 
being significant habitat types. Next, we identified the potential impacts of 
fuel treatments on 41 species of wildlife common to the interface. Selected 
species included four cavity excavators, eight songbirds, six raptors, 12 small 
mammals, one bat, six carnivores, three ungulates, and one amphibian.

Table 1—Fuel bed layers (from Sandberg and others 2001) used to assess wildlife habitat 
impacts and develop mitigation techniques.

 Fuel bed strata Characteristics

1. Ground fuel stratum Duff or organic soil horizons, roots, and buried wood.
  Generally, ground fuels are consumed by long
  duration smoldering fire, after passage of the flame
  front characteristic of surface and crown fires.

2. Moss-lichen-litter stratum “Fine” fuels consisting of bryoids and loose undecayed
  needles and leaves. These fuels burn during flaming
  and glowing combustion phases of surface fires.

3. Woody fuel stratum Fine (<0.76 cm), medium (0.76 to 7.5 cm), and
  coarse (>7.5 cm) woody material on, or in contact
  with, the ground; may be sound or rotting, and
  arranged individually (stumps), loosely, or in piles.

4. Low vegetation stratum Grasses and herbs. Cured fine fuels burn quickly
  contributing to surface fire intensity, but not to fire
  residence time.

5. Shrub stratum Dwarf shrubs, tall shrubs, and coniferous regeneration.
  Burn vigorously in surface fires to increase fire intensity
  depending on fuel moisture content. These fuels serve
  as connecting “fuel ladders” and transmit surface fire
  into the canopy.

6. Tree canopy stratum Crown or “aerial” fuels consisting of live and dead trees
  (needles and branches <0.76 cm) and arboreal lichens.
  Continuous, high density, canopies lead to crown fire
  and ember spotting.
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Current fuel reduction standards were examined, by fuel bed layer and 
interface Priority Zone, to discern prospects for incorporating measures that 
could improve wildlife and habitat quality, or at least reduce adverse impacts, 
without reducing effectiveness of fuel treatments. Literature pertaining to 
forest health, natural disturbance, and ecological restoration was then sur-
veyed to establish possible linkages with vegetation manipulation for fire 
protection purposes.

Once potential mitigations for protection of wildlife and habitat were 
identified, these were incorporated into prototype fuel treatments and pre-
sented in the form of “prescriptions.” Unique prescriptions were developed 
for each forest type in the study area. To aid in assessing the practicability 
of the prototype fuel treatments they were first applied at several 0.5 to 
1.5 ha “demonstration sites.” Initially, Parks personnel worked with resident 
volunteers during neighborhood “work-bees” to implement fuel treatments. 
Later, between April 2003 and October 2005 these treatments were refined 
and applied on much larger areas around the town of Jasper, by specialized 
timber firms under contract to Parks Canada.

Results

Detailed information about FireSmart fuel standards, literature reviews, and 
step-wise analyses of impacts of fuel treatments on abiotic forest components 
and biological attributes of fuel beds, and the impacts of fuel treatments on 
41 species of birds, mammals, and amphibians common to wildland/urban 
interface areas are found in Westhaver (2006), which also provides the results 
of an analysis to identify opportunities for accommodating wildlife and habitat 
attributes in each forest/fuel bed stratum (within the constraints of current 
fuel treatment standards). See Westhaver also for details of other results of 
the prototype project not discussed in this paper, including a methodology 
for long-term monitoring of wildlife and habitat responses to fuel treatments, 
and assessment of mechanized techniques for implementing large-scale fuel 
treatments.

We investigated the potential for achieving ecological restoration concurrent 
with measures for community wildfire protection. That approach is advocated 
by several authors (Arno and Wakimoto 1987; Covington and Moore 1994; 
Fule and others 2001; Brown 2002; Omi and Joyce 2003) but was, to our 
knowledge, untested in Canada. We found strong similarities between the 
solutions required to resolve ecological problems in fire-dependent forests 
such as forest in-growth, forest encroachment, and replacement of decidu-
ous species by conifers, and fire protection issues caused by hazardous fuel 
accumulations. We judged that, by selectively thinning the forest canopy to 
restore stand structure and composition to within their historic ranges of 
variability, the net effect is also to reduce wildfire risk. We also concluded 
that by using information about historical forest density and structure as a 
guide to thinning intensity, wildfire risk can be reduced (in some areas) to 
levels below what could be expected by applying FireSmart standards alone. 
These overlapping objectives did not extend to even-aged lodgepole pine 
forests initiated by stand-replacing fires. In these stands, prescribed thinning 
standards result in habitat conditions that depart from historic norms, but 
may still benefit wildlife. For example, marten may find more meadow vole 
prey within thinned stands, but the density of red squirrels in the interface 
zone is likely to be less than found during pretreatment levels.
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Numerous opportunities for maintaining or enhancing wildlife conditions 
within constraints of current fuel treatments were identified after examining 
FireSmart standards. Due to stricter needs for fuel removal close to struc-
tures, opportunities increased with increasing distance from structures. Five 
strategies were identified for managing the forest canopy to benefit wildlife: 
(1) variations of single-tree thinning, (2) cluster thinning, (3) selective 
preservation of habitat trees, (4) stand type conversion, and (5) selection for 
prevention of posttreatment windthrow. The opportunity analysis was carried 
out through other fuel bed/forest layers and yielded many more wildlife 
prospects in treated fuels (Westhaver 2003).

Species-Specific Mitigations for Wildlife and Habitat 
 Conservation

A key result of this study was to synthesize information about the life/
habitat needs of wildlife common to the interface and identify mitigations 
to minimize the impact or obtain wildlife benefits within the context of 
current fuel treatments. A sampling of that content from Westhaver (2006) 
is provided in table 2. This synthesis resulted in a variety of species-specific 
conservation measures to minimize adverse impacts to wildlife or, alternatively, 
optimize wildlife benefits from fuel management treatments. Overall, we 
suggest that protection of habitat trees, coarse woody debris, and structural 
diversity within stands are the most significant mitigation factors. Species-
specific mitigations were refined during three operating seasons of the Jasper 
prototype fuel management project to ensure their practicability. The full 
set of wildlife habitat requirements and mitigations are summarized in seven 
tables, grouped by species with similar habits and life requirements, and are 
presented in Westhaver (2006).

Ecosystem Based Fuel Management Guidelines –  
by Priority Zone and Fuel Bed Strata

For each interface Priority Zone and within each of the eight fuel bed strata, 
we developed and field-tested ecosystem based fuel treatment guidelines for 
benefits to wildlife or reducing potential adverse impacts of fuel management 
activities. Once again, these guidelines respect the overriding principle that 
FireSmart standards for reducing fire intensity be followed.

In Priority Zone 1, these guidelines provided for preserving or planting 
deciduous trees to provide important seasonal habitat, measures to allow 
selective retention of existing snags and creating additional snags by topping 
mature conifers, suggestions for preserving “feature” trees while reducing 
ignition potential, managing native shrubs to optimize forage, shade, and 
cover for wildlife, cultivating fire-resistant ground covers, and preserving 
isolated logs.

Even more extensive opportunities for accommodating wildlife are pos-
sible in Priority Zones 2 and 3. Guidelines were provided that recommend 
retention of all deciduous trees and offer a series of principles to preserve 
long-term wildlife benefits when deciding which conifers to retain or remove 
from mixedwood or pure conifer stands. Guidelines to identify and preferen-
tially retain long-lived tree species and individuals with windfirm traits are 
presented. Trees with twin, multiple, and broken tops or fire scars should 
be retained since these deformities, and associated decay, make these trees 
highly suitable for wildlife nesting, roosting, and feeding sites. Exceeding the 
single-tree spacing standards is recommended to create forest gaps or open 
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forest habitats that provide habitat diversity while further decreasing fuel 
continuity, which significantly reduces fire spread rates while increasing ease 
of fire control. All habitat trees with nests and cavities should be preserved. 
Wildlife use can be increased by pairing habitat trees with living trees, or by 
preserving clusters of habitat trees. A minimum of 12 to 15 snags per hectare 
should be retained for optimal wildlife conditions. In the forest understory, 
rather than removing all coniferous regeneration, overtopping mature trees 
can be removed in some cases to provide increased wildlife cover and secu-
rity while also allowing for long-term tree replacement and seral succession. 
At least 25 to 350 linear metres of logs should be left on the ground, with 
preferential protection for older, larger, and more decayed individuals.

S

Pileated
Woodpecker

Widespread but relatively uncommon year
round resident of most Canadian forests; has
a large territory; needs minimum 33 cm
Diameter at Breast Height (DBH) snags or
live trees with decay for excavating nests and
roosts; ants and insects in trees and logs are
main year round food; uses live hollow or
decaying trees for drumming; attracted to
sheltered clumps of dead trees and downed
logs.

Retain a mix of forest ages and types in the region;
retain 12-15 snags and 12-15 living trees with decay
(legacy trees) per ha of all diameters, species and
sizes with bias towards large diameter (>33 cm
DBH) trees; broken-top trees most important; use
cluster thinning technique to retain cover adjacent
habitat trees; retain trees infested with ants/insects;
retain up to 50 logs/ha on ground (long and large is
best) and extra snags for forage and future downed
logs; keep tall stumps of all sizes; survey areas for
active use by woodpeckers first.

Black-
capped
Chickadee

Common year-round resident Canada-wide;
feed by gleaning insects and insect eggs from
bark, twigs, boles, and foliage of trees and
shrubs from ground to crowns; seeds, berries
augment diet; can excavate nests in rotted
wood; use existing cavities/hollow trees;
stubs are important nest sites; select nest
trees <or= 10 cm. DBH, often in open areas;
roost in cavities/dense conifers out of wind.

Retain or create a variety of dead or dying trees of
different diameters and species for nesting and
foraging; preserve broken-topped trees, even short
stubs; thinning will encourage seed sources from
native flowering plants and berry production;
augment these with planted landscapes around
home and/or bird feeders; preserve shelter around
habitat trees and small clusters of conifers for
roosting out of the wind and rain.

Red-backed
Vole

Common in boreal and mountain forest
across Canada; closely linked with moist,
mossy, mature conifer forest; downed woody
material very important for cover; feeds
heavily on fungi (mushrooms) associated
with decaying wood; also eats seeds, insects,
berries; use squirrel middens; key prey items.

Leave abundant coarse woody debris, large logs,
small brush piles, and decaying matter to foster
fungus foods and provide shelter and moisture; use
cluster thinning and protect shrubby understory to
preserve pockets of dense forest and shaded sites;
limit thinning in moist forest areas where possible;
protect squirrel middens.

Weasel Coarse woody debris provides access to
under-snow environments and cover for
potential prey species; most common in
regenerating forest and grassy areas suited
to prey species, residual trees.

Leave abundant coarse woody debris, large logs,
and small brush piles where possible to foster
abundant prey and provide cover. Leave protruding
debris to provide access routes and under snow
travel routes; use cluster thinning and protect
shrubby understory to preserve pockets of dense
forest and shaded sites; protect squirrel middens.

White-tailed
Deer

Found across Canada in grassland, parkland
and boreal mixedwood; spring/summer diet
mostly flowering plants, grasses; browse on
deciduous trees and shrubs in winter; mostly
inhabit forest edges to feed in open and seek
cover in forest/shrubs; small conifer thickets
are winter refuge.

Interface areas can provide forest edge favorable to
white-tailed deer; encourage and preserve
deciduous shrubs and aspen during thinning; open
canopy will increase summer forage availability;
preserve thickets of coniferous saplings in
deciduous/mixedwood forest for cover (remove
mature  conifers that overtop regeneration to
reduce fire spread).

Habitat RequirementsSpecies
Mitigations to Minimize Impact or
Obtain Benefits

Table 2—Example habitat requirements and mitigations to minimize impacts of fuel management or obtain benefits 
for interface wildlife.
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“Best Practices”: Guidelines for Modified  
Fuel Management

This study also developed a series of general guidelines for modified fuel 
practices more sensitive to ecological considerations in the wildland/urban 
 interface. These are not specific to wildlife species or interface priority zone.

Burning of woody debris in many smaller piles is recommended in prefer-
ence to disposal methods such as chipping and spreading. This encourages 
nutrient cycling and hastens establishment of native plant cover. Restricting 
mechanized fuel operations to winter when organic layers are frozen and 
covered with insulation snow will minimize soil disturbance and disruption 
of low habitat structure. Curtailing the season and hours of mechanical 
 operations allows wildlife migrations and diurnal movements. We found that 
key habitats such as forest edge could be enhanced by enlarging and making 
existing forest openings more irregular in shape, and that knowledge of 
wildlife habits and local animal movements can be used to preserve existing 
wildlife corridors or ensure adequate hiding/security cover for animals as 
they move between foraging sites. We recommend minimal vegetation dis-
turbance around groundwater discharge areas, temporary pools, and moist 
depressions but compensating for this with adjacent areas of more stringent 
fuel reduction.

We also produced guidelines for adapting thinning from below methods 
to Douglas-fire and open lodgepole pine forest types and regimes of frequent 
fire. These guide tree retention decisions in terms of age, diameter, species, 
and spacing and utilize large veteran trees as “anchor” points to start the 
process. Conversely, decision rules were developed to adapt thinning from 
above methods for use in denser, even-aged lodgepole pine stands to encourage 
stand/habitat diversity and succession of shade tolerant species. Guidelines 
for minimizing posttreatment windthrow include selective retention of trees 
with both lateral and tap root systems, greater height and width of live crown, 
and low slenderness index along with liberal use of cluster thinning. Detailed 
guidelines for all types of wildlife trees are provided (Westhaver 2006).

Altogether, the foregoing species-specific mitigations, Priority Zone and 
fuel bed layer guidelines, and general best practices form a set of ecologi-
cally based criteria for modifying current fuel management practices in ways 
that benefit wildlife, but do not compromise risk-reduction objectives of 
FireSmart standards.

Discussion

Developing the above guidelines and mitigations by adaptive manage-
ment approaches, during an operational fuel management project, proved to 
be an effective method for testing and refining practicable solutions. This 
 approach allowed for continuous exchange between researchers and the 
manual crews, specialized forestry harvesting contactors, and equipment 
operators responsible for implementing them. That feedback resulted in many 
practical improvements. Also, adopting a collaborative approach involving 
operators and crews improved communications regarding wildlife conserva-
tion objectives, and led to a shared interest in achieving positive results. As 
an example, enthusiastic equipment operators offered up many abilities and 
mitigative actions that heavy equipment is capable of performing, but fuel 
managers were unaware.
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Our assessment of potential ecological effects of standard fuel treatments 
revealed that manipulating fuel load, arrangement, and size distribution also 
resulted in substantial alterations to important wildlife habitat qualities. Spe-
cifically, we noted that fuel modification directly or indirectly affected most 
aspects of forest structure, forest composition, and forest function, and that 
these effects can lead to a wide range of adverse impacts upon wildlife and 
wildlife habitat. As a corollary, we also concluded that knowledge of these 
effects was useful to guide fuel manipulation programs in a more informed 
way, thus allowing adverse impacts to be avoided and potential wildlife ben-
efits to be realized. We judged that the correlation between fuel bed strata 
and ecological or habitat layers was strong, and this analogy was useful for 
organizing, understanding, and presenting the effects of fuel manipulation, 
as well as developing more holistic fuel treatments.

Existing literature provided sound information about life requirements for 
wildlife. However, we found that most literature concerning wildlife response 
to forest disturbance was related to major events such as clearcut logging or 
wildfire, but there are few studies, and few experimental data, to verify the 
response of wildlife to fuel treatments that leave significant canopy cover, 
a less severe form of disturbance. Our forecasts of potential impacts of fuel 
treatments were hampered by this knowledge gap. Future wildlife studies in 
fuel treatments would be beneficial; in aid of this, pretreatment sampling of 
small mammal and ungulate activity was conducted in permanent 90 x 90 
m grids (Westhaver 2006).

The ability to provide benefits for habitat and wildlife varies between 
vegetation and fuel types. For example, it is desirable to preserve an ongoing 
supply of snags of all structural forms (Bull and others 1997), in a variety of 
topographic positions, and with a range of adjacent cover (Brittingham and 
De Long 1998). However, we found that the ability to do so was signifi-
cantly limited in even-aged lodgepole pine stands, whereas opportunities to 
meet these objectives were plentiful in mixed conifer and Douglas-fir forest 
types. Forest edge can be increased or decreased during fuel treatments by 
varying the pattern and degree of canopy thinning, creating or augment-
ing forest openings, and aligning treatments with topographic or soil type 
boundaries. However, the utility of artificially created openings and edges 
is poorly known.

Study Limitations and Knowledge Gaps
This and other attempts to develop ecologically based fuel treatments 

will continue to be hampered until more field studies to scientifically assess 
the effects of fuel treatments and the responses of habitat and wildlife are 
conducted. In aid of this, a fixed plot sampling methodology for monitoring 
long-term changes in vegetation conditions and wildlife use was developed 
and put into place prior to fuel manipulations at Jasper (Westhaver 2006). 
Followup studies are strongly recommended in this prototype area, and other 
locations, to help fill current knowledge gaps. Aside from limitations that 
result in applying literature from other forest disturbances that are similar, but 
not identical to fuel treatments, are limitations that may result from conclu-
sions drawn from studies conducted in similar but different ecosystems.

Given that this study was partly motivated by perceived conflicts between 
fuel treatments and other values held by interface residents, it is advisable 
that sociological research be initiated to determine if the improved treat-
ments described by this study are, in fact, more acceptable to these people. 
We also suggest that, due to the great importance of coarse woody debris 
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for wildlife, studies be directed at better determining threshold levels of 
debris that can be retained for wildlife purposes without compromising fire 
protection objectives.

Through this research, we are hopeful that wildland and municipal fire 
managers will augment the dominant viewpoint of “vegetation as fuel” with 
a more holistic perspective of vegetation as the basis for wildlife populations 
and other social or ecological values held by interface residents. In this way 
concerns of interface residents can be addressed, and a significant barrier to 
fire prevention actions removed.
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