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ABSTRACT. Encroachment, including human settlement, into the North American boreal forest has increased substantially in
recent decades. This has resulted in changes in the dynamics, distribution, and functioning of this system with potential negative
implications for avifaunal communities. Fuel breaks are often constructed around human settlements in forested landscapes to reduce
the potential of damage to infrastructure from wildfires. The frequency and intensity of wildfire in boreal landscapes is projected to
increase under future climate change scenarios. Thus, fuel breaks may become a more common management system around
communities in the boreal forest. We assessed the responses of 21 bird species to the creation of a fuel break constructed around the
village of Waskesiu in Prince Albert National Park, Saskatchewan, Canada. We surveyed birds for 2 years before (2000, 2001) and
in 11 of 16 years after clearing (2002-2017; n = 14 sites) relative to reference sites (n = 3 sites surveyed since 2000 and n = 14 sites
surveyed since 2006). The fuel break (~247 ha) was created in mature aspen-spruce forests and resulted in habitats resembling open
parkland and open deciduous forest through removal of ~95% of the coniferous trees and continuous firebreak management. A
community-level analysis indicated that open- and shrub-dwelling bird species became dominant following fuel break creation and
for the duration of the study. Individual species-level analyses indicated declines in four avian species associated with older boreal
forests (e.g., Bay-breasted Warbler, Setophaga castanea) and increases of six avian species typical of open and shrub habitats (e.g.,
White-throated Sparrow, Zonotrichia albicollis). However, trends of most species were similar in reference and fuel break sites likely
due to the close proximity of reference sites to the fuel break. The fuel break in our study negatively affected most avian species that
require older forests and, with ongoing maintenance, fuel breaks represent an unnatural component of the landscape in protected
areas. Planned and ongoing expansion of the Waskesiu fuel break and creation of another fuel break (additional ~395 ha) in Prince
Albert National Park including clearing to protect commercial property outside the park warrant additional investigations into the
impacts of fuel breaks on birds and other wildlife.

Effets sur les oiseaux de la création d'un coupe-feu près d'un village dans la forêt boréale de l'ouest du
Canada : incidences pour l'aménagement dans des aires protégées
RÉSUMÉ. L'empiètement de la forêt boréale nord-américaine, y compris l'établissement de zones habitées, a augmenté
substantiellement dans les récentes décennies, entraînant des changements dans la dynamique, la répartition et le fonctionnement de
ce système, et de possibles répercussions négatives sur les communautés d'oiseaux. On construit souvent des coupe-feux autour des
zones habitées dans les paysages forestiers pour y réduire le risque de dommages aux infrastructures par les feux de forêt. Selon des
scénarios prédisant les effets des changements climatiques futurs, la fréquence et l'intensité des feux de forêt dans les paysages boréaux
augmenteront. Les coupe-feux vont dès lors probablement devenir un système de gestion plus commun autour des communautés
sises en forêt boréale. Nous avons évalué la tendance de 21 espèces d'oiseaux suivant la construction d'un coupe-feu autour du village
de Waskesiu dans le parc national de Prince Albert, en Saskatchewan, Canada. Nous avons inventorié les oiseaux deux ans avant
(2000 et 2001) et lors de 11 des 16 ans après la coupe forestière (2002-2017; n = 14 sites) comparativement à un site de référence (n
= 3 sites inventoriés depuis 2000 et n = 14 sites inventoriés depuis 2006). Le coupe-feu (~247 ha) a été créé dans une forêt de peupliers-
épinettes mature et les milieux résultant de cet aménagement ressemblaient à de la forêt-parc ouverte et de la forêt décidue ouverte,
suivant la coupe de ~95 % des conifères et le maintien en continu de cette zone. Une analyse au niveau de la communauté a révélé
que les espèces d'oiseaux de milieux ouverts et arbustifs sont devenues dominantes à la suite de la création du coupe-feu et le sont
demeurées tout au long de notre étude. Les analyses au niveau spécifique ont indiqué que quatre espèces d'oiseaux associées aux
forêts boréales âgées (p. ex. la Paruline à poitrine baie, Setophaga castanea) ont diminué et que six espèces typiques des milieux ouverts
et arbustifs (p. ex. le Bruant à gorge blanche, Zonotrichia albicollis) ont augmenté. Toutefois, la tendance de la plupart des espèces
dans les sites de référence était la même que celle des sites localisés dans le coupe-feu, vraisemblablement en raison de la proximité
des sites de référence avec le coupe-feu. Le coupe-feu sous étude a affecté négativement la plupart des espèces d'oiseaux qui ont besoin
de forêts âgées et, avec leur maintien en continu, les coupe-feux représentent une composante non naturelle dans le paysage d'aires
protégées. L'expansion actuelle et planifiée du coupe-feu de Waskesiu et la création prévue d'un autre coupe-feu (~395 ha) dans le
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parc national de Prince Albert, dont de la coupe forestière en vue de protéger des propriétés commerciales à l'extérieur du parc, méritent
un examen approfondi des impacts des coupe-feux sur les oiseaux et les autres espèces fauniques.

Key Words: climate change; forest management; forest retention; forest thinning; fuel break; generalized linear mixed models (GLMM);
Prince Albert National Park

INTRODUCTION
The southern mixedwood forest within the Boreal Plains Ecozone
is the breeding ground for millions of birds and contains some of
the most rich and diverse bird communities in North America
(Hobson and Bayne 2000a, Wells 2011). Although the majority
of the boreal forest remains relatively intact, increasing industrial
and commercial development has led to substantial loss and
fragmentation of large portions of forest, particularly in the
southern part of this biome (Hobson et al. 2002a, Linke and
McDermid 2012, Hansen et al. 2013). Indeed, ~35% of the entire
Boreal Plains Ecozone remains intact and only ~4% of this region
is protected from direct human disturbance (i.e., as parks; Hobson
et al. 2002a, Federal, Provincial, and Territorial Governments of
Canada 2010). Therefore, conservation of biodiversity in this
ecozone requires effective management of the remaining forests.  

Drier conditions and higher tree mortality resulting from climate
change have led to increases in the intensity, severity, and
frequency of fires in the boreal biome (Michaelian et al. 2011,
Peng et al. 2011). These factors, coupled with increased
industrialization and urbanization have led to greater human-
wildfire interactions in recent decades (Syphard et al. 2007, Kelly
et al. 2013, Boucher et al. 2014). Destruction or damage of
property, infrastructure, and commercial timber from wildfires
carry major social, environmental, and monetary costs; therefore,
efforts to minimize risks to these values are often needed.  

One approach to reducing wildfire risks to human settlements in
forested landscapes is to decrease local fuel availability by creating
large breaks in the vegetation surrounding properties that mitigate
the spread and intensity of fires. By eliminating or diminishing
the potential for crown fires through canopy removal, potential
ground fires are expected to be more easily controlled (Agee et al.
2000, Collins et al. 2010). Shaded fuel breaks retain some, often
less flammable vegetation as ground cover and deciduous trees to
maintain a desirable aesthetic element but may also provide some
value as wildlife habitat. Management of shaded fuel breaks
through mechanical treatments (e.g., mowing, prescribed
burning) is required through time to maintain their effectiveness.
However, permanent alteration through recurring management
of these areas may reduce their ability to maintain natural habitat
for some wildlife, particularly forest specialist species (Hurteau
et al. 2008, Burnett et al. 2012).  

How birds respond to high levels of forest thinning or clearing
and recurring long-term management to reduce fuel loads in the
boreal forest is largely unknown. The most relevant analogous
situation is in the early seral stages following clear-cut forestry,
which results in a dramatic change in forest cover from mature or
old-growth forest to open habitat mostly devoid of trees. In the
latter scenario, vegetation and bird communities follow
predictable shifts from early successional to late seral species and
structure through time (Hobson and Bayne 2000a, b, Hobson et
al. 2000). In contrast, conversion to an open parkland-like habitat
and lack of forest regeneration in fuel breaks will likely result in

a shift from an avian community dominated by closed canopy
forest birds to one dominated by open-habitat generalist or shrub-
dwelling species (Burnett et al. 2012) persisting through time.
Shaded fuel breaks that maintain some vegetation structure (Agee
et al. 2000) possibly provide greater benefits to avian and other
wildlife communities through availability of more habitat types.
Understanding what impacts fuel reduction and fuel break
creation and maintenance have on birds can lead to more
appropriate management techniques that minimize their impacts
on bird communities and vulnerable bird species.  

Protected areas such as national parks are important components
in the conservation of representative flora and fauna and for
serving as benchmarks against human-dominated landscapes
(Chape et al. 2005). Indeed, a core mandate of North American
national parks is the conservation of native biodiversity through
the maintenance of habitats in natural seral stages and insurance
against colonization by species associated with other biomes
(National Park Service 1916, Government of Canada 2000,
Chape et al. 2005, Parks Canada Agency 2008, Sanderson et al.
2012). With increasing recreational usage and development of
protected areas, there is a need to incorporate protection of
human safety and infrastructure into protected area management.
In some Canadian national parks, fuel breaks have recently
become used as a means to protect these human values from
potentially catastrophic fires. However, fuel breaks are an
unnatural component within national parks that may diminish
their conservation value and thus not serve as an effective part of
protected areas. Consequently, minimizing the impacts of fuel
breaks is fundamental to ensuring the objectives of biodiversity
conservation in protected areas are met, particularly as threats to
these areas intensify from usage, insularization, and climate
change (Chape et al. 2005, Wood et al. 2014, 2015).  

We assessed responses of individual bird species to the creation
of a shaded fuel break in Prince Albert National Park (PANP) in
Saskatchewan, Canada. The objectives of this study were to
determine changes in bird communities and individual species
density before and after construction of a fuel break relative to
adjacent or nearby reference forests, ultimately to inform future
fuel break development in boreal parks and other forests adjacent
to habitation throughout the region. We reasoned that although
this was a single event with ongoing management, such
manipulations in protected and unprotected areas will become
much more common in the future, and deriving avian species
responses to these types of management techniques is thus
important. Prior to cutting, the fuel break was dominated by old-
growth (> 80 yr) mixedwood, deciduous, or coniferous forests. We
expected a change in bird community composition in the fuel
break toward an open-habitat, generalist community and a
decline in bird species associated with mature or old-growth
mixedwood and conifer forests (e.g., Cape May Warbler
Setophaga tigrinum). We predicted that the open- and shrub-
habitat community would generally persist through time with
continued periodic maintenance of the fuel break.
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METHODS
Our study was conducted near the resort village of Waskesiu (53°
35′24″ N, 106°04′53″ W) in PANP, Saskatchewan (Fig. 1). Prince
Albert National Park is situated in the Boreal Plains Ecozone
(Acton et al. 1998) with the southern part of the park bordering
intensive agriculture and the northern portions representing
typical boreal forest. Prior to cutting, the forest in the fuel break
area was composed of old-growth (> 80 yr) mixedwood (~69%),
hardwood (~25%), and pure conifer stands (~6%; Prince Albert
National Park 2000) dominated by white spruce (Picea glauca),
balsam fir (Abies balsamea), trembling aspen (Populous
tremuloides), balsam poplar (P. balsamifera), and white birch
(Betula papyrifera). A well-developed shrub layer typical of
mature boreal forests consisting mainly of green alder (Alnus
viridis Chaix), willow (Salix spp.), and hazelnut (Corylus corluta)
was also present before fuel break construction (PANP,
unpublished data).

Fig. 1. Avian point-count locations in and adjacent a
community fuel break created in winter 2001 adjacent to the
resort village of Waskesiu in Prince Albert National Park,
Saskatchewan, Canada. Point-count stations west and north of
the fuel break are from a bird monitoring program initiated in
2006 and used as additional reference sites in this study.

Fuel break creation and management
Concerns of a potential catastrophic wildfire having an impact
on the Waskesiu town site following decades of fire suppression

led the Park to create a ~247 ha (range ~150-600 m wide)
community fuel break (Fig. 1). Removal of greater than 95% of
the conifer trees and selective removal of deciduous trees resulted
in 15-95% tree thinning at individual point-count stations chosen
prior to the treatment. The resulting shaded fuel break (hereafter,
fuel break) visually resembled open and open deciduous-
dominated habitats more common in parkland areas south of the
park. Initial tree cutting and removal was completed in winter
2002 and subsequent maintenance was done using low-impact
techniques to minimize soil compaction and reduce disturbance
to understory vegetation (D. Guedo, personal communications).
Trees were removed from site and slash from the thinning
operation was piled and burned in subsequent years. Annual or
semiannual maintenance of the fuel break included piling and
burning of slash and deadfall, prescribed fires, and manual
brushing to maintain integrity of the fuel break. The fuel break
is bordered by mature forest, the village, and Waskesiu Lake.

Bird surveys
Bird point-count stations were established in 2000 prior to
thinning inside (treatment, n = 14) and adjacent (reference, n =
3) to the fuel break (Fig. 1). Point-count stations were placed
randomly in forest types in approximate proportion to their
availability within and adjacent to the fuel break, at least 150 m
from human infrastructure (e.g., roads, village) to minimize their
potential influence on bird abundance, and ~300 m apart to avoid
double counting birds. The fuel break boundary was finalized just
prior to cutting, and thus several stations initially planned as
reference sites were eventually inside the fuel break and so became
treatment sites. To increase sample sizes of reference sites, we
added 14 point-count locations from a local bird monitoring
program that began in 2006. Birds were recorded using two omni-
directional microphones (E3 Biomonitoring System CZM,
Riverforks Research Corp©) in stereo configuration (Hobson et
al. 2002b, Campbell and Francis 2011) at each point-count
station, and recordings were later analyzed in the lab by three
experienced observers. Recorders were deployed manually and
each recording was 10 minutes long. Sampling began at sunrise
and ended five hours later, and each point count was surveyed
once per sampling season. Surveys were completed over two to
four days each year from 1 June to 3 July during the peak of the
breeding season in the boreal forest. Point-count surveys were
conducted for 2 years prior to forest thinning (2000, 2001) and
for 16 years after thinning until 2017 inclusive except 2007, 2008,
2010, 2015, and 2016. Recordings were made throughout the daily
survey period and randomly in thinned and reference sites to
reduce the potential influence of time of day on detection
probability. All birds heard during the recordings were transcribed
and used in analyses because distances cannot be reliably
estimated using these recorders (but see Hobson et al. 2002b).
Recordings were only made on days with no precipitation and
little to no wind.

Habitat surveys
Residual tree patches remaining after fuel break creation were
mapped manually with a geographic information system (GIS)
from a high resolution (15 cm) orthographic photo of the fuel
break captured in 2007. Polygons of the fuel break boundary and
residual tree patches were constructed by tracing the outer edges
of the canopy and converting these to shapefiles. The geographic
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configuration of the fuel break and the remaining residuals have
not changed substantially since the construction of the fuel break
although tree fall has occurred. The percent area thinned within
150 m of each point was estimated visually in the field in 2014. We
recorded only coarse vegetation variables to which boreal bird
species communities are expected to respond (Bayne et al. 2010).

Data analysis
Detection probabilities
We used the QPAD method (Sólymos et al. 2013) to account for
varying detection probabilities of birds recorded in our study and
to convert abundance data to densities (i.e., birds per point count).
Additional details on the QPAD approach can be found in Sólymos
et al. (2013). In short, this method combines count removal
(Farnsworth et al. 2002) and distance sampling (Buckland et al.
2001) approaches to estimate availability (p) and perceptibility (q).
Thus, an expected count of a given species can be expressed as: E
(C) = Npq, where N is the true species abundance. Conditional
maximum likelihood parameter estimates (p, q) in QPAD are
derived from a boreal-wide database of bird count data, which can
be applied as offsets in analyses of other datasets. This method
incorporates temporal and habitat covariates (e.g., date, time,
landcover) from each point-count occurrence to account for
detection error. Unlimited distance point-count data, as in our
study, are accounted for in QPAD using the effective detection
radius (EDR), which is defined as the distance at which as many
of the birds are detected beyond the EDR as remain undetected
within it (Buckland et al. 2001, Matsuoka et al. 2012, Sólymos et
al. 2013).  

We included: day of year, time since sunrise, land-cover class (e.g.,
hardwood, mixedwood, open), percent forest based on survey data
and aerial photo queries, point-count duration, and point-count
radius (unlimited distance) as covariates in the detection model
and incorporated these estimates as offsets in the regression models
(Sólymos et al. 2013) and to adjust counts for the multivariate
analysis. Further, to reduce variability in detectability, we limited
our surveys to the peak of the breeding season, surveyed only until
five hours past sunrise when birds are most active defending
territories, had only three experienced observers analyze
recordings, and surveyed in favorable conditions (e.g., no rain, little
or no wind). The QPAD detection probability models were
implemented with the “detect” package (Sólymos et al. 2013) in
the R computing environment (v3.5.0; R Core Team 2018).

Bird community response
We used principal response curves (PRC) to assess overall bird
community change to creation of the fuel break relative to
predisturbance and reference sites. Principal response curves is a
multivariate constrained ordination technique similar to
redundancy analysis (RDA) and is especially useful for repeated
measures time-series data (van den Brink and ter Braak 1999). In
PRCs, response curves are produced for each treatment when
coefficients are plotted against each time step, which are considered
categorical variables. Curves represent divergence in community
composition of treatment (i.e., fuel break) sites relative to reference
sites and are expressed as canonical coefficients that are derived
from weighted multiple regression of sample scores (ter Braak and
Smilauer 2002). Weights are calculated for individual species
representing their response to treatments with the highest or lowest

weights indicating a stronger response to a particular treatment.
Species with weights near zero show minimal response to the
treatments or a response not definable from the PRC. Significance
of the response curves were tested by 9999 permutations of the
results against a randomized set of the data. We included species
with lower total abundance (n ≥ 25) than those analyzed in the
GLMM to provide a depiction of the responses of the overall
bird community (n = 25 species) to creation of the fuel break. We
did not include data from the additional 14 reference sites that
were surveyed beginning in 2006 because PRC cannot handle
missing data. Principal response curves analysis was completed
using the “vegan” package (Oksanen et al. 2018) in the R
computing environment (R Core Team 2018).

Individual species responses
We used GLMM to assess responses of 21 individual bird species
with ≥ 40 detections in fuel break and reference sites over the 18-
year period. These species included interior forest specialist (n =
6), forest generalist (n = 8), shrub (n = 4), and open (n = 3) habitat
species (Hobson and Schieck 1999, Hobson and Bayne 2000a).
Models were initially fit using Poisson, zero-inflated Poisson,
negative binomial, and zero-inflated negative binomial responses
of species at each station to several fixed effects and their
combinations: (1) year, (2) a factor representing treatment (fuel
break (1) vs. reference (0); Treatment), and (3) percent thinning
at each station (Thin; Table 1) with treatment included in all
models. Outbreaks of spruce budworm (Choristoneura
fumiferana) occurred in or near our research site during our study
and several bird species have well-documented numerical
responses to these outbreaks or to resulting habitat changes
(Venier and Holmes 2010). Therefore, we also included models
with a fixed effect representing spruce budworm outbreak severity
(low or none (0) vs. moderate or high (1)) in our candidate set to
account for potential responses to budworm occurrence in five of
the sampling years. Additional additive effects of singular variable
terms with an interaction term of year with treatment were also
included. We initially included several models with second-order
polynomial year terms or a log-year term and/or its interaction
with treatment; however, they did not have substantial support
and were therefore removed from the model set. Individual point-
count stations were modeled as random effects to account for
auto-correlated data at the replicate level. A null model (intercept
only) was included in the candidate set for a total of 13 models
considered for individual species responses (Table 1).  

We used Akaike’s Information Criterion adjusted for small
sample sizes (AICc) to determine which distribution (e.g.,
Poisson, zero-inflated Poisson) best fit our data and selected the
distribution with the lowest AICc (Warton 2005). Recent research
has highlighted issues with estimating model averaged coefficients
from regression models with covarying parameters using AIC
(Cade 2015) potentially leading to spurious results. Therefore, we
selected the most parsimonious model (ΔAICc = 0) as the one
accounting for the most variance in the data. Finally, model fit
was evaluated by assessing normality of residual plots and
histograms. Mixed models were fit using the package
“glmmTMB” (Magnusson et al. 2017) and AICc was conducted
with the package “bblme” (Bolker and R Development Core Team
2017) in the R statistical computing environment v3.5.0 (R Core
Team 2018).
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Table 1. Candidate models used in general linear mixed-models to assess changes in bird density in a
community fuel break in Prince Albert National Park two years before cutting (2000, 2001) and 16 years after
cutting (2002-2017) relative to uncut reference sites. K is the number of parameters in the model.
 
Number Model† K

1 Density ~ Intercept 1
2 Density ~ Intercept + Treatment 2
3 Density ~ Intercept + Treatment + Year 3
4 Density ~ Intercept + Treatment + Thin 3
5 Density ~ Intercept + Treatment + Budworm 3
6 Density ~ Intercept + Treatment + Year + Thin 4
7 Density ~ Intercept + Treatment + Thin + Budworm 4
8 Density ~ Intercept + Treatment + Year + Budworm 4
9 Density ~ Intercept + Treatment + Year + Thin + Budworm 5
10 Density ~ Intercept + Treatment + Year + Treatment*Year 4
11 Density ~ Intercept + Treatment + Year + Thin + Treatment*Year 5
12 Density ~ Intercept + Treatment + Year + Budworm + Treatment*Year 5
13 Density ~ Intercept + Treatment + Year + Thin + Budworm + Treatment*Year 6
†Budworm: Presence of budworm (factor: none, low vs. moderate, high) overlapping point-count stations in a given year.
Thin: scaled percent forest thinned within 150 m of point Density station (scaled to 0 mean and 1SD).
Treatment: fuel break vs. reference.
Year: scaled to 1 (i.e., 2000, 2001 = 1, 2002 = 2, 2003 = 3).

RESULTS
Bird community response
The PRC contrasting the time series data of bird densities in the
fuel break relative to reference sites was significant (F1,177 = 6.39,
p < 0.01) indicating substantial changes in the bird community
over time. Overall, the community shifted toward open and shrub-
dwelling species dominating the fuel break (Fig. 2). The first two
ordination axes explained 41.7% and 14.5% of the variance of
the species-environment relationship, respectively. Canonical
coefficients of the bird community in the fuel break were most
similar in the two years precutting (coefficients = -0.13 and -0.05,
respectively; Fig. 2). As shown by the PRC, differences in
community composition were evident prior to cutting in the first
two years of the study; however, divergence in the bird community
apparently remained relatively stable following fuel break clearing
and divergence was highest in 2006 (canonical coefficient = -0.39)
and at the end of the study (2017; canonical coefficient = -0.38).
Overall, mean PRC scores for birds (see right y-axis of Fig. 2)
were for positive interior forest-dwelling species (mean = 0.58
± 0.44 SD; i.e., negative response to fuel break), near 0 for forest
generalists (mean = -0.01 ± 0.49; neutral response), and negative
for open and shrub-dwelling (mean = -0.48 ± 0.49; positive
response) species (Table 2). Mature forest species (e.g., Bay-
breasted Warbler Setophaga castanea, Ovenbird Seiurus
aurocapilla) had the highest PRC scores (i.e., negative response)
and open and shrub-habitat species (e.g., White-throated Sparrow
Zonotrichia albicollis) had the lowest PRC scores (i.e., positive
response).

Individual species responses
Several models fit with a negative binomial distribution had issues
with convergence and otherwise models fit with a Poisson
distribution outcompeted zero-inflated Poisson models for all
species based on ∆AICc (normal Poisson models had lower
AICc). Therefore, we used the Poisson family for all GLMMs.
The null model was the top model (∆AICc = 0) only for Blue-

Fig. 2. First axis of the principal response curve (PRC) showing
changes in community composition of 25 bird species at point-
counts in response to fuel break construction (n = 14) relative to
reference sites (n = 3) in Prince Albert National Park,
Saskatchewan, two years (2000, 2001) prior to cutting and 16
years after cutting (2002-2017). The dashed red line represents
change in community composition of treatment sites (i.e., fuel
break) relative to reference sites and are expressed as canonical
coefficients, which are derived from weighted multiple regression
of sample scores. The affinity of each species (tick marks) to the
reference and fuel break treatments is represented as weights and
is shown on the right side of the figure. The vertical dashed line
represents the date of fuel break creation. Species codes,
common and scientific names, and individual species’ PRC
scores are shown in Table 2.
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Table 2. Individual species scores (canonical coefficient) from the principal response curve (PRC) analysis of point-count surveys in
fuel break (n = 14) and reference sites (n = 3) in Prince Albert National Park, Saskatchewan, two years (2000, 2001) prior to cutting
and 16 years after cutting (2002-2017). Higher scores indicate affinity to uncut reference sites and lower (i.e., negative) scores indicate
preference for fuel break sites. Species codes are used in Fig. 2.
 
Code Common Name Scientific Name Habitat Canonical Coefficient

ALFL Alder Flycatcher Empidonax alnorum Shrub -0.308
AMCR American Crow Corvus brachyrhynchos Open -0.447
AMRO American Robin Turdus migratorius Open -0.441
BBWA Bay-breasted Warbler Setophaga castanea Forest interior 1.295
BHVI Blue-headed Vireo Vireo solitaries Forest generalist 0.046
BLBW Blackburnian Warbler Setophaga fusca Forest interior 0.413
BRCR Brown Creeper Certhia Americana Forest interior -0.040
CHSP Chipping Sparrow Spizella passerine Forest generalist -0.215
CMWA Cape May Warbler Setophaga tigrinum Forest interior 0.429
CONW Connecticut Warbler Oporornis agilis Forest generalist -0.223
CORA Common Raven Corvus corax Open -0.174
EVGR Evening Grosbeak Coccothraustes vespertinus Forest generalist 0.354
HOWR House Wren Troglodytes aedon Open -0.161
LISP Lincoln’s Sparrow Melospiza lincolnii Shrub -0.309
MAWA Magnolia Warbler Setophaga magnolia Shrub -0.298
MOWA Mourning Warbler Geothlypis philadelphia Shrub -0.418
OVEN Ovenbird Seiurus aurocapilla Forest interior 0.750
PISI Pine Siskin Spinus pinus Forest generalist -0.057
RBNU Red-breasted Nuthatch Sitta canadensis Forest generalist 0.417
RCKI Ruby-crowned Kinglet Regulus calendula Forest generalist 0.443
REVI Red-eyed Vireo Vireo olivaceus Forest generalist -1.098
SWTH Swainson’s Thrush Catharus ustulatus Forest interior 0.601
TEWA Tennessee Warbler Oreothlypis peregrina Forest generalist -0.301
WTSP White-throated Sparrow Zonotrichia albicollis Open -1.751
YRWA Yellow-rumped Warbler Setophaga coronate Forest generalist 0.556

headed Vireo (Vireo solitarius) indicating a lack of support for
the selected independent variables.  

Based on the most parsimonious models from our GLMM
analysis (selected using ∆AICc) of individual species, 6 of 21
species had decreasing trends over the study period with many
forest specialists and forest generalists declining (Table 3; Fig. 3).
Species with the greatest declines generally require mature interior
forested habitats for breeding (e.g., Bay-breasted Warbler; Fig. 3).
However, most species that declined in the fuel break had
comparable declines in reference sites. Similarly, several forest
generalist species (Yellow-rumped Warbler Setophaga coronata)
also declined following fuel break construction (Fig. 4). Six of
the remaining species, which were typically associated with open-
shrub and open-forest habitats increased following fuel break
construction including Lincoln’s Sparrow (Melospiza lincolnii)
and Magnolia Warbler (Setophaga magnolia; Fig. 5). Many of
these species were essentially absent before creation of the fuel
break. Several of these species also increased in reference sites
potentially indicating broader-scale effects of the fuel break on
adjacent forests (i.e., where reference sites were situated).

DISCUSSION
The use of vegetation breaks as a tool for managing fuel loads to
reduce potential wildfire intensity and severity near settlements
is relatively new and uncommon in the boreal forest. Construction
and ongoing management (e.g., clearing, prescribed fire) of the
fuel break in Prince Albert National Park created a parkland-like

environment through removal of the majority (~95%) of
coniferous trees and selective removal of deciduous trees.
Conversion from mature conifer and mixedwood forest was
paralleled by abrupt declines in bird communities and species
associated with these habitats (e.g., Bay-breasted Warbler, Cape
May Warbler). In contrast, fuel break construction and
maintenance resulted in increases in open- and shrub-dwelling
species (e.g., White-throated Sparrow, Lincoln’s Sparrow) and
some open forest-dwelling species (e.g., Connecticut Warbler
Oporornis agilis), many of which are more common across various
successional stages. Fuel breaks may be a useful management tool
for protecting human habitations in the boreal forest; however,
they represent an unnatural habitat type for boreal specialist birds.
Thus, creation and management of fuel breaks inside national
parks may not align with the goal of biodiversity conservation in
protected areas particularly when attempting to conserve forest
specialist species.  

A paucity of fuel break studies in the boreal forest limits
comparisons with other research to similar studies in other
forested biomes and to analogous human disturbances in the
boreal forest (e.g., forestry). In general, our results agree with fuel
break studies in the western and southern United States in which
large declines in mature forest nesting bird species and increases
in abundance of edge and open-habitat species were observed
following fuel break construction (Hurteau et al. 2008, Burnett
et al. 2012). Our study site most closely resembled physical
attributes of recent (e.g., 1-5 yr postharvest) clear-cuts in which
removal of the majority of trees has created an open shrub- or
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Table 3. Coefficients, standard errors (± 1 SE), Z and p-values for parameters from the most parsimonious
model selected using ∆AICc (i.e., ∆AICc = 0) from generalized linear mixed effects model (GLMM) analysis
assessing changes in density for 21 bird species 2 years prior to (2000, 2001) and 16 years (2002-2017) after
creation of a fuel break in Prince Albert National Park, Saskatchewan (see Methods). Scientific names are
listed in Table 2.
 

Fixed effects

Species Variable β SE LCI UCI Z P

Alder Flycatcher Intercept -7.06 0.81 -8.23 -5.89 - -
Treatment -0.90 1.50 -3.06 1.26 -0.60 0.55
Year 0.13 0.03 0.085 0.18 3.88 <0.001
Thin 4.85 2.03 1.93 7.77 2.39 0.02

American Robin Intercept -1.99 0.28 -2.39 -1.59 - -
Treatment 0.96 0.34 0.47 1.45 2.80 0.01
Year -0.02 0.02 -0.04 0.01 -1.01 0.31
Thin -0.43 0.33 -0.91 0.04 -1.31 0.19

Bay-breasted Warbler Intercept -0.75 0.54 -1.52 0.03 - -
Treatment*Year -0.18 0.06 -0.27 -0.10 -3.13 0.002
Treatment 1.60 0.59 0.75 2.46 2.69 0.007
Year -0.005 0.04 -0.06 0.05 -0.14 0.89
Thin -1.49 0.40 -2.07 -0.91 -3.70 <0.001
Budworm 0.49 0.34 0.003 0.98 1.45 0.15

Blackburnian Warbler Intercept -2.14 0.45 -3.02 -1.26 - -
Treatment 0.85 0.63 -0.39 2.08 1.34 0.18
Thin -1.62 0.57 -2.74 -0.50 -2.84 0.005

Blue-headed Vireo Intercept -2.21 0.19 -2.48 -1.93 - -
Treatment 0.17 0.26 -0.20 0.54 0.66 0.51

Brown Creeper Intercept -0.66 0.13 -0.85 -0.48 - -
Treatment 0.49 0.16 0.26 0.73 3.02 0.003

Chipping Sparrow Intercept -1.15 0.15 -1.37 -0.94 - -
Treatment 0.36 0.18 0.10 0.62 1.98 0.05
Budworm 0.50 0.15 0.28 0.72 0.001 0.04

Cape May Warbler Intercept -0.03 0.58 -0.87 0.80 - -
Treatment 0.04 0.39 -0.53 0.60 0.09 0.93
Year -0.11 0.05 -0.19 -0.04 -2.19 0.03
Thin -1.51 0.41 -2.11 -0.92 -3.67 <0.001
Budworm 1.18 0.48 0.48 1.87 2.44 0.01

Connecticut Warbler Intercept -4.07 0.45 -4.72 -3.43 - -
Treatment 0.88 0.32 0.42 1.34 2.74 0.01
Year 0.13 0.03 0.09 0.17 4.48 <0.001
Budworm -0.89 0.65 -1.83 0.05 -1.36 0.17

House Wren Intercept -0.40 1.21 -2.14 1.33 - -
Treatment*Year 0.31 0.18 0.05 0.56 1.74 0.08
Treatment -3.12 1.21 -4.86 -1.38 -2.58 0.01
Year -0.50 0.18 -0.76 -0.25 -2.87 0.004
Thin 4.42 1.41 2.40 6.44 3.15 0.002
Budworm -1.83 0.56 -2.64 -1.03 -3.28 0.001

Lincoln’s Sparow Intercept -5.41 0.77 -6.52 -4.29 - -
Treatment -0.91 1.04 -2.41 0.58 -0.88 0.38
Year 0.06 0.03 0.01 0.11 1.86 0.06
Thin 4.36 1.44 2.28 6.44 3.02 0.003
Budworm -1.92 1.04 -3.42 -0.43 -1.86 0.06

Magnolia Warbler Intercept -2.30 0.53 - -
Treatment*Year 0.20 0.05 0.12 0.27 3.87 <0.001
Treatment -1.66 0.72 -2.70 -0.62 -2.30 0.02
Year 0.03 0.04 -0.03 0.08 0.68 0.50

Mourning Warbler Intercept -2.99 0.40 -3.57 -2.41 - -
Treatment 0.50 0.35 -0.01 1.00 1.40 0.16
Year 0.07 0.03 0.03 0.11 2.62 0.01
Budworm -0.76 0.48 -1.45 -0.06 -1.57 0.12

Ovenbird Intercept -0.03 0.14 -0.23 0.17 - -
Treatment -0.10 0.23 -0.44 0.24 -0.43 0.67
Thin -1.72 0.21 -2.03 -1.42 -8.12 <0.001

Red-breasted Nuthatch Intercept -0.36 0.28 -0.76 0.04 - -
Treatment -0.21 0.30 -0.64 0.23 -0.68 0.49
Year -0.16 0.03 -0.20 -0.12 -5.51 <0.001
Thin -0.89 0.38 -1.43 -0.35 -2.37 0.02

Red-eyed Vireo Intercept -2.07 0.33 -2.43 -1.50 - -
Treatment*Year -0.06 0.03 -0.10 -0.01 -2.13 0.03
Treatment 0.86 0.38 0.05 0.13 2.28 0.02
Year 0.09 0.03 0.66 1.76 3.74 <0.001
Budworm 0.24 0.22 -1.02 -0.20 1.10 0.27

(con'd)
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Ruby-crowned Kinglet Intercept -2.29 0.36 -2.80 -1.78 - -
Treatment 0.56 0.54 -0.21 1.33 1.04 0.30
Thin -1.47 0.47 -2.14 -0.80 -3.15 0.002

Swainson’s Thrush Intercept -1.17 0.34 -1.66 -0.67 - -
Treatment*Year -0.13 0.06 -0.22 -0.04 -2.12 0.03
Treatment -0.01 0.03 -0.05 0.03 -0.50 0.62
Year 0.359 0.43 -0.26 0.98 0.83 0.40
Thin -1.91 0.48 -2.60 -1.21 -3.96 <0.001

Tennessee Warbler Intercept 1.18 0.10 1.04 1.32 - -
Treatment -0.06 0.12 -0.23 0.11 -0.53 0.60
Year -0.03 0.01 -0.05 -0.02 -4.01 <0.001
Thin -0.78 0.14 -0.98 -0.57 -5.46 <0.001

White-throated Sparrow Intercept -1.23 0.17 -1.47 -0.99 - -
Treatment -0.65 0.31 -1.09 -0.21 -2.11 0.03
Year 0.03 0.01 0.02 0.05 3.14 0.002
Thin 1.69 0.38 1.15 2.24 4.49 <0.001
Budworm -0.56 0.19 -0.83 -0.28 -2.92 0.003

Yellow-rumped Warbler Intercept 0.62 0.28 0.21 1.02 - -
Treatment*Year 0.08 0.03 0.03 0.13 2.48 0.01
Treatment -0.39 0.34 -0.87 0.10 -1.15 0.25
Year -0.11 0.03 -0.15 -0.07 -4.26 <0.001
Thin -0.83 0.28 -1.23 -0.43 -2.99 0.003

Fig. 3. Responses of forest interior bird species to the creation
of a community fuel break in Prince Albert National Park,
Saskatchewan. Point-count surveys were conducted two years
before (2000, 2001) and 16 years after (2002-2017) creation of
the fuel break (n = 14 sites) and in undisturbed reference sites
(n = 3). Additional reference sites (n = 14) from a local bird
monitoring project that began in 2006 were also included. Error
bands represent 85% confidence intervals. The vertical dashed
line represents the date the fuel break was constructed. Annual
mean abundance values for fuel break and reference sites are
shown as crosses and circles, respectively.

Fig. 4. Responses of forest generalist species to the creation of
a community fuel break in Prince Albert National Park,
Saskatchewan. Point-count surveys were conducted two years
before (2000, 2001) and 16 years after (2002-2017) cutting in
the fuel break (n = 14) and in undisturbed reference sites (n =
3). Additional reference sites from a local bird monitoring
project that began in 2006 were also included as reference sites
(n = 14). Error bands represent 85% confidence intervals. The
vertical dashed line represents the approximate date the fuel
break was constructed. Annual mean abundance values for fuel
break and reference sites are shown as crosses and circles,
respectively.
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Fig. 5. Responses of open and shrub-dwelling species to the
creation of a community fuel break in Prince Albert National
Park, Saskatchewan. Point-count surveys were conducted two
years before (2000, 2001) and 16 years after (2002-2017) cutting
in the fuel break (n = 14) and in undisturbed reference sites (n
= 3). Additional reference sites from a local bird monitoring
project that began in 2006 were also included as reference sites
(n = 14). Error bands represent 85% confidence intervals. The
vertical dashed line represents the approximate date the fuel
break was constructed. Annual mean abundance values for fuel
break and reference sites are shown as crosses and circles,
respectively.

grass-dominated habitat. Similar to our results, shrub-nesting and
open habitat bird species typically increase following clear-cut
forestry as understory shrubs and saplings dominate the
vegetation community (Hobson and Schieck 1999, Harrison et
al. 2005, Kardynal et al. 2011). We reason that bird community
composition in regenerating fuel breaks and clear-cuts would have
divergent trajectories through time due to differences in
vegetation succession but this requires additional research
(Hobson and Schieck 1999).  

Although the fuel break generally had overall high (~60-90%)
amounts of clearing, our study site encompassed a relatively wide
range of forest thinning and other research has indicated some
forest-dependent species may persist in landscapes with even low
amounts of tree retention (Tittler et al. 2001, Van Wilgenburg
and Hobson 2008). Although speculative, maximizing the number
of trees or residual patches in fuel breaks may benefit some species
sensitive to forest removal and thinning. Different approaches to
fuel break design (e.g., feathered thinning) and management may

also reduce the impact to species most sensitive to clearing.
Retaining residual trees or patches, particularly highly flammable
coniferous trees, clearly requires balancing habitat maintenance
with the goals of reducing fuel loads in vegetation breaks.
However, directed experimental research is required to address
these questions  

Trends of most species, including forest interior specialists, were
generally similar in both fuel break and reference sites. There is a
possibility that these trends were the result of regional population
trends in 2002 that lasted throughout the duration of our study.
However, it is more likely that there were broader-scale impacts
on bird density beyond the fuel break area. The presence and
structure of forest edges (e.g., higher shrub density) likely
influenced bird density in both fuel break and reference sites.
Reference sites associated with our study were positioned closer
(typically < 200 m) to the fuel break than we initially anticipated
given original fuel break boundaries, which likely influenced our
observed trends. Although having more reference sites and
positioning them farther away from the fuel break was preferred,
incorporating year and thinning variables into our models was
valuable in describing responses to cutting of the fuel break.
Future studies of bird community change in fuel breaks should
consider potential impacts of clearing and maintenance beyond
the fuel break boundary.  

Several factors make interpretation of results from this study
challenging. For instance, having two years of precut data in
contrast to many more years postcutting, the small sample size,
particularly of reference sites, and changes in detectability before
and after harvest (i.e., habitat change) may increase variance in
the dataset. Further, our study occurred in a small area in the
boreal forest and a lack of replicates (i.e., fuel breaks) may cause
issues with spatial and temporal autocorrelation (e.g., annual
abundance) and vulnerability to localized stochastic events (e.g.,
weather). Such effects could mask or exacerbate the results
observed in our study potentially limiting our ability to make
inferences from this dataset. To minimize the impacts of these
factors, we included data from a local bird monitoring program
to increase the number of reference sites and accounted for
differences in detectability by using QPAD estimates that
incorporated habitat (e.g., open vs. forest) and spatial and
temporal effects to reduce variance (Sólymos et al. 2013). Further,
a lack of fuel breaks elsewhere in the boreal forest precluded
investigation of these effects across replicate study areas.
Importantly, future studies on fuel breaks should ensure that
sufficient uncut reference sites are included for robust
comparisons with fuel breaks. However, the abrupt change in
forest cover with fuel break construction resulted in immediate
and generally expected responses for many species in this study.  

Our results nonetheless have several important implications for
employing fuel breaks as a management method in boreal forest
and protected area landscapes. National parks play an important
role in maintaining habitat for many species that may undergo
declines due to agricultural or forest management practices that
remove old-growth or late seral habitats in managed landscapes.
Further, the small area of land designated as protected areas free
from direct human disturbance or management in the Boreal
Plains Ecozone (Hobson et al. 2002a) illustrates the need for
effective management of the remaining forest in a natural state.
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Indeed, a core concern for national parks in Canada and elsewhere
is to maintain representative regions of natural biodiversity and
the maintenance of unnatural forest stages in the midst of
contiguous forest may undermine that objective, especially if
other species are able to inhabit these islands (Schmiegelow and
Mönkkönen 2002, Parks Canada Agency 2008). A trend toward
increasing recreational and commercial usage in and adjacent to
national parks will potentially result in an increased requirement
to protect human infrastructure. For example, Parks Canada has
commenced expansion of the Waskesiu fuel break and creation
of a new fuel break to reduce the potential for catastrophic fire
damage to commercial properties outside Prince Albert National
Park (~395 ha total new fuel break area; https://www.pc.gc.ca/en/
pn-np/sk/princealbert/visit/pare-feu_amenage-fuel_break), which
may be unprecedented in Canada and contradict Parks Canada’s
mandate of protecting Canada’s natural heritage. Reducing the
overall size and increasing tree retention within fuel breaks,
possibly as islands or patches (Hobson and Schieck 1999) would
likely provide an overall benefit for most forest-associated species
and should be considered wherever such management would not
interfere with the objective of reducing fuel loads.

Responses to this article can be read online at: 
http://www.ace-eco.org/issues/responses.php/1407
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