
Article

Avian Response to Wildfire Severity in a Northern
Boreal Region

Michelle Knaggs 1,*, Samuel Haché 2 , Scott E. Nielsen 1 , Rhiannon F. Pankratz 2

and Erin Bayne 3

1 Department of Renewable Resources, General Services Building, University of Alberta,
Edmonton, AB T6G 2H1, Canada; scottn@ualberta.ca

2 Environment and Climate Change Canada, 5019 52nd Street, Yellowknife, NT X1A 2P7, Canada;
samuel.hache@canada.ca (S.H.); rhiannon.pankratz@canada.ca (R.F.P.)

3 Department of Biological Sciences, University of Alberta, Edmonton, AB T6G 2E9, Canada;
bayne@ualberta.ca

* Correspondence: knaggs@ualberta.ca

Received: 5 November 2020; Accepted: 10 December 2020; Published: 14 December 2020 ����������
�������

Abstract: Research Highlights: The effects of fire on birds in the most northern parts of the boreal
forest are understudied. We found distinct differences in bird communities with increasing fire
severity in two vegetation types with naturally different burn severity. The highest severity burns
tended to have communities dominated by generalist species, regardless of the original vegetation
type. Background and Objectives: Wildfire is the primary natural disturbance in the boreal ecosystems
of northwestern Canada. Increased wildfire frequency, extent, and severity are expected with climate
change in this region. In particular, the proportion of burns that are high severity and the area of
peatlands burned are increasing, and how this influences birds is poorly understood. Materials and
Methods: We quantified the effects of burn severity (low, moderate, and high severity) in uplands
and peatlands on occupancy, density, richness, community composition, and functional diversity
using point counts (n = 1158) from the first two years post-fire for two large fires in the Northwest
Territories, Canada. Results: Burn severity had a significant effect on the occupancy and density
of 86% of our focal species (n = 20). Responses to burn severity depended on vegetation type for
four of the 18 species using occupancy and seven of the 18 using density, but were typically in a
similar direction. Species richness and functional diversity were lower in areas of high severity burns
than unburned areas and low severity burns in peatlands. Richness was not related to severity in
uplands, but functional diversity was. Peatlands had higher species richness than uplands in all burn
severities, but as burn severity increased the upland and peatland communities became more similar.
Conclusions: Our results suggest that high severity burns in both vegetation types support five
generalist species and two fire specialists that may benefit from alterations in vegetation structure as a
result of climate induced changes to fire regimes. However, eight species avoided burns, particularly
birds preferring peatlands, and are likely to be more susceptible to fire-driven changes to their habitat
caused by climate change. Understanding the long-term risks to these species from climate change
requires additional efforts that link fire to bird populations.

Keywords: autonomous recording unit; burn severity; community composition; forest bird; functional
diversity; resistance; occupancy; species richness

1. Introduction

The boreal forest of North America includes the ranges of half of all bird species in North
America [1] and provides breeding habitat for several billion songbirds [2,3]. While some generalist
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species found in the boreal have increased in abundance over the last 50 years, many forest birds are
showing evidence of long-term declines [3,4]. However, there are important gaps in our understanding
of the distribution, abundance, habitat associations, threats, and trends for birds in the boreal,
particularly those breeding in the far north [2,5]. Given northern boreal ecosystems have different
climatic, disturbance, and successional trajectories than southern boreal ecosystems where trend data
are typically collected, there is considerable uncertainty about changes in northern birds to date and
how they will respond to changes in disturbance dynamics linked to climate change.

Wildfire is the dominant natural disturbance in the western boreal forest [6]. In the northern boreal
Taiga Plains ecozone (Figure 1), the fire regime is characterized by large, frequent, and high intensity
wildfires [7]. In extreme fire years, wildfires result in high severity burns, where most trees are killed
and most or all understory vegetation is consumed [8]. However, even in severe fires approximately
15% of the vegetation within fire boundaries remains unburned [9] due to the presence of water [10],
topographic variation, or changes in weather conditions during the fire [11]. Patches of forest with
low burn severity, where a small proportion of trees, understory vegetation, and groundcover are
killed, are common within large areas of otherwise high severity burns [12]. The variation in burn
severity, as well as frequency of wildfire and area burned, creates spatio-temporal heterogeneity in
forest structure and composition [13,14] resulting in a broad range of habitats for birds.
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In the northwest boreal of Canada, peatlands, i.e., wetlands with a thick (>40 cm) layer of
organic matter [15], make up almost half of the land base [16]. Peatlands such as fens, particularly
those with high water tables [17] and groundwater connectivity, are assumed to be more resistant to
wildfire than other forested areas [18] and thus should burn at a lower severity in a typical year [19].
However, peatlands contain trees, shrubs, and a thick layer of organic matter that may be highly
flammable under extremely dry conditions [20]. Uncertainty in how intensely peatlands burn makes
understanding how fire influences birds in this vegetation type uncertain. In contrast, uplands,
particularly pine stands, rely on fire for regeneration [21]. Thus, the bird species that use uplands,
may be better adapted to frequent, high severity wildfire than species that use peatlands.

Species diversity of birds tends to decrease the further north one goes [22]. Higher avian diversity
in the southern versus northern boreal may be partially attributed to a wider range of forest ages, caused
by a longer fire return interval and greater variation in forest flammability due to greater variation in
soils, hydrology, and trees species further south all of which influence fire patterns and successional
trajectories [23]. In northern boreal regions, succession is relatively simple because the dominant tree
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and shrub species present before wildfire often regenerate post-fire to the same vegetation type without
intermediate successional stages (i.e., mixed-wood forests are less common further north) [24].

Past work has investigated how boreal birds respond to wildfire in southern boreal regions,
primarily in upland mixed-woods [25–29]. In these regions, bird communities differ significantly
between unburned and burned forests. However, few studies in the boreal forest have addressed
whether bird communities vary as a function of burn severity [30]. In other forested areas of North
America, aerial insectivores and cavity nesters tend to respond positively to higher burn severities
because of a more open canopy for foraging [31], with some species almost completely restricted to
severely burned forests [32]. Species associated with early seral forest (e.g., <20 years old), including
some ground nesters, tend to respond positively to high severity fires, but only for a few years after the
burn [33]. Mature forest specialists generally respond negatively or completely avoid high severity fires
for many years as the complex forest structure (i.e., heterogeneity in canopy, sapling, shrub, and ground
vegetation cover) is lost [34]. However, species associated with mature forests can occur in lower
severity fires immediately post-fire if some structural complexity is maintained. These relationships
reflect the wide range of species-specific requirements in terms of habitat structure to maximize survival
and reproduction, e.g., food availability, nesting substrate, concealment from nest predators, etc.—the
“niche gestalt hypothesis” [35]. Whether such changes will be observed in more northern ecosystems,
that historically have large, frequent, and intense wildfires and simpler forest succession are unknown
(“resistance hypothesis”). Some evidence from the eastern boreal and western United States suggests
that bird communities in regions with higher disturbance frequencies are more resistant (i.e., show less
change) to disturbance than regions with less frequent disturbance [36,37]. Higher resistance to natural
disturbances would suggest that northern boreal birds may be better equipped to deal with altered
fire regimes caused by climate change and maintain their key ecological functions then their southern
boreal counterparts.

Given that wildfires have been historically prominent across the northern boreal region and
this disturbance regime is changing in response to climate, we aimed to quantify how wildfires
shape bird communities at the northern edge of the boreal forest in the Northwest Territories (NWT),
Canada (Figure 1). Specifically, we tested for effects of burn severity (unburned, low, moderate,
and high), vegetation type (peatland and upland), and their interaction on the occupancy and density
of 20 bird species and community metrics for 42 species (species richness, community composition,
and functional diversity) using avian point count data collected during the first two years following
large wildfires in the Taiga Plains ecoregion. Based on the niche gestalt hypothesis, we predicted that
there would be greater changes in all metrics with increasing burn severity as stand structure became
more homogeneous. We also predicted, based on the resistance hypothesis, that the bird community in
peatlands would experience a larger negative effect of burn severity than uplands because wildfires
have historically been more frequent, large, and severe in uplands.

2. Materials and Methods

2.1. Study Area

The study took place between Fort Providence and Behchokǫ̀, in the Taiga Plains ecozone of the
Northwest Territories, Canada (Figure 1). These communities are within the unceded territory of the
Dehcho First Nation and the Tłı̨chǫ Mǫwhi Gogha Dè Nı̨ı̨tèè (boundary from the Tłı̨chǫ Agreement
negotiated by the Dogrib Treaty 11 Council), respectively. The study area intersected two large burns
(750,000 ha and 110,000 ha). These wildfires occurred in June and July 2014 during a record fire year,
where 3,400,000 ha of the Northwest Territories burned [38]. This contrasts with an annual average
area burned of 600,000 ha (1975–2014; [39]). The Taiga Plains ecozone is comprised of approximately
50% upland, 40% wetland (mainly peatland), and 10% open water [39]. From 1981–2010, the region
surrounding the study area averaged between 289–387 mm of yearly precipitation (mean annual
precipitation) and daily temperatures of −2.5 and −4.3 ◦C (mean annual temperature; [40]). With the
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exception of some shallow, inorganic mineral ponds, wetlands were primarily peatlands consisting of
treed fens and bogs dominated by black spruce (Picea mariana (Mill.) B.S.P.; [16]) and dense shrub cover
(e.g., Salix spp., Alnus spp.). All wetlands will hereafter be referred to as peatlands. Upland forests
were dominated by jack pine (Pinus banksiana Lamb.) and some trembling aspen (Populus trembloides),
with a generally closed canopy and sparse understory [16]. The Taiga Plains ecozone in the Northwest
Territories is relatively unaltered by anthropogenic activities [16]. The study area had limited human
disturbance with one highway, a few secondary roads, and limited non-commercial logging in some
upland stands.

2.2. Sampling Design and Avian Surveys

A total of 1158 unlimited distance point count surveys were conducted between 25 May and 1 July
in 2015 and 2016 using autonomous recording units (ARUs; Wildlife Acoustic SM3 model in 2015 and
SM4 model in 2016). Point count stations (n = 405) were grouped into 16 study sites with sampling
stations in a 5 × 5 grid in 2015, and 20 sites with stations in 4 × 4 grids in 2016. Using a stratified random
sampling design to place the grids, we surveyed 89 low severity (n = 80/56; 2015/2016), 75 moderate
severity (n = 63/57), 114 high severity burn (n = 103/76), and 127 unburned (control; 91/53) stations,
for a total of 579 unique stations surveyed over the two years. A total of 174 stations were surveyed
in both years. A number of control stations (n = 142) either burned between sampling years or were
found to have recently burned once sampling in the field occurred and were therefore not included in
the analyses. For logistical reasons, stations were located within 2.5 km of roads, but at least 300 m
from roads to minimize edge effects and interference of vehicle noise on recordings. Control sites
were located between 1 and 15 km from burn perimeters and had not experienced wildfire in the past
43 years. These sites were randomly selected among a pool of candidate sites within this 15 km buffer
and along the highway.

Burn severity was estimated using data from a continuous differenced normalized burn ratio
(dNBR) layer (cell size = 30 m; [41]). The dNBR was calculated and validated as changes in reflectivity
of Landsat imagery taken before and after the wildfires [41]. We used the average dNBR in a 100 m
buffer around each station to categorize burn severity as low, moderate, or high [42,43]. In low severity
burns, trees and some shrubs survived (dNBR < 279; [44,45]). Unburned areas within the fire perimeter
were also categorized as low severity. In moderate severity burns, some trees, shrubs, downed woody
material, and soil were consumed (dNBR = 279–525). High severity burns resulted in most trees being
killed, most shrubs consumed, and exposure of mineral soil (dNBR > 525; Figure 2). The Northwest
Territories Forest Inventory layer [46] was used to determine the dominant vegetation type in 100 m
buffers around each station (n = 272/133 upland/peatland).
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ARUs were deployed at each site for 3 to 4 consecutive days to increase the chances of capturing at
least two mornings of good weather, while maximizing the number of sampling stations that could be
surveyed given our limited number of ARUs. Two 3 min recordings, at dawn from two different days
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with minimal or no wind or rain, were interpreted by human observers [47]. Recordings were randomly
assigned to 4 observers. A species was considered present if a male vocalization was heard at least
once on a recording. Passerine, grouse, and woodpecker species that defend relatively small territories,
and are not gregarious or nomadic were considered for analysis. Some earlier studies comparing ARUs
to human observers found that fewer species were detected and that species’ detectable distances
were lower using ARUs [47–49]. However, the recording quality of ARUs has improved considerably,
resulting in similar species detections as traditional in-person surveys in our study area [50], and [51]
demonstrated that distance detection using ARUs is possible.

2.3. Statistical Analysis

We calculated occupancy and density for species detected at more than nine stations. We predicted
changes in species-specific occupancy using single-season occupancy models in the program Presence
2.12.37 [52]. Occupancy is an estimate of the probability that a species uses the area around an ARU at
least once over the length of the survey season that accounts for imperfect detection (i.e., situation
where a species uses a location, but was not observed when the observer collected the data).

As the number of individuals per station was higher than one for several species, we also estimated
species-specific densities using generalized linear mixed models (GLMM). We evaluated Poisson and
negative binomial error distributions to determine the best fit to the data using likelihood ratio-tests to
compare the fit of each distribution. Each ARU station was included as a random effect to account for
non-independence of our sampling units within and between years.

Our approach to computing density relied on the QPAD method [53,54]. In brief, QPAD creates
statistical offsets that converts unlimited distance point counts into densities based on known effective
detection radii (EDR) for individual species. Distance estimates are corrected for differences in EDR
based on how sound travels in different vegetation types. The method also accounts for differences
in singing rate based on day of year and time of day using a removal model that adjusts for the
probability the species was present, but not observed when the ARU was recording. Density modeling
was completed in Stata version 16.1.

The first step in our occupancy analysis was to identify the factors influencing detection error.
Surveys were conducted at the same time of day and, by design, were conducted only during
optimal survey conditions, so we only evaluated how day of the year (continuous) and year of survey
(categorical) influenced detection rate. Using Akaike’s information criteria (AIC) we selected the most
parsimonious model explaining detection error before modeling factors that influenced occupancy.
The QPAD offsets corrected for day of year so only year was included in the density models.

Accounting for the nuisance variables that influenced detection error in occupancy and through
QPAD offsets, we then generated 11 models that we compared using AIC. Our base model was a
constant occupancy rate or density adjusted for factors influencing detection rate. We then evaluated
how three definitions of burn influenced occupancy or density: (1) control, low, moderate, and high
treated as a categorical variable we labelled burn_category; (2) control, low, moderate, and high ranked
from 1 to 4 respectively and modelled as a continuous linear variable we labelled burn_rank; and (3)
control vs. burned (pooled low, moderate, and high) and modelled as a categorical variable that we
labelled burn_binary. Burn_category allowed for non-linear responses to burn intensity, burn_rank
hypothesized birds changed as a linear function of burn intensity, and burn_binary assumed all types
of burns regardless of severity influenced bird occupancy. Vegetation type was modelled as categorical
variable (upland coded as one and peatland coded as zero). Models that evaluated the fit of the burn
variable and the vegetation variable alone were compared to models with both burn and vegetation
variables, and models with burn × vegetation interactions. We present results from the model with
the lowest AIC. When two or more models had delta AIC within two, we presented the results from
the model with the fewest parameters. Occupancy and density estimates for each species in the eight
vegetation type/burn severity categories were then correlated to determine if similar quantitative
patterns were revealed by density and occupancy.
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Species richness was used to measure changes in number of species per sampling station as
opposed to other diversity metrics, such as Shannon and Simpson indices, because results were similar.
Three ways of measuring species richness were evaluated. We measured the number of species
observed during each point count survey (alpha-visits) and at each station over all visits (alpha-station).
Generalized linear models with Gaussian distribution were used to fit various diversity metrics.
Finally, we computed gamma richness within the eight vegetation type/burn severity categories.
As the number of surveys differed between the vegetation type/burn severity categories, we randomly
selected 70 surveys from each vegetation type/burn severity category. This was completed 1000 times
to compute an average gamma richness with a 95% confidence interval for each category. All richness
models were computed in Stata version 16.1.

Species richness and diversity are often used to measure how birds respond to fire. However,
metrics that also measure the abundance and diversity of traits (e.g., life history traits or guilds) in a
community may be a more effective way to understand changes in community structure and risks
to ecosystem function [55]. For example, forest bird species richness can be stable, while β-diversity,
guilds, and/or functional diversity at the same location have regularly been shown to change as a
function of human disturbance [56,57] and climate change [58]. Thus, using functional diversity
metrics provides a more comprehensive understanding of how bird communities change in response
to fire. Functional diversity was quantified using Rao’s quadratic entropy (hereafter “Rao’s Q”;
R package “FD” [59]). We used life history traits that describe species’ primary foraging and migration
strategies, as well as substrates used for foraging, breeding, and nesting from the Avian Life History
Information Database (http://www.on.ec.gc.ca/wildlife/wildspace/project.cfm; Appendix A). All traits
were categorical and transformed to continuous values by calculating the Gower distance. For all
community analyses, species detected at fewer than three stations were not included (after [60]),
and counts of individuals for each species were used as we could not estimate densities for all species
detected. The maximum count of individuals for each species from the multiple visits to a station each
year were used when calculating functional diversity.

Changes to community composition were tested using a partial canonical correspondence analysis
(pCCA; R package “vegan”, [61]). A pCCA determines the amount of variation in species abundance
data that is explained by environmental variables [61] and distributes stations in the most parsimonious
multivariate space to visually depict similarities and shifts in community composition. A permutation
test with 999 permutations was used to determine the significance of the variation explained by the burn
severity × vegetation type interaction after controlling for conditional variables (year and study site).
To partition the amount of variation that was explained by burn severity alone, vegetation type alone,
and their interaction, we also built models with: (1) severity as the main effect and vegetation type as
an additional conditional variable and (2) vegetation type as the main effect with burn severity as an
additional conditional variable (as per [62]). β-diversity was measured using a test for homogeneity of
multivariate dispersion, or the amount of variability in species composition among treatment types,
using a permutation test [61] in the R package “vegan”. Although conditional variables could not be
included, dispersion provides information about differences in β-diversity among treatment types
that the other methods could not calculate. Bray–Curtis dissimilarity was used for all community
composition analyses because it is suitable for analyzing count data with a high number of zeros [63].
Results from the pCCA were presented as an ordination with 67% confidence ellipses to show where
the majority of the stations of each treatment type were located in two-dimensional space.

3. Results

We detected a total of 59 species. Of the 42 species included in community analyses, five were detected
in burns only: black-backed woodpecker (Picoides arcticus), mountain bluebird (Sialia currucoides), savannah
sparrow (Passerculus sandwichensis), white-crowned sparrow (Zonotrichia leucophrys), and yellow-bellied
sapsucker (Sphyrapicus varius). Two species were detected in controls only: boreal chickadee
(Poecile hudsonicus) and ovenbird (Seiurus aurocapillus). No species were found exclusively in high

http://www.on.ec.gc.ca/wildlife/wildspace/project.cfm
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severity burns (Figure 3). Seven species were found in low and moderate, but not high severity
burns: blue-headed vireo (Vireo solitarius), common yellowthroat (Geothlypis trichas), ruby-crowned
kinglet (Regulus calendula), ruffed grouse (Bonasa umbellus), savannah sparrow (Passerculus sandwichensis),
yellow-bellied flycatcher (Empidonax flaviventris), and yellow warbler (Setophaga petechia).
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detected in each severity category.

For the 20 species with sufficient number of detections to estimate occupancy and density, we found
evidence of differences in occupancy related to burns versus controls for 18 species. We also found 18
species that showed some form of differences in density in response to fire, although they were not exactly
the same species. LeConte’s sparrow (Ammodramus leconteii) and palm warbler (Dendroica palmarum)
showed no strong evidence of a response to fire in occupancy models, while LeConte’s sparrow and
ruffed grouse showed no strong evidence of a response to fire in density models.

Alder flycatcher (Empidonax alnorum), common yellowthroat, orange-crowned warbler
(Vermivora celata), ruby-crowned kinglet, ruffed grouse, Swainson’s thrush (Catharus ustulatus),
swamp sparrow (Melospiza georgiana), and yellow-rumped warbler (Setophaga coronate) all responded
negatively to fire (Table 1). The common yellowthroat was not found in uplands. Occupancy rates
for five of these species were best predicted by the burn_binary variable suggesting that any degree
of burn negatively influenced occupancy. The orange-crowned warbler and swamp sparrow were
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better fit by burn_rank, suggesting a linear decrease with fire severity. Swainson’s thrush was best
fit by burn_category, with a 27% drop in occupancy from control to low burn severity followed by
occupancy decreasing between 5 to 10% between low, moderate, and high severity burned areas. All of
these species also showed a negative effect of fire on density. However, the best fitting density model
describing the response to fire often differed from occupancy models. The most common difference was
occupancy models often found that burn_binary was a better fit, while in density models, burn_rank
tended to be selected more (Table 1).

Table 1. Mean (±95% C.I.) occupancy probability (psi) and density (dens; males per hectare) estimates
for 20 species in peatland and upland forest with different burn severities (Control, Low, Moderate,
and High). Results are derived from the best fitting model, i.e., lowest Akaike’s information criteria
(AIC). Additionally, presented here are the: (1) correlation (r) between occupancy and density across
the 8 categories for each species and (2) number of stations where the species was detected at least once.
Species are grouped based on their response to fire severity from the occupancy models. Species in bold
italics show different qualitative patterns in their response to fire between occupancy and density. p is
the detection terms in the occupancy model. P or NB indicates whether a Poisson or negative binomial
model provided a better fit to generate density estimates. Veg. = vegetation.

Species #
Stations Best Model Vegetation

Type Control Low Moderate High

Species with lower occupancy rates in burned areas

Alder
Flycatcher 51 psi(vegtype +

burn_binary) p(.) Peatland 0.33
0.22–0.47

0.17
0.12–0.24

0.17
0.12–0.24

0.17
0.12–0.24

(r = 0.90) Upland 0.11
0.07–0.18

0.05
0.03–0.08

0.05
0.03–0.08

0.05
0.03–0.08

dens(vegtype ×
burn_rank + year)

− NB
Peatland 0.73

0.11–1.35
0.31

0.11–0.52
0.13

0.03–0.23
0.06

0–0.11

Upland 0.03
0.01–0.05

0.03
0.02–0.04

0.03
0.02–0.04

0.03
0.01–0.04

Common
Yellowthroat 10

psi(vegtype +
burn binary)

p(doy)
Peatland 0.18

0.0–0.41
0.02

0.0–0.05 0 0

(r = 0.98) Upland 0 0 0 0

dens(vegtype +
burn_rank) − NB Peatland 0.12

0.02–0.21
0.02

0–0.04 0 0

Upland 0 0 0 0

Orange-Crowned
Warbler 69 psi(vegtype +

burn_rank) p(doy) Peatland 0.62
0.42–0.78

0.42
0.28–0.58

0.25
0.16–0.38

0.14
0.07–0.24

(r = 0.98) Upland 0.34
0.22–0.48

0.19
0.13–0.28

0.10
0.06–0.16

0.05
0.02–0.09

dens(vegtype +
burn_rank + year)

− NB
Peatland 1.55

0.63–2.57
0.71

0.37–1.04
0.32

0.16–0.59
0.15

0.05–0.25

Upland 0.51
0.25–0.76

0.23
0.14–0.33

0.11
0.05–0.16

0.05
0.02–0.08

Ruby-Crowned
Kinglet 37 psi(burn_binary)

p(doy + year) Both veg. types 0.42
0.30–0.68

0.03
0.01–0.06

0.03
0.01–0.06

0.03
0.01–0.06

(r = 0.86) dens(vegtype +
burn_cat.) − NB Peatland 0.13

0.03–0.23
0.01

0–0.02
0.01

0–0.02 0

Upland 0.42
0.15–0.70

0.01
0–0.03

0.02
0–0.04 0

Ruffed Grouse 31 psi(burn_binary)
p(year) Both veg. types 0.48

0.31–0.65
0.01

0–0.04
0.01

0–0.04
0.01

0–0.04

(r = 1) dens(burn_rank)
− P Both veg. types 0.10

0.0–0.21
0.01

0–0.02 0 0
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Table 1. Cont.

Species #
Stations Best Model Vegetation

Type Control Low Moderate High

Swainson’s
Thrush 299 psi(burn_cat.)

p(doy + year) Both veg. types 1 0.73
0.64–0.81

0.66
0.55–0.76

0.52
0.43–0.60

(r = 0.99) dens(burn_rank +
year + sdoy) − P Both veg. types 0.88

0.78–0.98
0.60

0.54–0.64
0.39

0.35–0.43
0.26

0.22–0.30

Swamp
Sparrow 49

psi(vegtype +
burn_rank)

p(year)
Peatland 0.44

0.27–0.63
0.37

0.23–0.53
0.30

0.19–0.45
0.24

0.13–0.41

Upland 0.17
0.09–0.30

0.14
0.08–0.22

0.10
0.06–0.17

0.08
0.04–0.15

dens(vegtype ×
burn_rank + year)

− NB
Peatland 0.63

0.05–1.20
0.23

0.07–0.38
0.08

0.02–0.15
0.03

0–0.06

Upland 0.02
0–0.04

0.02
0–0.04

0.03
0.01–0.04

0.03
0.01–0.06

Yellow-Rumped
Warbler 170 psi(vegtype +

burn_rank) p(.) Peatland 0.58
0.46–0.70

0.41
0.31–0.51

0.25
0.18–0.33

0.14
0.09–0.20

(r = 0.81) Upland 0.72
0.62–0.80

0.55
0.47–0.63

0.37
0.30–0.45

0.22
0.16–0.30

dens(vegtype ×
burn_rank + year)

− P
Peatland 0.26

0.13–0.39
0.19

0.13–0.26
0.14

0.09–0.20
0.10

0.04–0.17

Upland 1.31
1.07–1.55

0.67
0.58–0.77

0.34
0.28–0.41

0.18
0.12–0.23

Species with higher occupancy rates in burned areas

American
Robin 282 psi(burn_rank)

p(doy + year) Both veg. types 0.45
0.36–0.54

0.73
0.65–0.80

0.90
0.81–0.95

0.97
0.91–0.99

(r = 0.98) dens(burn_rank +
year)-P Both veg. types 0.19

0.15–0.23
0.41

0.35–0.46
0.54

0.48–0.60
0.72

0.66–0.78

Canada Jay 65 psi (burn_binary)
p(doy) Both veg. types 0.44

0.14–0.79
0.76

0.12–0.99
0.76

0.12–0.99
0.76

0.12–0.99

(r = n/a) dens(.) − P Both veg. types 0.15
0.11–0.18

0.15
0.11–0.18

0.15
0.11–0.18

0.15
0.11–0.18

Chipping
Sparrow 287

psi (vegtype +
burn_binary)
p(doy + year)

Peatland 0.69
0.56–0.80

0.79
0.68–0.87

0.86
0.76–092

0.91
0.81–0.96

(r = 0.78) Upland 0.58
0.48–0.68

0.69
0.62–0.76

0.79
0.71–0.85

0.86
0.77–0.92

dens(vegtype +
burn_binary +

year) − P
Peatland 0.66

0.52–0.80
1.03

0.91–1.16
1.03

0.91–1.16
1.03

0.91–1.16

Upland 0.45
0.36–0.54

0.69
0.62–0.77

0.69
0.62–0.77

0.69
0.62–0.77

Dark-Eyed
Junco 304 psi(burn_binary)

p(doy + year) Both veg. types 0.68
0.57–0.77

0.87
0.79–0.92

0.87
0.79–0.92

0.87
0.79–0.92

(r = 1) dens(burn_binary
+ year)-P Both veg. types 0.75

0.61–0.88
1.23

1.12–1.35
1.23

1.12–1.35
1.23

1.12–1.35

Lincoln’s
Sparrow 207 psi(vegtype +

burn_rank) p(.) Peatland 0.58
0.48–0.68

0.65
0.57–0.73

0.72
0.64–0.79

0.78
0.69–0.85

(r = 0.71) Upland 0.29
0.23–0.37

0.36
0.31–0.42

0.44
0.38–0.50

0.52
0.44–0.60

dens(vegtype ×
burn_cat. + year)

− NB
Peatland 1.15

0.79–1.51
2.30

1.70–289
1.09

0.76–1.43
1.07

0.73–1.41
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Table 1. Cont.

Species #
Stations Best Model Vegetation

Type Control Low Moderate High

Upland 0.09
0.04–0.14

0.27
0.17–0.37

0.27
0.16–0.37

0.39
0.29–0.49

Olive-Sided
Flycatcher 48 psi(burn_binary)

p(doy) Both veg. types 0.01
0–0.07

0.15
0.11–0.21

0.15
0.11–0.21

0.15
0.11–0.21

(r = 0.78) dens(vegtype +
burn_binary) − P Peatland 0 0.07

0.04–0.09
0.07

0.04–0.09
0.07

0.04–0.09

Upland 0 0.03
0.02–0.04

0.03
0.02–0.04

0.03
0.02–0.04

Western
Wood-Pewee 10 psi(vegtype +

burn_rank) p(doy) Peatland 0 0 0 0

(r = 0.82) Upland 0.02
0.01–0.08

0.03
0.01–0.09

0.07
0.03–0.12

0.12
0.05–0.26

dens(vegtype +
burn_rank + year)

− P
Peatland 0 0 0 0

Upland 0 0.01
0–0.02

0.01
0–0.02

0.01
0–0.02

Species with occupancy rates similar between burned and unburned areas

LeConte’s
Sparrow 27 psi(vegtype) p(.) Peatland 0.10

0.06–0.15
0.10

0.06–0.15
0.10

0.06–0.15
0.10

0.06–0.15

(r = 1) Upland 0.03
0.02–0.06

0.03
0.02–0.06

0.03
0.02–0.06

0.03
0.02–0.06

dens(vegtype +
year) − NB Peatland 0.26

0.10–0.41
0.26

0.10–0.41
0.26

0.10–0.41
0.26

0.10–0.41

Upland 0.02
0–0.04

0.02
0–0.04

0.02
0–0.04

0.02
0–0.04

Palm Warbler 93 psi(vegtype) p(.) Peatland 0.35
0.26–0.46

0.35
0.26–0.46

0.35
0.26–0.46

0.35
0.26–0.46

(r = 0.72) Upland 0.20
0.15–0.26

0.20
0.15–0.26

0.20
0.15–0.26

0.20
0.15–0.26

dens(vegtype +
burn_rank + year) Peatland 0.68

0.40–0.95
0.43

0.29–0.58
0.28

0.18–0.38
0.18

0.09–0.27

Upland 0.18
0.11–0.25

0.11
0.08–0.15

0.07
0.05–0.10

0.05
0.02–0.07

Species with occupancy rates that show non-linear response to burn severity and/or whose response depends on
vegetation type

Hermit
Thrush 353 psi(burn_category)

p(doy + year) Both veg. types 0.87
0.79–0.92

0.97
0.85–1

0.91
0.81–0.96

0.86
0.78–0.92

(r = −0.32)
dens(vegtype ×

burn_rank + year)
− P

Peatland 0.37
0.30–0.44

0.42
0.37–0.47

0.48
0.43–0.53

0.55
0.47–0.63

Upland 0.63
0.56–0.69

0.61
0.56–0.65

0.58
0.55–0.62

0.56
0.51–0.61

White-Crowned
Sparrow 77

psi(vegtype ×
burn_cat.) p(doy

+ year)
Peatland 0.04

0.01–0.24
0.56

0.33–0.77
0.54

0.32–0.75
0.30

0.14–0.51

(r = 0.72) Upland 0 0.06
0.02–0.17

0.25
0.14–0.42

0.34
0.23–0.48

dens(vegtype +
burn_cat. + year)

− NB
Peatland 0.02

0–0.05
0.30

0.16–0.44
0.29

0.13–0.43
0.43

0.26–0.60

Upland 0 0.06
0.03–0.09

0.06
0.03–0.09

0.09
0.05–0.13
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Table 1. Cont.

Species #
Stations Best Model Vegetation

Type Control Low Moderate High

White-Throated
Sparrow 225

psi(vegtype ×
burn_rank)

p(year)
Peatland 0.74

0.59–0.85
0.73

0.64–0.81
0.73

0.64–0.81
0.73

0.59–0.84

(r = 0.98) Upland 0.27
0.20–0.35

0.40
0.32–0.47

0.55
0.49–0.62

0.69
0.61–0.77

dens(vegtype ×
burn_rank + year)

− P
Peatland 0.47

0.35–0.59
0.50

0.41–0.58
0.53

0.44–0.62
0.56

0.42–0.70

Upland 0.08
0.05–0.11

0.15
0.11–0.18

0.26
0.22–0.31

0.47
0.37–0.57

Species that were positively influenced by fire included American robin (Turdus migratorius),
Canada jay (Perisoreus canadensis), chipping sparrow (Spizella passerine), dark-eyed junco (Junco hyemalis),
Lincolns’ sparrow (Melospiza lincolnii), olive-sided flycatcher (Contopus cooperi), and western
wood-peewee (Contopus sordidulus, Table 1). Three were best predicted by burn_binary, suggesting a
positive effect of fire regardless of severity, with the remainder best predicted by burn_rank, indicating
a linear increase. The western wood-peewee was never found in peatlands. The Canada jay was
the only species that showed any distinct difference between occupancy and density models with
burn_binary providing a better fit for occupancy models, while there was no strong support for any
fire variable in the density models.

Three species showed more complex relationships. The hermit thrush (Catharus guttatus) was one
of the most common species in our study area and showed higher occupancy in the low and moderate
burned areas than in controls and high severity burned areas. In contrast, density in peatlands increased
with burn_rank, while they slightly declined with burn_rank in uplands. The white-crowned sparrow
in peatlands showed a similar curvilinear response, with very low occupancy in controls, higher
occupancy in low and moderate burn severity, and decreases in high burn severity. In uplands, there
was an increase in occupancy with burn_rank. Density models found that the white-crowned sparrow
increased with burn_rank in both vegetation types. The white-throated sparrow (Zonotrichia albicollis)
had a very similar occupancy and density across burn severity in peatlands, but increased linearly
with burn severity in uplands.

There was reduced richness in peatlands with increasing severity for all richness metrics (Table 2).
In contrast, there was no consistent change in richness across severity classes in uplands. Richness
was considerably higher in peatlands than in uplands. Functional diversity decreased with increasing
burn severity, but did so in the same relative way in the both vegetation types. Richness also increased
between years (Table 2).

The burn severity × vegetation type interaction explained 5.4% of variation in community
composition, while the conditional variables explained an additional 6.8% (df = 6, F = 5.80, p ≤ 0.001).
Vegetation type, when the only constrained variable, explained 1.9% of variation (df = 1, F = 14.12,
p ≤ 0.001), which was marginally more than burn severity (1.5% of variation, df = 2, F = 4.86, p ≤ 0.001).
The partial canonical correspondence analysis (pCCA) ordination showed that species in upland and
peatland stations became more similar with increasing burn severity (Figure 4). However, the test
for homogeneity of multivariate dispersion and subsequent permutation tests showed no significant
differences among burn severities and vegetation types (df = 7, F = 0.93, p = 0.472).
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Table 2. Mean species richness (±95% C.I.) across vegetation types and burn severity in each year (Alpha visits 2015 and 2016), with years combined (Alpha (station)),
Gamma diversity, and functional diversity. Results are shown as means and 95% confidence intervals. Mod. = moderate.

Peatland Upland

Community Metric Best Model Control Low Mod. High Control Low Mod. High

Alpha (visit)
2015

vegtype ×
burn_rank + year

5.6
5.3–6.0

5.1
4.9–5.4

4.6
4.4–4.9

4.2
3.8–4.5

3.4
3.1–3.6

3.3
3.1–3.5

3.2
3.1–3.4

3.2
2.9–3.4

2016 7.5
7.1–7.8

7.0
6.7–7.2

6.5
6.2–6.8

6.0
5.6–6.4

5.2
4.9–5.5

5.1
5.0–5.3

5.1
4.9–5.3

5.0
4.8–5.3

Alpha (station) vegtype × burn_cat. 11.5
10.7–12.2

10.9
10.2–11.6

9.5
8.7–10.2

9.1
8.3–9.9

8.5
7.9–9.1

7.8
7.2–8.4

8.0
7.4–8.7

7.9
7.4–8.4

Gamma n/a 30.3
27–32

27.8
25–30.5

23.4
21–26

23.4
21–25

22.6
19–26

20.7
17–24

22.5
19–25

22.1
19–25

Functional diversity burn_cat. 0.61
0.58–0.64

0.53
0.50–0.56

0.47
0.44–0.50

0.44
0.42–0.47

0.61
0.58–0.64

0.53
0.50–0.56

0.47
0.44–0.50

0.44
0.42–0.47
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4. Discussion

Single-species occupancy and density models of boreal birds breeding in northwestern Canada
suggest about half of the species we modeled use uplands and peatlands differently (Table 1).
More species had higher occupancy rates (50% vs. 15%) or density (55% vs. 20%) in peatlands than
in uplands. The remaining species showed no differences in abundance between vegetation types.
Of the 10 species with higher occupancy in peatlands, 40% showed evidence of declines with fire
severity during the first two years post-fire. Of the three species with higher occupancy in uplands,
one declined with fire severity, one was intermediate, and one increased. Of the seven species that
have similar occupancy rates between vegetation types, 57% increased with fire severity. Of the
11 species with higher density in peatlands, 45% showed declines with fire severity. Of the four species
with higher density in uplands, 50% showed declines with fire severity (ruby-crowned kinglet and
yellow-rumped warbler). Of the five species with no difference in density between vegetation types,
40% declined. Only three species showed strong support for an interaction between vegetation type
and burn severity on occupancy. Using density, seven species showed support for an interaction
between severity and vegetation type, although the qualitative direction of response to fire severity
remained the same between occupancy and density for most species. The two exceptions were the
hermit thrush and white-crowned sparrow which showed quite different patterns based on density
versus occupancy. In general, occupancy and density models found similar qualitative responses to
fire, but the magnitude of change was often quite different. Density data were more likely to support
more complex models that included more interactive effects. The individual species results do not
provide strong support for the hypothesis that birds breeding in uplands are more resistant to fire than
birds in peatlands.

However, the richness and community composition results at all scales suggest that the community
in peatlands did change more with fire severity than in uplands, providing some support for the
resistance hypothesis. This result is likely caused by the larger number of specialists breeding in
peatlands. The three to four species with higher occupancy and density estimates in uplands were
also common in peatlands. Conversely, many of the species with higher occupancy and density in
peatlands were very uncommon in uplands. This suggests that a greater number of individuals of fire
sensitive species likely breed in peatlands than in upland forests.

Functional diversity decreased more than species richness with increasing burn severity because
species found in the higher severity burns shared similar, generalist life history traits. We define
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generalists in this study as being omnivorous and able to use either ground or multiple tree types
for nesting locations in forested habitat (Appendix A). It may be particularly beneficial for species
to utilize a variety of food types in recent burns where foods like berries, seeds, and insects may be
scarce. Additionally, species that either nest on the ground or use multiple tree types will also likely
have nesting options in recent burns, even with limited live tree options. The five most common
species in high severity burns (American robin, chipping sparrow, dark-eyed junco, hermit thrush,
Lincolns’ sparrow, and white-throated sparrow) are from two families (Turdidae and Emberizidae) and
represent short distance migrants, foraging omnivores (except the hermit thrush), and nest primarily
on the ground (except the American robin, where the ground is a secondary nesting substrate [64]).
Burn severity had a similar impact on functional diversity in both uplands and peatlands, supporting
the niche gestalt hypothesis. Species with specialized life history traits, such as insectivores, were less
abundant in our study area than more southern areas of the boreal forest, but their negative response to
increasing burn severity accounts for most of the observed decrease in functional diversity. The lower
change in turnover along axis one of the pCCA demonstrates that the magnitude of the change in
beta diversity was smaller in uplands than in peatlands. Less turnover seemingly reflects the more
generalized habitat requirements of the upland bird community, again providing some support for the
resistance hypothesis.

In our study area, burn severity in peatlands was on average less than in uplands [41]. Peatlands
in southern boreal forest have been predicted to remain relatively unaltered in response to climate
change throughout this century, compared to uplands [65]. Thus, peatlands may act as climate change
and wildfire refugia [66] and potentially be important for many boreal birds, even those that prefer
uplands but are capable of using peatlands. However, some peatlands may not be as available in
the future owing to greater drying and the risk of larger and more severe burns that are expected
to become more prominent [20]. Some peatland specialists could already be experiencing negative
effects of climate change. For example, the common yellowthroat is a peatland-associated species in
western boreal regions that has experienced population declines of 0.9% annually between 1970 and
2015 in Canada [67]. In our study, this species was found in unburned, low, and moderate severity
areas, but not in high severity burns. Alternatively, high severity burns, that are expected to be more
prominent in boreal landscapes in response to climate change, will likely be important refugia for fire
specialists (e.g., olive-sided flycatcher and western wood-pewee).

Of the 18 individual species that responded to fire, about a third showed differences in occupancy
that were best fit by describing fire state as burned versus unburned (burn_binary). Using density,
only three species were best fit by the burn_categorical variable (non-linear response). These results
suggest that the burned/unburned categorization used by many historical studies is insufficient to
understand the magnitude of changes in birds that result from fires. Most species were better predicted
by some measure of burn severity. Richness and functional diversity patterns in peatlands also
indicated severity was important for assessing community change in response to fire. Likewise, a
gradual community composition shift with increasing severity was observed, particularly in peatlands.
Clearly, measuring severity results in a more nuanced perspective on how birds react to fire and likely
has significant implications in future simulation models that try to understand bird population sizes
and community change in space and time.

To our knowledge, the only other study in a North American boreal forest that evaluated
how burn severity influences bird abundance was in black spruce stands in Quebec, Canada [30].
There were 10 species where abundance and severity were assessed in both studies. Five species
showed significant responses to fire and/or fire severity in our study area, but no significant relationship
with burn severity in Quebec (alder flycatcher, American robin, olive-sided flycatcher, Swainson’s
thrush, and white-throated sparrow). The ruby-throated kinglet and yellow-rumped warbler showed
negative effects of increased burn severity in both study areas. The dark-eyed junco and hermit thrush
were also positively related to burn severity in both studies, although we found that high severity led
to a slight decrease in hermit thrush occupancy which was not observed in Quebec. Cavity nesters
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dominated high severity burns in this eastern boreal region, which was not the case in the Northwest
Territories where woodpeckers were uncommon. However, the use of ARUs only provides species
identifications based on acoustic signals and this resulted in many of our woodpecker records being
classified as unknown woodpecker species because there was insufficient information to classify some
drumming patterns to species. Additional work is needed to assess if the differences in response
between the two areas represent distinct differences in habitat selection or simply are the result of
insufficient sample size or issues of detectability in one area versus the other.

When we expanded our literature review to include burn severity in other North American forests,
we found eight studies that quantified differences in fire severity on birds (Table 3). This included
a meta-analysis from studies with high or low/moderate burn severities, but not necessarily all three
severities in the same study [68]. The yellow-rumped warbler, ruby-crowned kinglet, and orange-crowned
warbler consistently declined with fire severity across studies. The olive-sided flycatcher and western
wood-peewee tended to increase. Many species had no significant effect of severity in some areas,
but were consistent in their direction of change. For example, the American robin and white-throated
sparrow tended to be higher in areas with more intense fire severity, while Swainson’s thrush tended
to be lower. Results for Le Conte’s sparrow, palm warbler, ruffed grouse, and white-crowned sparrow
were only available in our study. The Canada jay, chipping sparrow, common yellowthroat, dark-eyed
junco, hermit thrush, Lincoln’s sparrow, and swamp sparrow showed inconsistent patterns of response
to severity across studies. It is tantalizing to suggest that local adaptations to deal with a different fire
regime in northwestern boreal ecosystems may explain the differences for these species. However,
a more standardized approach to measuring fire severity and more consistent analytical framework
are needed to truly test this hypothesis.

Most studies on the response of birds to fire in the western boreal have compared bird abundance
at different times since fires. Typically, this has been done by comparing younger stands to older
stands created by a similar disturbance type [25–29]. In Alberta, Canada, all such studies have been
summarized into a single framework using ~60,000 point counts across five major vegetation types and
split into nine 20 year age-class increments (0–20, 21–40, etc.) [25]. Several interesting discrepancies
are apparent with Alberta’s bird habitat models and what we observed in our study area. The alder
flycatcher and common yellowthroat are far more likely to be found in 0 to 20-year-old forests in
Alberta than any other age class, regardless of vegetation type. However, in the NWT, we found they
were far less abundant after fire than in 40+ year old controls. We suspect immediately post-burn
the shrubs may not be sufficiently dense to support as many individuals, but will likely increase
as shrubs and trees begin to regrow. The density of alder flycatchers was higher in 2016 than in
2015 supporting this observation. In contrast, the Canada jay, chipping sparrow, dark-eyed junco,
hermit thrush, and olive-sided flycatcher are all predicted to occur at higher densities in mature to old
forests in Alberta than in the 0 to 20-year age class. However, we found all of these species were far
more abundant in burned areas than the 40-year-old controls in the NWT. These species also tended to
increase with fire severity. Whether these inconsistencies are reflective of northern birds being more
resilient to fire, different forest succession patterns related to latitude, time since disturbance, or the
age of our controls in the NWT warrants further analysis. Regardless, we recommend that models
present results with finer resolution in the first few years after disturbance, as there is clear evidence
that within the first few years post-disturbance bird communities are quite different than a decade or
two later [29].

Just as inconsistent results can be found among studies looking at species-specific responses to
fire severity, similar variation has been seen in community responses. For example, in the deciduous
dominated forests of Minnesota, alpha richness decreased dramatically with fire severity [69]. In Ponderosa
pine, alpha richness increased in an Idaho study, but decreased in an Arizona study, even when identical
sampling and methodological techniques were used [38]. In our jack pine-dominated uplands, we found
a neutral response to fire severity, while in the peatlands we found a distinct decrease. This variation
in responses in richness suggests local conditions influence how the overall community responds to
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fire and may depend on the number of specialists that exist in a particular vegetation type. Distance to
less severely burned areas, availability of water, and ground level versus canopy level burn severity,
likely all play a role in creating this variation.

Table 3. Effects of burn severity on species included in our study and reported by other studies
in North America. A “+” symbol indicates an increase in bird abundance with fire severity, a “−”
indicates a decrease with severity/indicates no response to severity, “int” indicates an intermediate
response (i.e., quadratic) to severity. Blank cells indicate the species was not observed in that study.
The results from Alberta [25] are not response to severity, but indicate whether the species is more likely
to be found in younger forests post-fire in 5 major vegetation types in boreal Alberta. Two symbols
indicate that two or more vegetation types or spatial locations were compared within a study and
showed different responses. “.” indicates the vegetation type was not used by a species. Location
abbreviations are: NWT = Northwest Territories, Canada; MN = Minnesota, USA; CA = California,
USA; QB = Quebec, Canada; AZ = Arizona, USA; OR = Oregon, USA, ID = Idaho, USA; MT = Montana,
USA; AB = Alberta, Canada.

Reference Number This
Study [68] [69] [70] [30] [71] [72] [37] [36] [25]

Year 2020 2012 2019 2018 2011 2006 2015 2016 2016 2020

Location NWT USA MN CA QB AZ OR ID,
AZ MT AB

Alder Flycatcher − + / +++++
American Robin + / + / / / /+//+

Canada Jay + − −−/−−
Chipping Sparrow + int + / −/+ + −−/−−

Common Yellowthroat − / + +++++
Dark-Eyed Junco + / / int + −/ − −−/−−
Hermit Thrush int − / − + − int −−−−−

LeConte’s Sparrow / +++++
Lincoln’s Sparrow + + − +++++

Orange-Crowned Warbler − − −−−−−

Olive-Sided Flycatcher + + / int / + −−/+−
Palm Warbler / −−−−−

Ruby-Crowned Kinglet − − − −−−−−

Ruffed Grouse − −−−−−

Swamp Sparrow − + . . . //
Swainson’s Thrush − − / − −−−−−

White-Crowned Sparrow int/ . . . //
Western Wood-Peewee + + + ++/++

White-Throated Sparrow /+ + + / +++++
Yellow-Rumped Warbler − − − − − int − −/ int −−−−−

5. Conclusions

Due to climate change, wildfires in the boreal forest are increasing in frequency, burn severity,
and the total annual area burned [73,74]. Wildfires in northwestern boreal regions have historically
been large and severe [7]. Unlike southern boreal regions, where firefighting can mitigate the spread of
wildfire, northern regions are less residentially and industrially developed, and therefore experience
less wildfire suppression [75]. Increased burn severity may result in important habitat loss or alteration
for a range of specialist species, as well as habitat creation for fire specialists, many of which are of
conservation concern. Our study took place in two very large fires that occurred during an extreme
wildfire year. One of the burns in our study area was larger (750,000 ha) than the average yearly
area burned in the entire Northwest Territories (570,000 ha; [39]). Therefore, our results are likely
representative of the predicted fire regime with larger wildfires that we can expect more of with
climate change.

To our knowledge, this is the first study to quantify changes to bird communities in response to
burn severity in both uplands and peatlands in a large and unmanaged northern boreal forest region.
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As predicted, low and moderate severity burn patches in peatlands had higher richness and diversity
of species compared to high severity burn patches, likely because of higher levels of remaining green
vegetation structure. We also predicted that peatland species would be more affected by increased burn
severity than uplands, which there was evidence for in the richness results, but not in the functional
diversity or community composition.

Data from this study can be used to build species distribution models to predict spatio-temporal
variation in abundance or density and evaluate potential effects of climate change [76,77].
Critically, these models should include fire severity and some landscape metrics related to fire
dynamics. Simply put, treating all of the area in a fire polygon the same does not fully encompass
the array of responses shown by birds. Future studies should simultaneously test the effects of burn
severity, time since fire, and fire return interval on bird community dynamics across a wide range of
boreal regions to provide much needed baseline data required to inform land management and better
anticipate the wide range of species-specific effects of climate change on boreal birds.
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Appendix A

Table A1. Details of species detected in the study. Species detected at a minimum of three sampling stations in the study area, life history traits), the total number of
individuals detected for both survey years (total count), and the percent of point count stations with detections for each species.

Common Name Scientific Name Generalist/Specialist Migration Feeding Substrate
Breeding

Foraging
Type

Nesting
Substrate

Nesting
Habitat

Total
Count

Stations with
Detections (%)

Alder Flycatcher Empidonax alnorum S NM In Air Sal Sh TSS 59 12.6
American Robin Turdus migratorius G SDM Om LCS Fo TNs Ur 380 69.4

Black-Backed Woodpecker Picoides arcticus S R In Ba Sca Sn CW 8 2.0
Blue-Headed Vireo Vireo solitarius S SDM In LCS Gl CT MW 4 1.0
Boreal Chickadee Poecile hudsonicus S R In LCS Gl Sn CW 4 1.0

Canada Jay Perisoreus canadensis G R Om UC Fo CT CW 70 15.9
Clay-Colored Sparrow Spizella pallida G NM Om Gr Fo Sh ES 14 3.2

Chipping Sparrow Spizella passerina G SDM Om Gr Fo CT OW 370 70.6
Common Nighthawk Chordeiles minor S NM In Air Scr Gr Wo 36 8.6

Common Yellowthroat Geothlypis trichas S NM In LCS Gl Gr Ma 11 2.5
Dark-Eyed Junco Junco hyemalis G SDM Om Gr Fo Gr CW 388 74.8

Fox Sparrow Passerella iliaca G SDM Om Gr Fo Gr Wo 5 1.2
Greater Yellowlegs Tringa melanoleuca S SDM Pi Wa Am Gr Bo 5 1.2

Hermit Thrush Catharus guttatus S SDM In Gr Gl Gr CW 486 86.9
Le Conte’s Sparrow Ammodramus leconteii G SDM Om Gr Fo Gr Me 30 6.6

Least Flycatcher Empidonax minimus S NM In Air Sal DT DW 6 1.5
Lesser Yellowlegs Tringa flavipes S SDM In Wa Gl Gr Bo 101 23.7
Lincoln’s Sparrow Melospiza lincolnii G SDM Om Gr Fo Gr Bo 263 80.6
Mountain Bluebird Sialia currucoides S SDM In Gr Gl Sn OW 4 0.7

Northern Flicker Colaptes auratus S SDM In Gr Gl Sn MW 8 1.9
Orange-Crowned Warbler Vermivora celata S SDM In LCS Gl Gr OW 81 17.0

Olive-Sided Flycatcher Contopus cooperi S NM In Air Sal CT Bo 49 11.9
Ovenbird Seiurus aurocapillus S NM In Gr Gl Gr DW 6 1.5

Palm Warbler Dendroica palmarum S SDM In Gr Gl Gr Bo 104 23.0
Pileated Woodpecker Dryocopus pileatus S R In Ba Ex Sn MW 4 1.0

Red-Winged Blackbird Agelaius phoeniceus S SDM Om Gr Fo Gs Ma 8 1.5
Ruby-Crowned Kinglet Regulus calendula S SDM In UC Gl CT CW 38 9.1

Ruffed Grouse Bonasa umbellus G R Om Gr Fo Gr MW 33 7.7
Savannah Sparrow Passerculus sandwichensis G SDM Om Gr Fo Gr Ag 4 1.0
Solitary Sandpiper Tringa solitaria S NM In Wa Gl TNS Bo 45 10.1

Sora Porzana carolina S SDM Om Wa Fo EV Ma 107 25.4
Spotted Sandpiper Actitis macularius S NM In Sh Gl Gr Be 9 2.0
Swamp Sparrow Melospiza georgiana G SDM Om Gr Fo Gr Ma 56 12.1

Swainson’s Thrush Catharus ustulatus G NM Om Gr Fo CT MW 373 73.6
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Table A1. Cont.

Common Name Scientific Name Generalist/Specialist Migration Feeding Substrate
Breeding

Foraging
Type

Nesting
Substrate

Nesting
Habitat

Total
Count

Stations with
Detections (%)

Tennessee Warbler Vermivora peregrina S NM In UC Gl Gr Bo 58 13.3
Western-Wood-Pewee Contopus sordidulus S NM In Air Sal CT OW 10 2.5

White-Crowned Sparrow Zonotrichia leucophrys G SDM Om Gr Fo Gr Bo 87 19.0
White-Throated Sparrow Zonotrichia albicollis G SDM Om Gr Fo Gr ES 299 55.6
Yellow-Bellied Flycatcher Empidonax flaviventris S NM In Air Sal Gr Bo 5 1.2
Yellow-Bellied Sapsucker Sphyrapicus varius G SDM Om Ba Ex DT MW 7 1.7

Yellow Warbler Setophaga petechia S NM In LCS Gl Sh ES 7 1.2
Yellow-Rumped Warbler Setophaga coronata S SDM In LCS Gl CT CW 193 41.7

Generalist/Specialist: G = Generalist, S = Specialist; Migration: Nm = Neotropical Migrant, R = Resident, Sdm = Short-Distance Migrant; Feeding: In = Insectivore, Om = Omnivore,
Pi = Piscivore; Breeding Substrate: Air = Air, Ba = Bark, Gr = Ground, LCS = Lower Canopy And Shrubs, Sh = Shoreline, UC = Upper Canopy, Wa = Water; Foraging Type: Am = Ambusher,
Ex = Excavator, Fo = Forager, Gl = Gleaner, Sal = Sallier, Scr = Screener, Sca = Scavenger; Nesting Substrate: DT = Deciduous Tree, CT = Coniferous Tree, EV = Emergent Vegetation,
Gr = Ground, Gs = Grass, Ma = Marsh, Sh = Shrub, Sn = Snag, TNs = Tree, Non-Specific; Nesting Habitat: Ag = Agricultural, Be = Beach, Bo = Bog, CW = Coniferous Woodlands,
ES = Early Successional, MW = Mixed Woodlands, OW = Open Woodlands, TSS = Treed/Shrubby Swamp, Ur = Urban.
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