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Abstract. We conducted bird surveys in 10 of the first 11 years following a mixed-severity fire in a dry, low-elevation
mixed-conifer forest in western Montana, United States. By defining fire in terms of fire severity and time-since-fire, and
then comparing detection rates for species inside 15 combinations of fire severity and time-since-fire, with their rates of

detection in unburned (but otherwise similar) forest outside the burn perimeter, we were able to assess more nuanced
effects of fire on 50 bird species. A majority of species (60%) was detected significantly more frequently inside than
outside the burn. It is likely that the beneficial effects of fire for some species can be detected only under relatively narrow
combinations of fire severity and time-since-fire. Because most species responded positively and uniquely to some

combination of fire severity and time-since-fire, these results carry important management implications. Specifically, the
variety of burned-forest conditions required by fire-dependent bird species cannot be created through the application of
relatively uniform low-severity prescribed fires, through land management practices that serve to reduce fire severity or

through post-fire salvage logging, which removes the dead trees required by most disturbance-dependent bird species.
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Introduction

The earliest synthesis of fire effects on birds (Kotliar et al. 2002)
revealed that many species respond positively, others negatively

and still others in a mixed fashion to burned forest conditions.
Perhaps the most important pattern that emerged from this
synthesis is that some species (the more extreme including the
American Three-toed Woodpecker (Picoides dorsalis), Black-

backed Woodpecker (Picoides arcticus), Mountain Bluebird
(Sialia currucoides) and Tree Swallow (Tachycineta bicolor))
are relatively abundant in burned forest conditions. One (the

Black-backed woodpecker) is even relatively restricted in its
distribution to such conditions. For example, Hutto (1995)
reported that 15 species were more abundant in burned forests

than theywere in any of the other 14 vegetation types included in
his meta-analysis. This carries important management impli-
cations because those species may depend to a large extent on
fire to create the habitat conditions they need for persistence –

habitat conditions that are severely compromised by fire pre-
vention, fire suppression, and post-fire salvage logging, seeding,
tree planting and removal of native shrubs (Saab and Dudley

1998; Kotliar et al. 2002; DellaSala et al. 2006; Hutto and Gallo
2006; Hutto 2008; Saab et al. 2009; Swanson et al. 2011;
DellaSala et al. 2014; Tingley et al. 2014).

Until very recently, studies of fire effects did not distinguish
the effects of low-severity, mixed-severity and high-severity
fires. Therefore, reported responses of species were oftentimes

different from one study to the next, and terms like ‘mixed
responder’ were included in tables generated from synthetic
work on fire effects (Kotliar et al. 2002). Kotliar et al. (2005)
noted that fire severity, time-since-fire, vegetation type and

other considerations could probably explain some of the varia-
tion among studies, but it was not until Smucker et al. (2005)
characterised the severity of the fire surrounding each of a series

of survey points that bird responses to fire became much less
ambiguous and remarkably consistent. Smucker et al. (2005)
proposed that most bird species respond predictably to fire, but

that the type of response (positive or negative) depends strongly
on fire severity. Subsequently, numerous studies (e.g. Covert-
Bratland et al. 2006; Kirkpatrick et al. 2006; Conway and
Kirkpatrick 2007; Koivula and Schmiegelow 2007; Kotliar

et al. 2007; Hanson andNorth 2008; Kotliar et al. 2008; Vierling
and Lentile 2008; Nappi et al. 2010; Nappi and Drapeau 2011;
Dudley et al. 2012; Fontaine andKennedy 2012; Lee et al. 2012;

Lindenmayer et al. 2014; Rush et al. 2012; Hutto et al. 2015;
Stephens et al. 2015) have demonstrated a marked effect of fire
severity on either the occurrence or breeding success of selected
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bird species. In addition to fire severity, the number of years
following a fire event (time-since-fire) can have significant
influence on bird response. Again, there are some important

studies that have included early vs later stages of succession
after fire in their analyses of bird occurrence patterns (Taylor
1973, 1979; Taylor and Barmore 1980; Raphael et al. 1987;

Breininger and Smith 1992; Hutto et al. 1995; Pyke et al. 1995;
Ganey et al. 1996;Woinarski et al. 1999; Bechtoldt and Stouffer
2005; Covert-Bratland et al. 2006; Saab et al. 2007; Vierling and

Gentry 2008; Brown et al. 2009; Chalmandrier et al. 2013;
Holmes et al. 2013; Hutto et al. 2015). Taken together, results
from these two kinds of studies suggest that the simultaneous
consideration of severity and time-since-fire might allow us to

detect fire effects that are even more nuanced.
The purpose of this study was to document the response of

native bird species to the Black Mountain fire, a 3500-ha,

lightning-caused, mixed-severity fire that burned through a
lower-elevation dry, mixed-conifer forest immediately west of
Missoula, Montana, in 2003. Using point-count data from each

of 10 years following the fire, we compared the occurrence rates
of bird species in a variety of burned forest conditions across a
space-time continuum with their occurrence rates in surround-

ing unburned forest of the same vegetation type. This study was
designed to test whether a combination of fire severity and time-
since-fire is necessary to expose some positive effects of fire on
birds in dry, mixed-conifer forest, which is common across the

mountainous West.

Methods

Study area

Situated at the south-west edge of the city ofMissoula,Montana,
United States, the 2003 Black Mountain fire started in mature,
low-elevation, mixed-conifer forest dominated by Ponderosa

Pine (Pinus ponderosa), Western Larch (Larix occidentalis),
Lodgepole Pine (Pinus contorta), and Douglas-fir (Pseudotsuga
menziesii) on 8 August as the result of a lightning strike. The fire
burned slowly until it grew rapidly on 16 August when it spread

across 1500 ha in 2 h and prompted the evacuation of 130 homes;
it eventually burned ,3500 ha. The spatio-temporal effects of
the BlackMountain fire and their relationship with wildland fire

hazard and risk were discussed by Hardy (2005), the fire was
also the subject of several studies that were designed to measure
the effectiveness of the severity classifications associated with

the Burned Area Reflectance Classification (BARC) map that
was generated following the fire (Hudak et al. 2004; Hudak et al.
2007; Lentile et al. 2007).

Overall design

There are limits to case history studies of single fire events due to

the lack of treatment replication, but it is nearly impossible to
attain true treatment-level replication of severe-fire events in
either an experimental or natural fashion; case studies are sine
qua non in fire ecology (Hargrove and Pickering 1992).

Therefore, fire ecologists must take advantage of individual
opportunities that arise, and then rely on meta-analyses at some
point in the future to understand the extent to which results can

be safely generalised more broadly beyond any single event.

To assess fire effects, we sought to compare bird occurrence
rates in the burned forest to those we would have expected to
observe in the absence of fire. As is true with most unplanned

natural disturbance events, no bird surveys had been conducted
within the burned area before the fire, so we estimated what the
occurrence rates of bird species in the study area were likely to

have been before the fire by drawing samples from a subset of
the Northern Region Landbird Monitoring Program database
(Hutto and Young 2002). Point-count locations were positioned

in unburned but otherwise similar (dry, low-elevation, mixed-
conifer) forest within a 100-km2 block centred on the fire using
methods identical to those used in this study (Fig. 1). We used
data from the most recent year sampled at each point, which

yielded 717 points that were surveyed sometime between 1992
and 2009. Although bird occurrence rates certainly vary across
space and time, that variation is very small relative to variation

among vegetation types. Therefore, the large number of points
drawn from a variety of locations and years should serve to
swamp outlier places or years that might otherwise bias an

estimate of the ‘average’ occurrence rate for each species in a
typical unburned mixed-conifer forest.

We used a digital orthophoto of the fire perimeter to initially

position 279 bird survey points throughout the burned area,
spacing points no closer than ,200 m from any other point.
Beginning 9 months after the fire and for 10 of the first 11 years
following the fire, one of the authors (RLH) visited an average of

100 (range¼ 77–127) points every post-fire year except 2008
within a 6� 2 km rectangle that covered the south-east portion
of the fire (Fig. 1). The survey locations were well distributed

across the study area in each year, although the precise locations
varied somewhat from year to year because of variation in
survey routes taken by the observer. A given point may or

may not have been visited in more than one year; specifically,
the numbers of points visited from 1 to 10 times across years
were 80, 37, 29, 14, 17, 41, 39, 12, 9 and 1, respectively. In most
instances, points were visited on a single occasion in any given

year (of 1087 point visits across all years, only 29 were visited
multiple times in a given year). In instances where points were
visitedmore than once in a given year, we randomly selected one

of the visits for analysis. Thus, data associated with each point
are represented by a single visit in each year. A summary of
survey effort (numbers of independent survey points) across the

combinations of fire severity and time-since-fire are presented
in Table 1.

Bird surveys

Point counts were conducted during the height of the breeding

season every year (last week ofMay to the first week of July) and
lower elevations were visited earlier in the season than higher
elevations. On a given visit to each point, we used standard

10-min point-count methodology (Hutto et al. 1986; Ralph et al.
1995) to record the distance to and identity of each bird detected
by either sight or sound between 0630 and 1130 hours. We also
recorded an on-the-ground visual estimate of tree mortality

percentage (1–20%, 21–40%, 41–60%, 61–80% and .80%)
within 100m of each survey point during each of the first 2 years
after the 2003 fire and used the mean value as an index of fire

severity surrounding the point.
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Statistical analyses

Because the numbers of individuals of any one species are
notoriously difficult to estimate during a 10-min count, the most
reliable information that can be obtained from a point count is
the presence or absence of a species (Hutto 2016). Therefore, we

recorded the species detected within a fixed, 100-m radius sur-
rounding each survey point and used the proportion of points at
which a species was detected (naı̈ve occupancy) as a response

variable to reflect bird abundance. We did not employ occu-
pancy modelling (MacKenzie et al. 2006) or distance sampling
to estimate bird density (Buckland et al. 2001) because points

were visited only once in a given year, sample sizes for most
species were too small to estimate reliable detection functions
and mean detection distances to all bird species in the unburned
and burned forest types (the most important potential source of

detectability bias) were not significantly different (46.6 m vs
47.1 m; t¼�1.14, d.f.¼ 15 810, P¼ 0.26). In addition, several
fundamental assumptions associated with distance sampling

could not be met; these include the assumptions that (1) there is

no bird movement in response to the observer, (2) changes in
vegetation with distance from the observer do not confound the
effect of distance alone, (3) observers can obtain accurate esti-

mates of the number of individuals of each species surrounding a
point and (4) observers can obtain accurate estimates of dis-
tances to birds that were heard but not seen (90% of all detec-

tions). Welsh et al. (2013) discussed why these and other
problems can lead to biases that are as bad as or worse than those
that might be present in unadjusted data. Johnson (2008) also

discussed instances where simple indices, such as percentage
occurrence, are likely to be more reliable than distance-adjusted
density estimates and a multi-species survey is one of those
instances. To confirm that the patterns we describe are not

artefacts of detection bias, we conducted an additional analysis
based on data drawn from a very limited 50-m radius, where
detections can be assumed to be very near 100% for most spe-

cies, none of the bird distribution patterns was affected by the

Table 1. The number of independent surveys (point-counts) that were conducted in each combination of time-since-fire and fire severity within the

Black Mountain fire near Missoula, Montana, USA

Fire severity (tree mortality) Two–year interval

2004–2005 2006–2007 2009–2010 2011–2012 2013–2014

1–40% 35 36 40 59 57

41–80% 47 51 65 85 97

.80% 100 97 84 108 126

Fig. 1. The small rectangle encloses the bird survey points that were positioned within the 2003 BlackMountain fire perimeter, 5 km

west of Missoula, Montana. The larger 100-km2 area surrounding the rectangle shows the locations of the 717 unburned-forest bird

survey points outside the fire perimeter. Source: Google Earth.
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use of this more restricted dataset. Analyses were conducted on
50 species that were detected on at least 10 point-counts (either
inside or outside the fire perimeter), were not wide-ranging large

raptors and were not restricted to riparian or wetland habitats
embedded within the mixed-conifer forest.

We started with a traditional analytical approach, where we

used Chi-square test analyses to investigate whether the proba-
bility of occurrence of any given bird species differed signifi-
cantly between burned and unburned points. We then conducted

a more refined analysis to assess whether there were differences
in percentage occurrence between the surrounding unburned
mature forest and any combination of fire severity and time-
since-fire. To smooth out smaller-scale variability and to

achieve adequate sample sizes in each combination of fire
severity and time-since-fire, we first aggregated the counts for
each species into 3 fire-severity levels (1–40%, 41–80% and 81–

100% tree mortality) and 5 2-year periods (2004–2005, 2006–
2007, 2009–2010, 2011–2012 and 2013–2014), which produced
counts for 15 combinations of fire severity and time-since-fire.

We then computed the odds ratio of seeing a species in each of
the 15 combinations relative to the surrounding unburned
(equivalent to pre-fire) forest. Since there were some 0 counts,

we added 0.5 to all counts for all species (Agresti 2002). The
odds ratio for fire severity level i and time period j for a given
species is:

ŷij ¼ ðxij1 þ 0:5Þ=ðxij0 þ 0:5Þ
ðxb1 þ 0:5Þ=ðxb0 þ 0:5Þ

where xij1 and xij0 are the numbers of points where the species
was and was not detected, in fire severity level i during time
period j, and xb1 and xb0 are the analogous counts for the outside-

fire base (labelled 2003 along the year axis, but representing data
from outside the burn, regardless of year that the data were
collected). An approximate standard error for log ŷij is (Agresti
2002):

SE log ŷij
� �

¼ 1

xij1 þ 0:5
þ 1

xij0 þ 0:5
þ 1

xb1 þ 0:5
þ 1

xb0 þ 0:5

� �1=2

:

To assess the statistical significance of the odds ratio we
computed zij ¼ log ŷij=SEðlog ŷijÞ (the expected value of the

log-odds ratio is 0 when the true-odds ratio is 1). Because we
ran over 700 comparisons in total, we calculated Bonferroni-
adjusted P-values to provide an estimate of the statistical
significance associated with each odds ratio. All data manipula-

tion and plots were conducted in R (R Core Team 2014) using
packages dplyr (Wickham and Francois 2015), tidyr (Wickham
2014) and ggplot2 (Wickham 2009).

Results

We detected a total of 107 bird species in the combined dataset
drawn fromburned and unburned forests, and 50 of those species
met target requirements for inclusion in analyses as described in

the methods (Table 2). By grouping points into two categories
(burned-forest and unburned-forest points) and then calculating
the percentage occurrence rates of each species inside and

outside the burned forest (Table 2), we found 25 species to be
more abundant in the burned forest (23 significantly so;
P, 0.05), and 25 to be more abundant outside the burned forest

perimeter (21 significantly so; P, 0.05). In contrast, a majority
of species (60%) was significantly more likely to be detected in
at least one category representing a particular combination of

fire severity and time-since-fire within the burned forest than
within mature, unburned, green-tree forests of the same type
(Fig. 2). Although most species responded positively at 1 or

more combinations of fire severity and time-since-fire, not all
species responded positively in the same way. To help visualise
the positive and negative responses to fire and the differences in
patterns of response among species, we colour-coded the odds

ratios associated with a comparison of the occurrence rates for a
species in each combination of fire severity and time-since-fire
and its occurrence rate in unburned forest outside the fire

perimeter (Fig. 2).
Fourteen (28%) of the 50 species revealed significantly

greater abundances within than outside the burned forest within

2 years following fire, most commonly in the moderate or
severely burned forest patches (Fig. 2). These included four
woodpecker species (Black-backed Woodpecker, Hairy Wood-

pecker (Picoides villosus), American Three-toed Woodpecker
and Northern Flicker (Colaptes auratus)) several thrush species
(Western Bluebird (Sialia Mexicana), Mountain Bluebird,
Townsend’s Solitaire (Myadestes townsendi)), two flycatcher

species (Western Wood-Pewee (Contopus sordidulus) and
Dusky Flycatcher (Empidonax oberholseri)), and two seed-
eating specialists (Cassin’s Finch (Haemorhous cassinii), Pine

Siskin (Spinus pinus)), among others (e.g. Rock Wren
(Salpinctes obsoletus), Lazuli Bunting (Passerina amoena),
Chipping Sparrow and (Spizella passerina)).

Several additional species exhibited significant but delayed
increases in abundance within the burned forest (e.g. Tree
Swallow; Lewis’s Woodpecker (Melanerpes lewis), Pygmy
Nuthatch (Sitta pygmaea), Dusky Grouse (Dendragapus

obscurus), Vesper Sparrow (Pooecetes gramineus), White-
breasted Nuthatch (Sitta carolinensis), Calliope Hummingbird
(Selasphorus calliope) and Williamson’s Sapsucker (Sphyrapi-

cus thyroideus); Fig. 2).
The significantly positive response to fire was, for several

species (e.g. PygmyNuthatch, Calliope Hummingbird, Cassin’s

Finch, Brown-headed Cowbird (Molothrus ater), Red Crossbill
(Loxia curvirostra), Pine Siskin, Red-breasted Nuthatch (Sitta
Canadensis), Hammond’s Flycatcher (Empidonax hammondii)

and Hermit Thrush (Catharus guttatus)), relatively restricted
to the lowest fire severity category (Fig. 2). A relatively large
number of additional species (MacGillivray’s Warbler (Geoth-
lypis tolmiei), Common Raven (Corvus corax), Pileated Wood-

pecker (Dryocopus pileatus), Western Tanager (Piranga
ludoviciana), Evening Grosbeak (Coccothraustes vespertinus),
Yellow-rumped Warbler (Setophaga coronata), Mountain

Chickadee (Poecile gambeli), Cassin’s Vireo (Vireo cassinii)
and Ruby-crowned Kinglet (Regulus calendula)) showed a
similar but non-significant response to fire.

Only six (12%) of the 50 species (Steller’s Jay (Cyanocitta
stelleri), Black-capped Chickadee (Poecile atricapillus), Gray
Jay (Perisoreus canadensis), Townsend’s Warbler (Setophaga
townsendi), Swainson’s Thrush (Catharus ustulatus) and
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Table 2. Bird species detected at survey points within burned or surrounding unburned mixed-conifer forest

The list excludes species detected on fewer than 11 points, riparian specialists, and raptors. The locationwhere a species wasmore frequently detected is shown

in bold. The last column shows the level of significance of any difference based on aChi-square test. The four-lettermnemonic code for each species is provided

in parentheses after the Latin binomial. Statistically significant differences are based on Chi-square likelihood ratio (P, 0.05*, P, 0.01**, P, 0.001***)

Species Burned (n¼ 1087) Unburned (n¼ 717) PA

Hits % Hits %

Dusky Grouse, Dendragapus obscurus (DUGR) 46 4.23 2 0.28 ***

Calliope Hummingbird, Selasphorus calliope (CAHU) 75 6.90 14 1.95 ***

Lewis’s Woodpecker, Melanerpes lewis (LEWO) 15 1.38 0 0 ***

Williamson’s Sapsucker, Sphyrapicus thyroideus (WISA) 58 5.34 14 1.95 ***

Hairy Woodpecker, Picoides villosus (HAWO) 244 22.45 21 2.93 ***

American Three-toed Woodpecker, Picoides dorsalis (ATTW) 38 3.50 4 0.56 ***

Black-backed Woodpecker, Picoides arcticus (BBWO) 76 6.99 0 0 ***

Northern Flicker, Colaptes auratus (NOFL) 275 25.3 35 4.88 ***

Pileated Woodpecker, Dryocopus pileatus (PIWO) 10 0.92 20 2.79 **

Olive-sided Flycatcher, Contopus cooperi (OSFL) 33 3.04 30 4.18 ns

Western Wood-Pewee, Contopus sordidulus (WEWP) 209 19.23 2 0.28 ***

Hammond’s Flycatcher, Empidonax hammondii (HAFL) 100 9.20 131 18.27 ***

Dusky Flycatcher, Empidonax oberholseri (DUFL) 285 26.22 102 14.23 ***

Cassin’s Vireo, Vireo cassinii (CAVI) 94 8.65 195 27.20 ***

Warbling Vireo, Vireo gilvus (WAVI) 96 8.83 142 19.8 ***

Gray Jay, Perisoreus canadensis (GRAJ) 8 0.74 64 8.93 ***

Steller’s Jay, Cyanocitta stelleri (STJA) 2 0.18 19 2.65 ***

Clark’s Nutcracker, Nucifraga Columbiana (CLNU) 43 3.96 15 2.09 *

Common Raven, Corvus corax (CORA) 16 1.47 22 3.07 ns

Tree Swallow, Tachycineta bicolor (TRES) 22 2.02 0 0 ***

Black-capped Chickadee, Poecile atricapillus (BCCH) 10 0.92 57 7.95 ***

Mountain Chickadee, Poecile gambeli (MOCH) 108 9.94 189 26.36 ***

Red-breasted Nuthatch, Sitta Canadensis (RBNU) 341 31.37 386 53.84 ***

White-breasted Nuthatch, Sitta carolinensis (WBNU) 79 7.27 10 1.39 ***

Pygmy Nuthatch, Sitta pygmaea (PYNU) 22 2.02 1 0.14 ***

Brown Creeper, Certhia Americana (BRCR) 12 1.10 17 2.37 *

Rock Wren, Salpinctes obsoletus (ROWR) 41 3.77 2 0.28 ***

House Wren, Troglodytes aedon (HOWR) 384 35.33 0 0 ***

Golden-crowned Kinglet, Regulus satrapa (GCKI) 2 0.18 120 16.74 ***

Ruby-crowned Kinglet, Regulus calendula (RCKI) 152 13.98 321 44.77 ***

Western Bluebird, Sialia Mexicana (WEBL) 123 11.32 0 0 ***

Mountain Bluebird, Sialia currucoides (MOBL) 403 37.07 8 1.12 ***

Townsend’s Solitaire, Myadestes townsendi (TOSO) 194 17.85 116 16.18 ns

Swainson’s Thrush, Catharus ustulatus (SWTH) 48 4.42 280 39.05 ***

Hermit Thrush, Catharus guttatus (HETH) 38 3.50 58 8.09 ***

American Robin, Turdus migratorius (AMRO) 241 22.17 164 22.87 ns

Orange-crowned Warbler, Oreothlypis celata (OCWA) 118 10.86 115 16.04 ***

MacGillivray’s Warbler, Geothlypis tolmiei (MGWA) 151 13.89 151 21.06 ***

Yellow-rumped Warbler, Setophaga coronate (YRWA) 394 36.25 462 64.44 ***

Townsend’s Warbler, Setophaga townsendi (TOWA) 55 5.06 281 39.19 ***

Chipping Sparrow, Spizella passerine (CHSP) 676 62.19 319 44.49 ***

Vesper Sparrow, Pooecetes gramineus (VESP) 14 1.29 1 0.14 **

Dark-eyed Junco, Junco hyemalis (DEJU) 441 40.57 390 54.39 ***

Western Tanager, Piranga ludoviciana (WETA) 295 27.14 372 51.88 ***

Lazuli Bunting, Passerina amoena (LAZB) 163 15.00 11 1.53 ***

Brown-headed Cowbird, Molothrus ater (BHCO) 164 15.09 74 10.32 **

Cassin’s Finch, Haemorhous cassinii (CAFI) 93 8.56 20 2.79 ***

Red Crossbill, Loxia curvirostra (RECR) 77 7.08 39 5.44 ns

Pine Siskin, Spinus pinus (PISI) 184 16.93 131 18.27 ns

Evening Grosbeak, Coccothraustes vespertinus (EVGR) 3 0.28 16 2.23 ***
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Golden-crowned Kinglet (Regulus satrapa)) were detected less
frequently after fire, regardless of fire severity, and their detec-
tion rates generally continued to decrease over time (Fig. 2).

Discussion

Following the most common approach to assessing fire effects,

we first looked at whether there were significant differences in
bird abundances between the burned and surrounding unburned
forest. The results from this analysis were consistent with those

reported in many other studies of fire effects on birds (see
Kotliar et al. 2002) – roughly half the bird species appeared to
benefit and half did not (Table 2). Unfortunately, this kind of

analysis hid positive responses that became apparent only after
accounting for fire severity and time-since-fire. By dividing the
burned-forest data into 15 combinations of fire severity and
time-since-fire, we found results that were more nuanced than

those obtained from a simple ‘burned vs unburned’ analysis.
Specifically, 30 of 50 (60%) of the bird species considered
were significantly more likely to occur inside the burned forest

(at 1 or more combinations of fire severity and time-since-fire)
than outside the burned forest. The distinct location of the
greatest probability of detection for any 1 species across the

2-dimensional fire-severity and time-since-fire gradient, com-
bined with differences in those locations among species (Fig. 2),
suggests that the bird occurrence patterns are accurate reflec-

tions of bird abundance and not artefacts of some kind of sam-
pling bias that might affect all species similarly. Other recent
work (Stephens et al. 2015) has also revealed that the locations

of peak abundances across a fire-severity/time-since-fire
gradient differ among species.

Many of these significantly positive responses would not

have been evident without partitioning the data into multiple
severity and time-since-fire categories. This kind of analysis is
difficult to conduct with data from any one fire because sample
sizes (the number of independent survey points in each severity-

by-year category) are generallymuch smaller thanwhat wewere
able to achieve here (Table 1). Even with the sample sizes we
achieved, we were still forced to use fewer categories than the

number used in the field to assess the statistical significance of
fire effects. Although each bird species responded uniquely to
the combination of fire severity and time-since-fire (Fig. 2), four

general classes of response are worth noting, along with some of
the most probable biological underpinnings behind each.

Response Pattern 1

This pattern is illustrated by species that showed an abrupt
increase in abundance within the first few years following fire,

and the elevated abundance persisted until the end of the 11-year
study primarily (but not exclusively) in locations that burned at
higher severities. Several woodpecker species (Black-backed

Woodpecker, Hairy Woodpecker, American Three-toed
Woodpecker and Northern Flicker) showed this response pat-
tern (Fig. 2). The biological basis behind the abrupt increase in

woodpecker populations is well established and unambiguous:
bark and wood-boring beetle populations increase as individual
beetles detect the newly created abundance of fire-killed trees.
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Fig. 2. Heat maps reflecting the log-odds ratio associated with the percentage occurrence in each combination fire severity and time-since-fire in

comparisonwith the percentage occurrence in unburned forest outside the fire perimeter for each of 50 bird species (four-lettermnemonic codes provided in

Table 2; species are organised by their average log-odds scores, from those that had a large average positive response to those that had a large average

negative response to fire). Hotter (more red) blocks represent positive responses to fire and cooler (more blue) blocks represent negative responses to fire.

The symbols correspond with Bonferroni adjusted P-values (B¼ 0.01,P, 0.05;þ¼ 0.001,,0.01; *¼P, 0.001). Thirty of 50 species (60%) were

significantly more abundant in burned forest at some combination of severity and time-since-fire than in unburned, mature green-tree forest.
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In turn, developing larvae provide food for woodpeckers, which
then respond numerically with an abrupt increase in abundance
during the first year or two after fire. Relatively rare species like

the American Three-toed and Black-backed woodpeckers are
known to appear within months after fire (Blackford 1955;
Villard and Beninger 1993; Villard and Schieck 1997). Their

abundances then increase at a rate that is more rapid than
expected if the increase were entirely the result of recruitment
from inside the burn, so the increases are undoubtedly associated

with colonisation by birds from outside the burned area, as
others have noted (e.g. Van Tyne 1926; Koplin 1969; Yunick
1985; Hoyt and Hannon 2002; Huot and Ibarzabal 2006; Siegel
et al. 2016). Perhaps the most iconic indicator of a severely

burned mixed-conifer forest throughout the Sierra Nevadas of
California, the Intermountain West and Canadian boreal forest
is the Black-backed Woodpecker (Hutto 1995; Hanson and

North 2008; Hutto 2008; Hutto et al. 2008; Nappi and Drapeau
2009; Swanson et al. 2011; Bond et al. 2012; Hutto et al. 2015).
Although its pattern of response to fire is notmuch different than

that of the American Three-toed Woodpecker, Hairy Wood-
pecker or Northern Flicker (Fig. 2), the key difference between
this woodpecker and the others lies with the extent to which the

species is restricted in its distribution to burned forest condi-
tions. Other woodpecker species occur in green-tree forests to a
much greater extent than the Black-backedWoodpecker; hence,
the Black-backedWoodpecker is a better ‘indicator’ of severely

burned forest conditions. The relatively high Black-backed
Woodpecker occurrence rates across an 11-year period is
somewhat surprising given the existing literature (Apfelbaum

and Haney 1985; Hutto 1995; Murphy and Lehnhausen 1998;
Hobson and Schieck 1999; Hoyt and Hannon 2002; Saab et al.

2007), which suggests that a 4–8-year window of opportunity is

about all one can expect for this species before they begin to
decline in abundance. It may very well be that the mixed-
severity fire allowed this species to persist longer in this study
than in most others because there was an abundance of weak-

ened trees in the moderate- to low-severity border areas, which
continued to provide adequate food resources after conditions in
the more severely burned portions became less suitable. This

mechanism of persistence beyond durations expected on the
basis of averages gleaned from the literature has been suggested
to operate elsewhere as well (Nappi et al. 2010; Dudley et al.

2012).
Other bird species (e.g. Cassin’s Finch; Clark’s Nutcracker,

Nucifraga columbiana; Red Crossbill; Pine Siskin) that appear

to respond abruptly and positively to more severe fire, do so for
reasons that are most likely related to the abrupt increase in
availability of seeds that are retained in cones that open in
response to fire. Still other species in this group respond quickly

to what is probably an increase in the availability of the
combination of nest sites associated with standing-dead trees
and open areas for foraging either on the ground (e.g. Western

Bluebird and Mountain Bluebird) or in the air (e.g. Western
Wood-Pewee) or to an increase in the availability of relatively
predator-free nest sites at ground level from burned-out roots

and root wads associated with wind-thrown trees (e.g. Rock
Wren; Townsend’s Solitaire; Dark-eyed Junco, Junco hyema-

lis). The Olive-sided Flycatcher (Contopus cooperi) makes
special use of nest sites that are located in green-needled or

brown-needled trees on the edges of severely burned forest
where they can sally into the openings created by crown fire.

Response Pattern 2

This pattern is illustrated by species that showed a slightly
delayed increase in abundance, primarily (but not necessarily) in

locations that burned at higher severities. If we had confined the
study to the first year or two after fire, these positive responses to
fire would have gone undetected. One of these species (Vesper

Sparrow) appeared after a brief delay in the development of
suitable grass-dominated patches, while several others (e.g.
Dusky Grouse; Lazuli Bunting; Orange-crowned Warbler,
Oreothlypis celata) were probably responding to the develop-

ment of suitable shrub and seedling layers for foraging and
nesting, which variedmarkedly from one place to another within
the burn perimeter. Still other species (e.g. House Wren,

Troglodytes aedon; Lewis’s Woodpecker; Tree Swallow;
Williamson’s Sapsucker) were probably responding to a
delayed increase in the availability of cavity nest sites that

became available either after they were excavated by wood-
peckers soon after fire or after the larger standing-dead trees
began to softenwith decay and breakmore easily in wind events.

The House Wren clearly benefitted from tree blowdown and
breakage events that occurred in the first 6 years after fire; its
abundance grew steadily to the point that it was the most
abundant species in severely burned forest patches 6–11 years

after fire.
Several authors (e.g. Hutto 1995; Gentry and Vierling 2007;

Saab et al. 2007) have recognised a delayed increase in popula-

tions of Lewis’s Woodpecker following severe fire, and it is
clear that the benefit of severe fire to this woodpecker species
would not have been detected in this study had the data

collection period been restricted to the first few years after
fire. The delayed positive responses of other species (e.g.
Williamson’s Sapsucker and White-breasted Nuthatch) have
not been described previously and they are notable, as we

discuss more fully below. Williamson’s Sapsucker is notewor-
thy in that its distribution was nearly restricted to edge condi-
tions between unburned forest patches (where it fed on sap of

living trees) and adjacent burned forest patches (where it nested
in relatively large, decayed or broken-topped trees that became
abundant after wind events in severely burned patches created

them a decade or so after fire). The delayed increase in White-
breasted Nuthatch detections may be related to the increase in
availability of insects beneath thick bark after the bark began to

peel away from, or slough off, dead Ponderosa Pine, Western
Larch, andDouglas-fir. Finally, the delayed increase byWestern
Bluebird represents a pattern that has received considerable
attention (Duckworth and Badyaev 2007; Duckworth 2008,

2009; 2010, 2012; 2014); Western Bluebirds are not as well
adapted as Mountain Bluebirds are to colonise burned forests
early on after fire, but once they colonise, they are better suited

to outcompete the Mountain Bluebird in severely burned hot
spots.

The pattern of a rapid increase in abundance illustrated by

species listed under the first response pattern is well described
and well appreciated, but the second pattern of a delayed
increase in severely burned forest patches is not widely appre-
ciated because the use of a single ‘after fire’ category in many
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previous fire effects analysesmay have hidden the influence of a
delayed response. For example, of the 11 published studies of
bird communities in burned and unburned forests reviewed by

Kotliar et al. (2002), none separated the effects of fire severity or
time-since-fire. Since that time, numerous authors (Hannah and
Hoyt 2004; Saab et al. 2004; Smucker et al. 2005; Kirkpatrick

et al. 2006; Schieck and Song 2006; Kotliar et al. 2007; Saab
et al. 2007; Hutto 2008; Kotliar et al. 2008; Pons and Clavero
2010; Nappi and Drapeau 2011; Saracco et al. 2011; Stephens

et al. 2015) have included either fire severity or time-since-fire
in their analyses of fire effects, and all of these authors
concluded that it is important to do so. This study serves to
reinforce the idea that fire effects cannot be accurately assessed

in the absence of knowledge about the context surrounding a
particular sample location and that includes, but is not limited to,
fire severity and time-since-fire.

Response Pattern 3

This pattern is illustrated by species that revealed a fairly abrupt
or slightly delayed increase in abundance within the first year or

two following fire, but the positive response is limited to loca-
tions that burned at lower severities. This group includes species
that have previously been labelled as ‘mixed’ responders in
meta-analyses of fire effects (e.g. Kotliar et al. 2002) because

they respond positively to fire in some studies and negatively to
fire in others. Our results suggest instead that these species do
not respond to fire unpredictably; it is just that their response

depends on fire severity. For example, some of these species
maintained an elevated occurrence rate in locations that burned
at a lower severity throughout the duration of the 11-year study

(e.g. Brown-headed Cowbird, Red Crossbill, Red-breasted
Nuthatch, Western Tanager and Ruby-crowned Kinglet), while
others showed a positive but brief response to low-severity fire

only for a brief period following fire (e.g. Common Raven;
Brown Creeper, Certhia americana; Pileated Woodpecker;
Evening Grosbeak; Yellow-rumped Warbler; Hammond’s
Flycatcher; Hermit Thrush). For those species that showed a

sustained (albeit small) positive response to low-severity fire, a
predominantly green-tree forest that burned recently at low
severity might actually provide a forest condition that is more

suitable than a long-unburned green-tree forest. The species that
revealed a brief and limited increase in abundance only during
the first year or two following fire may reflect an influx of

individuals returning fromwintering locations only to findmany
of their previously occupied locations too severely burned, so
they then proceeded to squeeze into unburned or lightly burned
forest near previously occupied forest patches. If true, their

relatively high abundance in mildly burned forest may not
reflect suitable conditions, but may be a reflection of birds
making the best of a bad situation. A key question for future fire

research would be to determine whether increases in numbers of
detections after recent fire in mildly burned green-tree stands
reflect conditions that are better in quality, even if only briefly,

than long unburned green-tree stands for this group of species.

Response Pattern 4

This pattern is illustrated by the six species that were less

abundant in burned than in unburned forest immediately

following fire and appeared to become even less abundant
across the 11-year time span. For each of these species, therewas
no combination of fire severity and time-since-fire that resulted

in detection rates that were as great as they were in unburned
forest. Perhaps these species do not benefit in any way from fire.
Indeed, many authors would be quick to classify the species

associated with this group of six species as ‘negative respon-
ders.’ However, we know that the abundances of each of these
six species will be lower in recently burned forests only in the

short-term. This was only an 11-year study, and we know that
these same species will reach their highest occurrence rates in
the years to come. If those occurrence rates reach a peak at some
point in the future before falling againwhen the forest reaches an

even older age, then those species would also bemore accurately
classified as positive responders; it is just that the time required
to show a relatively high abundance is longer than the length of

the present study. Even a rudimentary knowledge of natural
history suggests that many bird species (e.g. Orange-crowned
Warbler, MacGillivray’s Warbler, Calliope Hummingbird and

Lazuli Bunting) benefit from high-severity fire, but the greatest
positive response cannot usually be detected until somewhere
between 10 and 30 years following severe fire when plant suc-

cession produces a high density of conifer seedlings and shrubs.
Similarly, the six species in this last group could be said to
benefit from fire if forest conditions associated with, hypo-
thetically, a 300-year-old forest are not as good as forest con-

ditions associated with a 100-year-old forest because the only
way optimal conditions for these species could be ‘restored’
would be through a severe fire event that creates their preferred

habitat 100 years later. Interestingly, Taylor andBarmore (1980;
Table 2) showed precisely that pattern for Ruby-crowned
Kinglet, Yellow-rumped Warbler and Hermit Thrush in

Yellowstone and Grand Teton National Parks – those species
that are more abundant in century-old than in either younger or
older forests. Using the same logic, even a species that is more
abundant at year 300 than at year 700 following fire wouldmean

that severe disturbance (disturbance severe enough to trigger
ecological succession) is necessary to ‘restore’ appropriate
forest conditions for that species too (see also Imbeau et al.

1999, Schieck and Song 2006; Zhao et al. 2013). The important
point is that we cannot assess the effects of fire without data on
bird abundances from a more extended series of forest ages

following fire.

Caveat and management implications

Because the bird occurrence rate at unburned points was based
on a different set of years than the occurrence rate for any one of
the two-year post-fire samples, it is possible that a significant

difference in the abundance of any one species between the
unburned and a particular fire severity/time-since-fire category
resulted from a temporal change in abundance independent of

fire effects. However, even though our results emerged from a
single fire event that may be best considered a case study, a
previous study of bird occurrence patterns across hundreds of
fires over the past 30 years (see Hutto et al. 2015, and references

therein) suggests that the individual species’ responses make
good biological sense and are not artefacts of unusual increases
or declines in bird abundance independent of fire effects.

Nonetheless, these findings should serve as hypotheses to be
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tested through replication of independent samples drawn from
different time-since-fire categories. Only through use of a
chronosequence approach (Hutto and Belote 2013) will we be

able to generate the replication of burned-forest conditions
necessary to evaluate fire effects in amanner that will allow us to
appreciate how both fire severity and time-since-fire create the

conditions needed by birds that respond positively to fire.
The take-home lesson here is that we cannot rely on tradi-

tional ‘burned vs unburned’ comparisons presented in most

published reports on fire effects to assess whether species
respond positively or negatively to fire. Fire severity, time-
since-fire and other forest conditions matter to organisms that
respond positively to disturbance, therefore we will have to

consider the kind of forest, tree sizes and densities, fire severity
and time-since-fire if we want to investigate fire effects in a
biologically meaningful way. By considering the effects of just

two of those forest conditions here, it is clear that the majority of
species increases in abundance during part or all of the first
dozen years after fire, as evidenced by significant differences in

rates of detection inside vs outside burned forests. Thus, we
cannot gain a thorough understanding of fire effects through
results that emerge from short-term, before-and-after studies;

we need to know more about the occurrence rates of species
across very long time spans if we are to speak knowledgably
about the effects of fire on any particular species. Our finding
that 60% of the bird species surveyed are most abundant in some

stage of forest succession following fire than they are in mature
forest is undoubtedly a conservative estimate of the proportion
of species that benefit from fire because our data cover only a

relatively short 11-year period following fire.
Not only are there unambiguous responses by the majority of

bird species to fire, but the responses are also highly dependent

on a spatial component associated with fire severity. As sug-
gested by earlier work that included fire severity as an indepen-
dent variable (e.g. Smucker et al. 2005;Kotliar et al. 2007, 2008;
Vierling and Lentile 2008; Stephens et al. 2015), fire severity

has a dramatic influence on the probability of occurrence of bird
species. The same patternwas true here for nearly all species that
were detected on at least 10 points. Some species are clearly

most abundant in the less severely burned forest patches, while
others are clearly most abundant in the more severely burned
patches. This result is important because it implies that mixed-

severity fire effects are necessary for the creation of conditions
needed by the variety of bird species that respond positively to
fire. Even more importantly, the variety of burned-forest con-

ditions favoured by different bird species may be difficult to
create through a prescription of low-severity understory fire
applied outside the normal fire season, because such fires do not
generate the higher-severity patches needed by the species that

are relatively restricted to forests that have burned severely
(Hutto 2008). In addition, land management practices designed
to prevent or eliminate severe fire will also eliminate the very

conditions required by many of the species highlighted here, as
will post-fire salvage logging, which has been documented to
have overwhelmingly negative effects on birds – effects that are

among the strongest and most consistent scientific results ever
published on any wildlife management issue (Hutto et al. 2015).

Ecologists have long known that severe, stand-replacement
fires are characteristic of some (mostly subalpine) forest types

(Brown and Smith 2000), but many forest managers and most
politicians along with the public at large are still remarkably
uninformed about the naturalness and necessity of severe fire in

vegetation types born of, and maintained by, severe fire (Hutto
et al. 2016). Even more striking is the near absence of an
appreciation for the naturalness and necessity of severe fire in

the low- to mid-elevation mixed-conifer forest types, even
though severe fire events that create patches of severely burned
forest are a natural and important part of those forests too (Baker

et al. 2007; Hessburg et al. 2007; Baker 2009; Margolis et al.
2011; Perry et al. 2011; Baker 2012; Heyerdahl et al. 2012;
Marlon et al. 2012; Veblen et al. 2012; Williams and Baker
2012a, 2012b; Odion et al. 2014; Sherriff et al. 2014; Williams

and Baker 2014; Baker 2015a, 2015b; Baker and Williams
2015; Yocom-Kent et al. 2015; Hutto et al. 2016). For the
lower-elevation mixed-conifer forest types, such as the forest

studied here, it is quite clear that some amount of severe fire is
natural and that large numbers of bird species benefit from the
severe-fire component. Given these results, the challenge is to

educate land managers, politicians and the public at large about
the importance of maintaining severe fire on the landscape and
to design fire-safe communities that can withstand the effects of

severe fire disturbance events (Hutto et al. 2016). Only then will
we be in a position to manage for appropriate amounts and sizes
of severely burned forest patches that occurred historically and
to celebrate the creation of mosaics of different fire severities

and post-fire ages that follow directly from severe fire as a
natural disturbance process.
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