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Positive effects of fire on birds may appear only under 
narrow combinations of fire severity and time-since-fire 
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Abstract. ·we conducted bird surveys in l O of the first 1 [ years following a mixed-severity fire in a dry, low-elevation 
mixed-conifer forest in western Monlanu, United Stat.es. By defining fire in terms of fin: severity and time-since-fire, and 
then comparing detection rat~s for species inside 15 combinations of fire severity and time-since-fire, with their rates of 
detection in unburned (but othen•:ise similar) forest outside the btim perimeter, we were able to assess more nuanced 
effects of fire on 50 bfrtl species. A majority of species (60%) was detected significantly more frequently Inside than 
outside the bum. It is likely tlmt the beneficial effects of fire for some species can be detected only under relmivelyna.rrow 
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 fircadependent bird species cannot be cremed through the application of 
relatively unifonn low-severity prescribed fires, through land management.practices that serve to reduce fire severity or 
through post-fire salvage Jogging, 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 (Kot!iar e;; ai. 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 ex.treme including the 
American Tirree-toed Woodpecker (Picoides dorsalis), Black­
backed Woodpecker (Picoides arcticus), Mountain Bluebird 
(Sialia cum1coides) and Tree ::;wallow (Tachycinela bicolor)) 
are relatively abundant in burned fore~t conditions. One (the 
Black-backed woodpecker) is even relatively restricted in its 
distribution to such conditions. For example, Hutto (l995l 
reported thal 15 species were more abundant in burned forests 
than they were in any of the other t 4·vcgetation types included in 
his meta-analysis. This carries important management impli­
cations because those species may depend to a !arge 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 !egging, seeding, 
tree planting and removal Of native shrubs (Saab and Dudley 
1998; Kotliar er al. 2002; DcilaSala I!! al. 2006; Hutto and Ga.Jin 
2006; Hutto 2008; Saab et al, 1009; SwansGn ,il al. 20 [ ! ; 
I)eilaS11la c.:r al 2014; Tingley e! al. 2014\. 
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Until very recen!ly, studies of fire effects did not distinguish 
the effects of !ow-severity, mixed-severity and high-severity 
fires. Therefore, reported responses of species were oftentimes 
different from one study to the next, and tenns like 'mixed 
responder' we~ included in tables generated from synthetic 
work on fire effects (Kot1far et al. 2\J02). Kot!iar 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 er al. (2005) 
characterised the severity of the fire surrounding each ofa 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 predicrab!y to fire, but 
that the type of response (positive or negative) depends strongly 
on fire severity. Subsequently, numerous studies (e.g. Covert­
Brotland et at. 2006; Kirkpatrick £'/ al. 2006_; Conway and 
Kirkpatrick 2007; Koivula and Schmiegetow 2007; Kot!lar 
et al. 2007; Hanson and Nonh 2008; Kotlfor el a!. 2008; Vierling 
and Lenti!e 2008: Nappi el aL 2010; Nappi and Drapeau 2011; 
Dl1d!eye1aL 20[2: fontaine;mdK.ennedy2012; leeetaf. 2011; 
Lindenmayer et al. 2014; Rush et af. 2012; Hutto «I al. 2015; 
Stephens e1 a{. 20 !5) have demonstrated a marked effect of lire 
$everity 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 eur!y vs !ater stages of succession 
after fire in their mm.!yses of bird occurrence patterns (Taylor 
!973, \979; Taylor and Bannore 1980; Raphael et aL 1987; 
Breininger and Smith l 992; Hutto el a/. 1995; Fyke d al. 1995; 
Ganey~·taL 1996; Wninarskierai. !999; Bechtoldt;md Stouffer 
2005; Covcrt-Bratlando?ta/. 2.006; Smib et al_ 2()07; Vicrlingami 
Gemry WOS; Bro\\m et a!. 2009; Ctmlmandricr et al. 2013; 
Holmes et al. 20! 3; Hutto er ul, 2D !5), Taken together, results 
from the~e two kinds of studies suggest that the simultaneous 
consideration of severity and lime-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 Moun1ain fire, a 3500-ha, 
lightning-caused, mixed-severity lire thal burned through a 
lower-elevation dry, mixed-conifer foresl immediately wesr of 
Missoula, Monlana, 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 continuwn with their occurrence rates in surround­
ing unburned forest of the same vegetation type. This study was 
designed to test wheti1cr 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 !he 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 (LarLc-occfdentalis), 
Lodgepole Pine (Pinus contona), and Doug!as-fir(Pseudotsuga 
menr:iesii) on 8 August as the result ofa lightning strike. The fire 
burned slowly unlll it grew rapidly on 16 August when it spread 
across 1500 ha in 2 hand prompted the evacuation of 130 homes; 
it eventually burned - 3500 ha. The spatio-temporal effects of 
the Black MounLllin fire ;md their relationship with wildii'.!Ud 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. 1004; Hudak el ed. 
2007; Lentile el at. 2fl07). 

Overall design 
There ate limits to case history studies of single fire events due to 
the luck of creatment replication, but it is nearly impossible to 
attain true treatment-level replication of severe-fire events in 
either i'.lU experimental or natural fashion; case studies are sine 
qua non in fire ecolo1,>y (HargrtlVe and Picke.ring 1992). 
Therefore, fire eco!ogisrs must take advantage of individual 
opportunities that arise, and then rely on meta-analyses at some 
point in the future to understand the ext(mt to which results can 
be snfety generalised more broadly beyond any single event. 
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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 ofb]rd specie;; in the study area were likely to 
have been before the !ire by drawing samples from a subset of 
the Northern Region Landbird Monitoring Program database 
(Hutto and Young 2()02). Point-count locations were positioned 
in unburned but otheiwise similar idry, low-e!evafam, mixed• 
conifer) forest within a ! OO-km2 block centred on the fire using 
methtids identical to those used in this study {Fig. ! ). We used 
data from lhe 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, vezy small relative to variation 
among vegetatfon cypes. Therefore, the !arge number ofpoinl~ 
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' oeew-rence 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 bumed area, 
spacing points no closer than - 200 m from any other point. 
Beginning 9 months after U1e fire and for l O oft he first 1 ! years 
following the fire, one of the authors (RLH) visited an average of 
100 (range= 77-127) points every post-fire year except 2008 
within a 6 x 2 km rectangle that covered the south-east ponion 
of the fire (Fig. l ). T11e survey locations were well distributed 
across the·studyareaineach 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 oae year; specifically, 
the numbers of points visited from I to 10 times across years 
were 80, 37, 29, 14, 17, 41, 39, t2, 9 aud l, 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 
visited more than once in a given year, we rnn<lom ly selected one 
of the visits for analysis. Thus. data associated Vvith each point 
are represented by a single· visit in each year. A summary of 
survey effort (numbers ofindependentsurvey poims) across the 
combinations of fire severity and time-since-fire are presented 
in Table L 

Bird surveys 
Point counts were conducted during the height of!lie breeding 
season every year (last week ofMay to the first week ofJuly) and 
lower elevations were visited earlier in the season than higher 
elevations. On a giV<":n visit to each point, we used standard 
ro-min point-countmethodology (Hutto el al. l 986; Ralph ei; 11/. 
1995) to record the,distance to and identity of each bird detected 
by either sight or sound between 0630 and l 130 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 I 00 m 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 
~everity surrounding the point. 
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Flg, l. The small rectangle encloses the bird survey points !hat werepoaitionedwithin the2003 Black Mountain fire perimeter 5 lan 
west of Missoula, Montana, The largor IOO-kni2 area surrounding the recinngle shows the locations of the' 717 unburned-fore~! bird 
survey poi?ts outside ihe !ire perimeter. Source: Google Earth, 

C 

Table l, The number ofindependent surveys {point-counts) tllat were conducted in each combination oflime.-5inre-fire and fire severity within the 
Black Mountain frre near Missoula, Mon ta 03, USA 

Fire severity (tree.mortality) 

2004--2005 2006-20()7 

l--40% 35 36 
41-80% 47 5) 

>80% JOO 97 

Statistical analyses 
Because th.e numbers of individuals of any one species are 
notoriously difficult to estimate during a J 0-min count, the most 
reliable information that can be obtained from a point count is 
the,prcsence or absence ofa species (Hutto 2016). Therefore, we 
recordeP the species detected within a fixed, 100-m radius sur­
rounding each survey point and used the proportion of points ai 
which a species was detected (naive occupancy) as a response 
variable to reflect bird abundance. We did not employ occu­
pancy modeUing (MacKenzie et al. 2006) or distance sampling 
to estimate bird density (Buckland et al. 200 I) because points 
were visited only once in a given year, Sample sizes for most 
species were too small to estimate reliable detection fonctions 
and mean detection distances to al! 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; /·= - l. !4, d,f. ""· 15 810.P=0.26). ln additton, several 
fundamental assumptions associated with dlst,mce sampling 

Two---year interval 

2009-20)0 201 !-20!2 2013-2014 

~, 59 57 
65 85 97 
84 l08 126 

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 acc~te esti­
mates ofthe numberofind!viduals of each species sun:oundinga 
poim !11\d (4) obst.'fvers can obtain accurate estima1es 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 
thar might be present in unadjusted data. Johnson (2008) also 
discusse(j_ instances where simple indices; $UCh 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 tJ1e patterns we describe are not 
artefacts of detection bias, we conducted an .additional analysis 
based On data dm.,wn from a very limited 50-m radius, where 
d<::tections can be assumed to be veiy near J 00% for most spe­
cies, none of I.he bird distribution patterns was affocted by the 
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use of this more restricted dataset. Analyses were conducted on 
50 specie~ that were detected on at least l 0 point-counts (either 
inside or outside the fire perimeter), were not wide•ratl!:,'lllg large 
rnptors and were not restricted to -riparian or wetland habitats 
embedded with.in the mixed¥conifer forest. 

We staned with a traditional analytical approach, where we 
used Chi-square test ana!y,scs to investigate whether the proba­
bility of occurrence of any given bird species differed signifi­
cantly between burued and unbumedpoints. We then conducted 
a more refined analysis to asse$s 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 ~maller-scak 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 (l-40%,41-80%and 81-
[00% tree mortality) and 5 2-year periods (2004-2005, 2006--
2007, 2009-20 to, 201 l·-2U12 and 2013-20 !4), 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 ~omc O counts, 
we added 0,5 to al! counts for all species (Agn:-:sti 2002). The 
odds ratio for fire severity level i and time period} for a given 
species is: 

(x,11 + 0.5)/(xu11 + 0.5) 
(:rbl + 0.5)/(XbO +0.5) 

where XijJ and X;;u are the numbers of points where the species 
was and was not detected, in fire severity level i dudng time 
period}, andxb! and.-rw are the analogous counts forthe outside­
fire base (labe!led2003 along the yeara-.is, but representing data 
from outside the bum, regardless of year that the data were 
collected). An approximate standard error for !og fl,; is lAgrestl 
2002): 

SE log/J·· - ---+---·"---"---• • ( I I l l )'/' 
( y)- xi/1+0.5 xyu+0.5'xv1+0.s·xr,o+O.S • 

To assess the statistical significance of the odds ratio we 
computed 'i:if '""' logbu/SE(logfl;;) (the expected value or the 
log-odds ratio is O when the true-odds ratjo is I). Becallse we 
ran over 700 comparisons in total, we calcu!atcd Bonferroni­
adjusted ?-values to provide an estimate- of the statistical 
significance associated with each odds ratio. All data mariipula­
tion and plots were conducted in R (R Core Team 2014) using 
packages dplyr(Wickham and Francois 2015), tidyr(Wickham 
20 ! 4) and ggplot2 (Wickham 2009). 

Results 

We detected a total of 107 bird species in the combined dataset 
drawn from burned and unburned forests, and 50 of those species 
metrarget requirements for inclusion in analysesns described in 
the methods (Table 2). By i,trouping points into iwo categories 
(burned-forest and unburned-forest points) and then calculating 
the percentage occurrence rates of each species inside and 
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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-fue 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 ofthe occurrence rates for a 
species in each combination of rue severity and time-slflce-fire 
and its occnrrence rale in unburned forest outside the fire 
perimeter (Fig. 2). 

Fourteen (28%) of the 50 species revealed significantly 
greater abundanc.;s within than outside the burned forest within 
2 years following fire, most commonly in the moderate or 
severely bt1nied forest patches (Fig. 2). These Included four 
woodpecker species (Black-backed Woodpecker, Hairy Wood­
pecker (Picoides villos11s), American Three-toed Woodpecker 
and 'Northern Flicker {Colaptesa11ta111s)) several thrush species 
(Western Bluebird (Sialia Mexicana), Mountain Bluebird, 
To',VI!scnd's Solitaire (Myadestes tow11Sendi)), two flycatcher 
species (Western Wood-Pewee (Contopus sordidu/us) and 
Dusky Flycatcher (Empiduna.x: oherliolsen)), and two seed­
eating specialists {Cassin;s Finch (Haemorhous cassinii}_, Pine 
Siskin (Spinw,· pinusj), among others (e.g. Rock Wren 
(Salpinctes obsoletus), Lazuli Bunting (Passerina amoena), 
Chipping Sparrow and (Spiwlfa passerina)). 

Several additional species exhibited significant but delayed 
increases in abundance within the burned forest (e.g. Tree 
Swallow; Lewis's Woodpecker (Me!anerpes lewis), Pygmy 
Nuthatch (Silla pygmaea), Dusky Grouso (Dendragapus 
-obscurus), Vesper Sparrow (Pooecetes gramineus), White­
breasted Nuthatch (Sitra carolinensis), Calliope Hummingbird 
(Se/u:;phorus calliope) and Williamson's Sapsucker (Sphyrapi­
cus thyroidenf); Fig. 2). 

The significantly positive response to fire was, for several 
species (e.g. Pygmy Nuthatch, CalHcpe Hummingbird, Cassin's 
Finch, Brown-headed Cowbird(Molothrus aterJ, Red Crossbill 
(Loxia cw--virostra), Pine Siskin, Red-breasted Nuthatch (Si11a 
Canadensis), Hammond's Flycatcher (Empidonax ftammondii) 
and Hermit Thrush (Catharus guttatus)), relativ.ely restricted 
to the lowest fire severity category (Fig. 2). A relatively large 
number of additional species (MacGil!ivray's Warbler (Geoth­
(vpis tolmiei), Common Raven (Corvus corax), Pilealed Wood­
pecker (Dryocopus pifeatus), Western Tanager (firanga 
ludoviciana), Evening Grosbeak (Coccothraustes vesperttnus), 
Ycllow-nunped Warbler (Setophaga coronata), Mountain 
Chickadee (Poecile gambeli), Cassin's Vireo (Vireo cassinii) 
and Ruby-crowned Kinglet (Reg1.1/us calendu{a)) showed a 
similar but non-significant response to fire. 

Only six, ( 12%) of the 50 species (Steller's Jay (Cyanocitta 
std/en/, Black-capped Chickadee (Poecile alricapillus), Gray 
Jay (h:risoreus canadensis), Townsend's Warbler (Setophaga 
1owtL1·endi), Swainson's Thrush (Cai/Janis ustufa1us) and 
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Table 2. .Bird species detected at snrveypo!nts Within burned or surrounding unburned mixed-conifer forest 
The I fat e:,:dudes sp~cies detected on ft:w,erthan 11 points, riparian specialists, and raptors- The location where a species was more frequently detected is~hown 
in bold. The last column shows the level of significance ofany difference based On a Chi-~quarc tci;t. The fo11,-kucrmnemonic code for ~acb species IS pro"ided· 
in ptuenthe.ses after the Latin bmomial. Statfalically significant differenc~s are based on Chi-square likelihood ratio (P <0.05*, P< 0.01 ,.._. P< 0.00JU~) 

Species Burned (11 = !087) Unburned{11=7!7) pA 

Hits % Hils % 

Dw.;ky Grow.;e, Dendragapus ohxcunts/DUGR) '6 ''" 2 028 ••• 
Calliope Hummingbird, Sdasp/wn,s.calliope (CAHU) 75 ,so " 1.95 ... 
Lewis'~ Woodpeckl!r, Mefa11erpes lewis (LEWO) 15 1.38 0 0 ... 
WiHinmson 's Sapsucker, SphyropiCJ<S thyroideus (WJSA} 58 5.34 " 

1_<}5 ... 
Hairy Woodpecker. Picqlde$ villbsus (HA WO} 24' 22.45 " 2.93 ••• 
American Three-toed Woodpecker. Picoide.i dorsa/rs (ATTW} JR 330 4 0.56 ... 
Black-backed Woodpecker, P/c:oides arcticm (BBWO) 76 6.99 0 0 H¥ 

Northern Flicker, Cafaptes aura11,:, (NOFL} 275 153 35 4.88 ... 
Pi[eated Woodpecker. Dryocopus pifemm,· (PIWO) w 0.92 20 2.79 •• 
Oli,·~-sided flycatcher, Cofl/op1,s cooperi (OSFL) 33 3.04 JO 4.i8 "' Western Wood-Pewee, C.onlopus sordid,;fus (WEWP) 209 19.23 2 0.28 ••• 
Hammond's A ycatchcr, £mp/don~ /rammondii (H AFL) 100 9.20 131 18.27 ... 
Dusky Flycatcher, £mpidom1x aberhnl;eri (DUFL) 285 26.22 !()2 !4.23 . ., 
Cassm's Vireo, Vireo ,·assil!fi (CAV!} " 8.65 195 27.20 ,., 
Warblirrg Vireo, Vtrea gifrus (W AVf) % 8.83 1'2 19.8 

,,. 
Gray Jay, Perisoreus ca11adensis (ORAJ) 8 0.74 " 8.93 ... 
Steller'g Jay, Cyanocilla stelleri (STJAJ 2 0.l8 19 2.65 ~~* 

Clark's Nutcracker. Nuc!fi-aga Cofonlbiana (CLNU) 43 J.96 15 2.0.9 • 
Common Raven, Corvus corm: (CORA) 16 !.47 22 3.07 "' Tree Swallow,, Tad,ycine/11. bicolor (l'RESJ 22 2.02 0 0 ... 
Black-capped Chickadee, Poeci/c a/ricapil/us (BCCH) iO 0.92 57 7,95 ... 
Mountain Chickadee, Poecife gambdi (MOCH) !08 9.94 189 26.36 ... 
Red➔breasted Nuthatch, Sit/ii Canadenszs (RBNU) 341 J1.37 386 53.84 ... 
WhiK'-brcaste_d Nuthatch, Sitra caro/ine11sl1 (WBNU) 79 7.27 iO 139 ... 
l>ygmy Nuthatch, Sura pygmaea (PYNVl 22 2.oz 0.14 ... 
Brown Creeper, Cenhia Amer/calla (BRCR) 12 l.Hl 17 237 • 
Rock Wren, Sa{pinctes obsoletus (ROWR) 41 3.77 2 0.28 ••• 
Ho11oc Wren. Troglodytes aedrm (HOWR) 384 35.33 0 0 ... 
Golden-crowned lGnglel, Regu!,,s sa/Papa (GCKl) 2 0.18 120 16.74 ••• 
Ruby-cro\\'lled Kinglet, Reg,,bi.r ca/endu/a (RCK.l) 152 13.98 321 44,77 ••• 
Western Bluebird, Si"aliaMe;<icana (WEBL) 123 11.32 0 0 ... 
Mountuin Bluebird. Slalia ctirmcoide,i {MOBL) 403 37.07 8 1.12 ... 
Townsend's Solitaire, Myadestcs /ownsendi (TOSO) 19' 17.85 116 )6.)8 "' Swain.~on's Thru~h, Ca/hams ustu/atus (SWTH) '8 4.42 '80 3\1.os H~ 

Hermit Thrush,-Cat/,an,i gt.II/at us (H.ETH} JS 3.50 58 8.09 ... 
American Robin, Tritd11s mlgratmius (AMRO) 24! 22.17 16' 22,87 "' Orange-crowned Warbler, Oreotli(ypis celma (OCWA) 118 10.86 !15 16,04 ... 
MacGi!livray's Warbler, Geo/h/ypis /Q/miei (MGWAj 151 13.89 151 2I.n6 ... 
Yellow-rumped Warbler, Setophaga coronate (YRWA) 394 36.25 '" 64.44 ... 
Townsend's Warbler, Setophaga towm,endi {TOWA) 55 5.06 281 39.19 ... 
Chipping Sparrow. _SplJi.ella passerine (CHSP) '676 62.19 319 44.49 ••• 
VC!iper Sparrow. Pooece1es gram/neus (VESP) " 109 ' 0.14 .. 
Dark-eyed Junco, Ji,nco hyemalis [DEJU) '41 40.57 390 54.39 ••• 
Western Tanager, Pira.ngu ludoviciana (WETA) 295 27.14 372 St.88 ... 
Lazuli Bunting, Passerina amoena (LAZB) 163 15.U0 II 1.53 ... 
Bmwll-headcdCowbirtl, Molothmsater (BHCO) '64 15.09 " l0.32 •• 
Cassin's Finch, ffaemorhous cassiJJ/i (CAFJ) 93 8.56 20 2.79 ... ~ 
Red Cro.s,;bill, Loxia cuivirastra (RECR) 77 7.08 39 '5.44 "' Pine Siskin. Spinuspin~s (PIS!) 18' !6.93 131 18.27 "' Evening Grosbeak, Coccnthrous1e11 vespeninu., (EVGR.) J 0.28 16 2.23 ... 
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Flg. 2. Heat maps reflecting the log-odds ratio associated witli the pcn::cntage occurrence in each combination fire severity and timc-since-firi: in 
comparison w!lh. \he pcn:enlage occurrence in unburoed forest outside lhe fire perimeter for each nf50 bird species (four-letter mnemonic codes pm,·ided in 
Tabk 2; species am organ;sed by their average log-odds scores, from those 1hal had a iarge average positive response to those that had a large average 
negative respo~,;e to fire). Hotter(moro red) blocks representpositivere,,ponscs to fire and cooler(moru blue) blocksropresent negative responses to fire. 
Thesymb<JIS correspond with Bonferroniadjustcd P-value.~f◊ =0.0! < P <0.05; +=0.001 < <0.01;'" =P<().001). Thirtyot'50 ~pecies (60%) were 
significantly more abum.lant in burned for,:st/lt some combination of severity and time-since-fire than irt unburned, mature green-tre,; forest. 

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 

Fol!owing the most common approach to assessing fire effects, 
we first looked at whether there were significant differences in 
bird abundances he tween 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 
Kot!iar El al. 2002)- roughly half the bird species appeared to 
benefit and half did not (Table 2). UnfonunateJy. 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 combination~ of fire severity and 
time-since-fire, we found resu!ts 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 l or more combinations of fire severity and time-since-fire) 
than outside the burned forest-. The distinct location of !he 
greatest probability of detection for any 1 species across the 
2-dimensional fire.severity and rime-since-fire gradient, com­
bined with differences ln those locations among species (Fig, 2), 
suggests that the bird occurrence patterns are at.curate reflec­
tions ofbird abundance and not artefacts of some kind of sam­
pling bias that might affect all species similarly. Other recent 
work (Stephens. N 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 ofindepeudenlsurvey points inench scverity­
by-yeaga(egory) are generally much smaller tlmn what we were 
able to achieve here (Table l). 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 $latistica\ significance of 
fire effects. Although each bird species responded uniquely to 
the combination of fire severity and time-since-fire (FJg_ 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 I I-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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[n !um. developing larvae provide food forwoodpecker:s, which 
then respond numerically with an abrupt increase in abundance 
during the first year or two after fire. Relativc!y rare species like 
the American TI1ree-toed and Black-backed woodpeckers are 
known to appear within months after fire (Blackford 1955; 
Villard and Be11ingcr ! 993; Vil!ard and Schied: 1997). Their 
abundances then increase at a rate that is more rapid than 
expected ifthe increase were entirely the result ofrecroitment 
from inside the bum, so the increases are undoubtedly associated 
with colonisation by birds from outside the burned area, as 
uthers have noted (e.g. Van Tym:, !926; Koplin i969; Yunick 
J 985; Hoyland Hannon 2002; Huot and !barlahal 2006; Siegel 
'el al. 2D ! 6). 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 i995; Hanson and 
North 2008; H\1tto 2008; Hutto et aL 2008; -:--fappi and Drapcan 
2009; Swanson el d, 201 l; Bond eral,20!2; Hutto el al. 201:5). 
Although its pattern ofresponse to fire is not much 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 wh.ich the 
species is restricted in its distribution to burned forest condi­
tions. Other woodpecker species occur !n green-tree forests to a 
much greater extent than the Black-backed Woodpecker; hence, 
the Black-backed Woodpecker is a better 'indicator' of severely 
burned forest conditions. The re!ati.vely high Black-backed 
Woodpecker occurrence rates across an I I-year period is 
somewhat surprising given the existing literature (Apfelbaum 
and Ham:y ! 985; Hutto 1995; Murphy and Ldmhausen 1998; 
Hobson and Sd1ieck l 999; Hoyr and Hannon 2002; Saab et al. 
2007), which suggests that a 4--8-ye11r 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 thls study 
than in most others because there was an abundance of weak­
ened trees in the moderate- lO low-severity border areas, which 
continued to provide adequate food resources after conditions iu 
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 
10 operate elsewhere as well (Nappi el al 2010; Dudley er ql. 
2012). 

Otl1er bird species (e.g. Cassin 's Finch; C!ark"s Nutcracker, 
M1ciji'aga columbiana; Red Crossbill_; Pine Siskin) that appear 
to respond abrnptly and positively to more severe fire, do so for 
reasons that are most likely related ro the abrupt increase i□ 

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 iu the air (e.g. Western 
Wood-Pewee) or to an increase in the availability of-relatively 
predator-free nest sites at ground !eve! from burned-out roots 
and roo1 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 sit~s that are located ln green-needled or 
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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 sliglitly 
delayed increase iu abundance, primarily-(but not necessarily) in 
locations that burned at higher severities. tfwe had confined the 
study to the firsl year.ortwoafterfire, these positive responses to 
fire would have gone undetected. One oftliese specie~ (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~c_rowncd Warbler, 
Oreothlypis celata) were probably responding to the develop­
ment of suitable shrub and seedling layers for foraging and 
nesting, which varied markedly from one place to another-Within 
the bum perimeter. Still other species (e.g. House Wren, 
Troglodytes aedo11; Lewis's Woodpecker; Tree Swallow; 
Williamson's Sapsllcker) 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 soften with decay and break more easily in wind events. 
TI1e 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 
abtmdant species in severely burned forest patches 6--11 years 
after fire. 

Several authors (e.g. Hutto 1995; Gentry and Vierling 2007; 
Saab el al. 2{107) have recognised a delayed increase in popula­
tions of Lewis's Woodpecker following severe fire, and it is 
dear that the benefit of severe fire to this woodpecker species 
would not have been detected in this srudy had the data 
collection period been restricted to Lhe first few years after 
fire. The delayed positive responses of other species (e.g. 
Williamson's Sapsucker and Wllile-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 res1ricted to edge condi­
tions between unburned forest patches (where lt 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 ln 
availability of insects beneath thick bark aner the bark began to 
peel away from, or 5lough off, dead Ponderosa Pine, Western 
Larch, and Douglas-fir. Finally, the delayed increase by Western 
Bluebird represents a pattern that has received considerable 
attention (Duckworth and Badyuev 2007; Duckworth W08, 
2009; 2010, 2012; 2014); Western Bluebirds are not as weU 
adapted as Molllltain Bluebirds are to c·oJonise burned forests 
early on after fire. but once they colonise, they arc better suited 
to outcompete the Mountain Bluebird in severely burned hot 
SpOl$. 

The pattern of a rapid !m:rease in abundance illustrated by 
species listed under the first response pattem is well described 
and well appreciated, but the second l]aitem 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 analyses may have hidden the influence ofa 
delayed rosponse. For example, of the 11 published studies of 
bird communities in burned and unburned forests reviewed by 
Kotliar d oi, (2002). noneseparnted the effects of fire severity or 
time-since-fire. Since that time, numerous authors (Harumh and 
Hoyt 2004; Saab £?t d!. 2004; Smucker er 4/. 2D(J5; Kirkpanick 
!!I al. 2006; Schleck and Song: 2006; KotHat et ul. 2007; Saab 
pf a{ 2007; Hutto 2008; Kot!ll!r et al, 2008; Pons and Clavero 
20lti; Nappi and Drapeau 2fJ.ll; Saraccu et d. 20! l; Stephen~ 
et al. 2{) 15) have included either fire severity or time-since-fire 
in 1heir analyses of fire effects, and a!! of these authors 
concluded that it is importllnt to do so. 11lis study serves to 
reinforce the idea !hat fire effects cannot be accurately assessed 
in the absence of knowledge aboul the context st.mounding a 
particular sample location and that Jncludes, but is not limited to, 
fire severity and time-since-fire. 

Response Pattern 3 
This pattern is iliuslrated by species that revealed a fairly abrupt 
or slightly delayed increase in abundance within the first year or 
two following fire, bul the positive response ls limited to !oca­
tious that burned at lower severities. This group includes species 
that have previously been labelled as •mixed' responders ln 
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, $OJUe of these species 
maintained an elevated occurrence rate in locations that burned 
at a lower severity throughout the duration ofthe ! I-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 americmw; Pileatcd Woodpecker; 
Evening Grosbeak; Yellow-rumped Warbler; Hammond's 
Flycatcher; Hermit Thrush). For those species that showed a 
sustained (albeit sma11) positive response to low-severity fire, a 
predomi[!antly green-tree n,rest that burned recently at fow 
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 
llie first year or two following fire may reflect an influx of 
individuaJs·returning from wintering locations only to find many 
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 ofa bad situation. A key question for future fire 
researcli. would be to determine whetherincreases in numbers of 
detections atler recent fire in mildly bumed green-tree stands 
reflect conditions that are better in quality, even if'only briefly, 
lhan long unburned green-tree stands for this group of species. 

Response Pattern 4 
This pattern is i!lustn1ted by the six species that were !ess 
abundant in burned than in 1.1.nburued forest immediately 
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following fire and appeared to become even less abundant 
across the 1 l-yeartime·span. Foreachofthese species, there was 
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 wny from fire. 
Indeed. many authors would be quick to classif'y 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 foresrn only in the 
short-term. This was only an ll-year study, and we know that 
these same ~pccies will reach their highest occurrence rates i11 
the years to ccme. If those occurrence rates reach a peak at some 
point in the future before falling again wh.en thi; forest reaches an 
even older age, then those species wou!da!so be more accurately 
classified as positive responders: lt 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 detcc:ted 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• 
tbetically, a 300-year-old furest are not as good as forest con­
ditions associated with a I 00-year-old forest because the only 
way optimal conditions for th,ese Species could be 'restored' 
would be through a severe fire event that creates their preferred 
habitai J 00 years later. fntercstingly, Taylor mid Bannure(l 980; 
Table 2) showed precisely that paltem 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 101:,>ic, even a species that is more 
abundant at year 300 than at year 700 following frre would mean 
that severe disturbance (disturbance severe enough to trigger 
ecological succession) is necessary to 'restore' appropriate 
forest conditions for that species too (see also Imbeau el ,,l, 
i 999, Schieck and Song 2006; Zha0 er al. 2013). The important 
point is that we cannot assess the effects of fire without data on 
bird abundances from a more extended series or forest ages 
following fire. 

Caveat and management implications 
BeCause the bird occurrence rate at unburned points was based 
on a different setofyears 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 
tmburned and a particular fire severity/time-since-fire category 
resulted from a temporal change in abundance independent of 
fire effects. However, eveu 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 
fl.es over the past 30 years (see Hutto I:'/ al. 20 ! 5, and references 
therein) suggests that the individual species' responses make 
good biological sense and are not artefacts ofunnsual 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-tire categories. Only through use of a 
chronosequence approach (Hutto and Bdole 2013) will we be 
able to generate the replication of burned-forest conditions 
necessary to evaluate fire effects in a manner that will a1low us to 
appreciate how both fire severity and time-since-fire create 1he 
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 
respon4 positively or negatively to fire. Fire severity, time­
since-fire and other forest conditions matter to organisms thal 
respond positively to disturbance, therefore we \VII! have to 
cousiderthe 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 ofjust 
two of those forest conditions here, it is clearthat the majority of 
species increases in abundance during pan 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-tenn, before-and-after studies; 
we need to know more about !he occurrence rates of species 
across very long time spans ifwe are to speak knowledgab]y 
about the effects of fire on any particular species. Our finding 
lhat60% of the bird species surveyed are most abundant in some 
stage of forest succession fo!towing .fire than they are in mature 
forest is Lmdoubtedly 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 arc 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 er al. 2005; KotHaret al. 2.007, 2008; 
Vierling and Lcnlile 2008; Stephens e/ al 2015), fire severity 
has a dramatic influence on lhe probability of occurrence ofbird 
species. The same pattern was 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 ofeonditions 
needed by the variety of bird species that respond positively to 
fire. Even more importantly, the variety of homed-forest con­
ditions favoured by diffeten! bird species may be difficult lo 
create through a prescription of low-severity understory fire 
applied outsidethenonnal fire season, because snch fires do not 
generate the higher-severity patches needed by the species that 
are relatively restricted to forests that have burned severely 
(Hutto 2008). rn addition, land management practices designed 
to prevent or eliminate severe lire will also eliminate the very 
couditions 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 (Huuo et al, 20 !5). 

Ecologists have long known that severe, stand~replacemcnt 
!1rts are characteristic tif some (most!y suba!pine) forest types 
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(Brown alld Smith 2000), but many forest managers and mos! 
politicians along with the public at large arc still remarkably 
uninfom1ed about 1he naturalness and necessity of severe fire in 
vegetation types born of. and maintained by, severe fire (Hutto 
et <!I. 20 ! 6). 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 fore.~ts too (Baker 
el (l{_ 2007; Hessburg er al. 2007; Baker 2009; Margolis <'I a{. 
20! l; Perry el al, 2D 11; Baker 20 l '2: Heyerdahl el al. 2012; 
i\.farlon et al. 20[2; Vebhm et al. 1012: Wil!inms and Buker 
2012a, 20i 2b; Odlon -:t al. 2014; Sherri ff el al. 20 l 4; Williams 
and Baker 2014; Baker 2015a, 20!5b; Baker and Wi!liums 
20i5; Yocom-Kent N al. 2015; Hutto ef al. 2016). For the 
lower-elevation mixed-conifer forest types, such as the forest 
studied here, it is quite clear that some amount of scvere fire is 
natural and that large numbers of bird species benefit from the 
S(';vcre~fire component. Given these results, the challenge is to 
educate land managers, politicians and the public al 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 (Hullo et aL 2016 ). Only then will 
ws: be in a position to manage for appropriate amounts and sizes 
of severely burned forest patches that OCCUITed historically and 
to celebrate the creation of mosaics of different fire severities 
and post-fire ag·es that follow directly from severe fire as a 
mturaJ disturbance process, 
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