CSIRG PUBLISHING

Jriternarional Jowrnal of Wildland Five
hipidk.dol om0 10T/ WELS228

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' 10 of the first 11 years following a mixed-severity fite Ina dry, low-elevation
thixed:-conifér forestin Western Montana, United States. By defining fire in terms ol fire severity and time-since-fire, and.
then'comparing delection rates for species inside 15 combinations of firé severity and time-since-fire, with their rates of
detection in unthurned (but otherwise similar) forest outside the Burn. petimeter, we were able to assess:more muanesd
effects of fire on 50 bird spécies: A majority .of species (60%) was detected significantly more frequently ingide. than
putside the burn; Itis likely that the beneficial effects o fire for $ome species can be detected anty under relativély narrow
combinations of firé severily and time-since-fire. Because most species-responded positively and uriguely 10 some’
combination of fite sevérity and time-since-fire, these results cairy important managementimplications. Specifically, the
variety of burned-forest conditions required by fire:dependent bird species camot be created through the application. of
relatively vniform low-severity presciibed firss, through land management practices that setve to reduce fire severity of
theough post-fire salvage logging, which removes the dead trees requited by miost disturbance-dependent bird species,
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Introduction

The earliest synthesis of firc.effects on birds (Kotliar er i, 2002)
revaaled that rhanty species respond positively, others negatively
and still others in a mixed fashion to bumed forest conditions:
Perhaps. the' most impaortant patiém that emerged from this
synthesis is that-some species {the more-exireme including:the
Ametican Three-toed Woodpecker {Picoides dorsalis), Black-
backed Woodpecker (Picoides arctfitus), Mountain Bluebind
{Sialia qurrucoidesy and Tree:Swallow (Tachycineta bicoloryy
are relatively abundant in bumed forest conditions. One (the
Black-backed woodpetker) is even reldtively restriéted in its
distribution to such conditions, For example, Hutic {1995)
reported that {5 species were more abundant in burned forests
than théy'were in any of the atier 14v¢ petation types includid in
his meta-analysis. This carries important manageméent impli-
cattons because those. species may depend to a large extent on
fire tor create the habitat conditions they need for persistéiice —
habitai-conditions that are seversly compromised by fire pre-
veation, firé suppression, and post-fire salvags lopging, seeding,
treg p[a_ri_ting_'-'and-.remoyal of native shrubs (Sazh snd Dudley
1998 Katkar of al 2002; DeliaSakh ef af, 2008; Futto and Gallg
006; Hulte 2008 Sadb e 24 200% Swansba of al 201
DeflaSala of #f. 2034; Tingley et of. 20144
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Until very reeently, studies of fire sffects:did not distinguish
the effects of low-severity, mixed-severity -and high-Sevérty
fires. Therelore, reported responses of species weré ofientimes
different fom one study to.the next, and terms like ‘mixed
responder’ were included in tables: generated. from synthetic
work oa fire effects (Kotliar ef ol 202). Kothiar ¢f al. {2005)

doted. that fire severity, time-since-fire, vegefation type «nd
‘other considerations coyld probably explain some of the varia-

tion- among sfudies; but it was riot unfil Strucker ef al. (2005}
charagterised the'severity of thefire surrovriding each of a series
of survey points that bird respenses to fire became. much legs
ainbiguois and remarkdbly consistént, Smucker ot af. {2085
praposed that most bird species respond prédictably to fire, but
that the type of response (positive or negative) depends strongly:
on-fire:severity; Subséquently. misieros studies (a.g. Covert-
Bratlaod ef i 2006; Kirkpatrick 20 al. 2006; Coaway and
Kirkpatrick 2007; Koivnle and Schmiegeiow 2007; Kotliar
#f af. 2007 Hanson dnd North 2008; Kotliacer ad. 2008; Vierling
and Tentile 2008; Nappi e of 2010; Nappi and Drapesn 201 1
Biudley 270 20 12; Fontaine and Kennedy 2012; Leetal, 2012;
Lindemmayer eral, 2014; Rushef af, 2012; Hutto er.al 2015,
Stephens ef al. 2015) have demonstrated a marked effect of fire
severity on-either the occurrence or breeding success of selecied
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bird sjiccies. In uddition ic fire. severity, the nuimber-of years
following .a fire’ event: (fime-since-fire) can héve significant
‘influence on bird response. Again, there are some lmportanr
studies fhat have included earty vs later stages of succession
after fire-in their analyses of hird oceurrence patterns (Tavlor
1973, 1979: Tayior and Barmore. 1980; Raphael of of, 1987
Breininger and Smith 1992 Hutto er af, 1995; Pvke ¢ ol 1995,
Caitey ot af. 1996; (M;mamki 2ral. 1999; Bechtoldtand Srouffer
2003; Covert-Bratlanderal, 2006; Sanb eral 2007 Vierling and.
Geniry- 2008; Brown ergl, 200%; Chaimandrier o af. 2013,
Holmes ef al, 2013 Hutwo er ol 201 5), Taken together, results
from these twp kinds of siudies suggest that the simultaneons
consideration of severity and hme since-fire might allow us -
detect fire effects that aré even moie auariced.

The purpose of this study was-to document the response of:
fdtivee bird species o the Black Mountain fire, a 3506-ha,

lightning-caused, mixed-severity fire that burried throughi a.

lower-elevation dry, mixed-conifer forest immediately west of
Missoula, Montana, in 2003, Usmg pointscount data from each
of 10: years: Follow;ng thefire, we compared the cCurrence rates
of biri species in 2 variety of bumed forest conditions across a
“space-time continuum with their occurrence tates. i sutrournd-

ingunburned forest of thesame vepetation type: This study wiis.

“designed to test whether a combination of fire severity and ime-
gince-fire i netassary o expose some positive effects of Fird.on
birds in dry, mixed-conifer forest, wluch is commudn across the
motntainous West.

Methods
Study area
Situated at the south-west edge of the city of Missoula, Montang,
United States, the 2007 Black Mountain fire started in- mature,
low-elevation, mixed-conifer forest. dominated by Ponderosa
Pine {Pimus pondef osa), Waestern Larch (Lan:c ‘Gecidentalis),
Luduepale Pine {Firus cantoria), and Douglas-fir {(Pyetelotsuga
menziesii) on 8 Angust as the result of 4 lightning strike. The fire
‘bumed slowly unril it grew rﬂpldiy on ¥6 Augustwhen it spread
acriss 1500ha in2 b dnd prompted fhie evacuation of | 30 horeés;
it eventually burnied-~3500 ha. The spatio-temporal effécis of
the Black Mountdin fire:and their refationship with wildiand. fire
hazard: and tisk weie discussed by Hardy (20055, thé firé was
also the subject of several studies that-wera desighied te-mieasure
the effectiveness of the severity L]&SSIﬁCﬂflOHS agsoctated with
the Burned Arsa Reflectande Glassification {BARC) map that
was generated following the fire {Hudak ef of. 2004; Hudak e ..
2007 Lentile et of, 3D07Y

Overall désfg 0

Theredre limits to casé history studies ofsingle fire-cvents due to
the lack of tredtment réplicaiion, but if is nearly impossible to
attain true wreatmeni-level replication of severe-fire events in
either #n experimentaf or nanira! fishion; case studies are sine
qua non 4o fire ecology {(Hargrove and Pickering {992).

Therefors, fire ecologists must- take advantage of individoal

npportumtles that arie, and then rely ot wmietd- amlyses atsume.

point in the future to understand the extent to; which results can.

be safely generalised mors broadly beyond any smgle event,

R L Hutto and D, A. Patierson

To assess fire offects, we sought to- compare bird OCCUITEnce,
rates in the bugned forest to those we would: have expected to.
ghserve in the absence of firg. As is'true with most ufiplanned.
nataral disturbance events, ro bird surveys ad been conducted
within the burned ztéa before the fire, o we éstimated what the:
occurrence rates of bird species in Lhe stuly area were. likely w
have been before the fire by drawing samples from a subset of
the Northern Region Landbird Monitering Program database
(Foito and Young 2002). Poing-count locations were: positioned.
in unbumed but stherwise similar {dry, }nw»elevah(m mixed-
conifer) forest within a 100+ T block centred, on the fire using
faethods identical to those used in this study (Fig. | 1}, We used
data “from the most recent, year sampled at each point, which
yietded 717 poinis that were surveyed sometinie between. 1992,
dnd 2009, Althongh bitd occurrence ratés certainly vary. across
space. and time, that variation is;very small relative to variation

among vegetation types. “Fherefore, the. farge number of points

drawn: from a varety of Jocations 4nd years should serve io

swamp outlier places or years that might otherwise bias an

estiniate: of the “average’ occurrence: rate for-each species in a
typical nnbumed mixed-conifer farest,

We used a digital orthophote of the fire perimeter to initially
position 279 bird survey points throughout the.burned area,

Spacing points no closer than ~200 'm fiom any other point,
'Begmmng 9 months after the fire and for 10 of the first 11, years

fnlluwmg thie {iré, .oné of the authors (RLH) visited an gverageof
100 {range==77—127} points every post:fite year except 2008
within a 6 % 2-km rectangle that.covered the south-east portion
af the fire (Fig. 1). Tle survey locations were well disgibuted
across the study area ineach year; although the precise locations
varied somewhat fram. year to. year because of variation in
survey toutes taken by the obsefver. A givén point may or
Thay not have beén visited in more than one year; specificatly,
the numbers of points visited-from 1 to 10 times seross years
were B0, 37 29,14,17,41, 39, 12, 9ad L respectively, Innost
instances, points wéie visited on a single occasion in any-given
year {of LO87 point visits across alt ears, only 29 werg visited:
multiple times-in a given year}. In instances where points were,
visited more than onceina given yeas; werandomly selected one
of the visits for amalysis. Thus, data associated with gach point
are represented by a single-visit In each year. A SUMmary of
survey effort (numbers-of’ mdcpendent survey poims) across.the
combindtions of fire severity and: timé-since-fire are presented
in"Table 1.

Bird surveys

Point counts wete conducted during the; height of the breeding
SEASOI SVETY YEar: (Icm week of May tothe first week of July) and
lowerelevations were visited arlier in the $épson than higher
glevations. On 4 givén visit to each point, we' used standard
{0-min point-coimt méthodology {Hutio eral. 1986; Ralph efal.
1995} to record the distance wo-andidentity of eachbird detetted
by either snght orsound between:0630 and 1130 heurs, We glso:
recorded an- on-thé-ground. visial estimate of tree morality.
percentage {1—2!]%\ 21-40%, 41-60%, -61-80%- and ">80%)
within'100'm of each survey point: clunng each ofihe first 2 years
after the 2003. fire and osed 'the mean value as an index of fire
severity surrounding the point.
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Fig. 1. The small réctangle encloses the bied survey paints ttiat were positioned within the 2063 Black Mouniain-fie periineter, 5k
west of. Mlssc:ula Montana; The Iargur 106-ka® area. surcounding the reclsmgle shows the laeations of the. 71 7 unburmed-forest: bird

survey pmms utstide the fire perimeter. Soufee: Google Easth.

Tablel, Thesnumber of mdependent strveys {point-coimts) that were-vonducted in éack combination of ime-since-fire and:fire. -severity.within the
‘Black Mauntain fire gear Missoula, Moniana; US:\

Fireseverity (treemortality)

Tvo—year intsrval

2004-2005 20062007 2009-2010 2611-2012 2013-2014
1-40% 15 6 ay; B 59 57
41-80% . 47 38 65 85 g7
=80% 100 97 84 08 126

Statistical arialyses

Because the numbers of individuals .of any one species are
notorjoushy difficiilt o estimate diring a'10- -min count, the most
reliable information that can be obtained From a pom{ count is
the presence vribsence ofa. species (Hutto 2015], ‘Therefore, we
recorded the species detected within a fixed, 100-m radils. sur-
rounding each survey point and used the propottion of poiats st
which s specie wag detected {naive océupancy) as a response
variable- to reflect bird abundancé. We did not amploy goou-
pancy modetling (MacKernzie ef.al. 2006} or distznce sampling
to estimate bird density (Buckldnd er af. 2001) bécause points

were visited only ohice in 4 given year, sample sizes Tor most’

species were ko small to esifmate reliable detection functions

and mean detection distances to all bird spécies i the unburned’

and buraed Forest types (the. most imporiant potential Source of
detectability bias) weré not. significantly different- (46 & m-vs
71 m; = =104, d £ = 15 810, P=0.26). In addition, several

fundamerital assumptions. associated with distance sampling-

could not be-met; these include: the assumplions that (1) there is
1o bird movement in résponse t.the observer, { 2) changes in
vegetation with disiance from the bbserver do not confound the
effect of distance alane; (3) -abservers can obta.m accurate esti-
maies of the nuimibéraf individeals ofeach species surroundinga
point and (4} cbservers can-obtain accurate éstimales of dis-
tanices o birds that were beard but not seen {90% of all detee-
tong), Welsh g7 ol (20133 discussed Why these dnd other
problemsican lead to btases thatare:as bad as orwoise than those
that might be present in. unadjusted data: Johmson ¢ (3008 also
discussed ingtances ‘wherd simple’ indices; such-as percetiage
occurTence, are: hkely to-be more: rehable tham' dlstance-adjnsted.
density ¢stimatés and a multi-species survey is one of those.
instanges. To-confirm that the pattems we. ‘deseribe dre not
arfefacts.of detection-bias, we conducted an additional analysis
based gn data ‘dravm from e, very limited 50-m radius, whem :
detections can he assumed tobe very rear 109% for most spe-
cies, none of Vae bird distribution patterns was affected by the
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use of this more restricted dataser. Analyses were conducted on
30 species. that were detected on at Ieast 10 point-counts (cither
inside.or outside the fire perimeter), were not widé-ranging large.
raptors amd: were not restrivied to riparian or wetland habitats
-eimbedded within the mixed-conifer forest,

Westarted with 4 taditional analytical approach where we
tised Chi-squiare tést analyses to investigate whethier the proba-
bility of occurrence of any given bird species differed signifi:
cantly between burned and unburtied. points. We then conducted

a mioré Tefined analysis to assess whether thers Wwere differences

in percéntage occurrence befween the surroundmg unburned
mature forest and any combination of fite Sevérity and Hme-

simce-fire. To. smooth out’ gmatler-scale variability and. to:

achieve adequate sample sizes in each combinaiion of fire
sevetity and time-since-firg, wé first ageregated the counis for
each-species into 3:fAire-severity levels (1 ~40%,41-80% and 81~
100% ire¢ mortality) and. 5 2-yedr periods (2004-2005, 2006~
2007,2009-2016, 201 1-2012 and 2013-2014), which produced

counts for 15 combinations of fire severity and time-since-fire,.

We then computed the odds ritio of seeing a species in each. of
the 15 combinations telative to the surrounding unburned
{equivaletit fo pré-fire) forést, Since there were some 0 counis,
we added 0,5 to.all counts for all species (Aprasi ?{}07) Tiie
odds ratio for fire severity level i and time period / fora given
spectes-Is:

é-. - (Ig‘;‘] -+ G.S)X(JCU'U ~+ B‘S}
T o 0.5)/ (xp +0.3)

where xy; and g are the numbers of points ‘where the species
was and was not detected, i fire severity level 7 during time
peciod, and xgr and gy are the. a.nalogous counts for the outside-

firebase (labelled 2003 along the-vear axis, but tepresenting data
from outside the burn, regardless of year that the data were
coflected). An approximate standard ‘error for log B{, s {Agresti
2002y

12

(IO 9 { . | " 1 . 1 -
£ ) xﬁﬂ-GS X_yu—rUS x;,;_+0-.5".;,:,_;;+0.5. ’

To. assess the qtansln:al SIgmf' 1cance of the odds. ratio we:

computed zyj = log(); /SE(Iugﬂqj {the expected ~value -of the
log-6dds ratio is O when the: thue-odds ratio-is 1) Because we

ran over 700 comparisens fn total, we cateirlated Bonférroni-

adjusted’ P-values to provide an estimate of the statistical
sigaificante #ssosiated with gach odds ratfo. Al data manipula-
tion and plots were conducted in R {R (ore Temn 2014) using
packages dplyr {Wickbami-and Fancois 20} 5}, tidyr {Wickham
2014) and gaplorl (Wickham 2009).

Results

We detected a total of 107 bird species in the combined daigses
drawn from burned and unbuirned forests, and 50 ofthose species
met larget requirements for inclusion in andlyses as described in
the methads (Tabile 23, By grouping points into fwo. categories

{burned-forest atnd unburded-forest points) dnd then calculating.

the pereentage oceumence rdles of each species inside and

R L. Hutto and'D: A. Pattersan.

ouside the burned forest {Table 2),we found 25 species o be
more abundant in the burned forest (23 significantly so;
£<20.05}, aad 25 to'be more abundant outside the bumed forest
penmeler {21 mgmhcanﬂy so; P <0 0.65), In contrast, a majority
of speties (60%%5) was stgnificantly more ilkely to be delegted in
ar least one vategory reprcsentmg a particutar cambingion of
fire severity and fime-since-fire: within the burned forest than
within malure, inburngd, grean-tree forests of the same type
(Fig. 2). -Although mast-specicg responded positively at | gr-
more: cofmbinations of fire severity and time-since-fire, not alj
species respanded positively in the same way. To help visualise
the positive and: negative responses o fire and the differences in
patterns of response emong species, we colout-coded the odds
ratios associated with a comparison oPthe dcourrence rates fora
species i each combination of fire severity and time-since-fire
and its peowrrence fale in ynburned forest puiside the fire.
perimeter (Fig. 2).

Fourigen (28%) of the. 50 species revenled significantly
greater abundances within thairouiside the:burned forest -within
2 years fb]lowmg fire, mpst commonly in the: mederate or
severely buriied: forest’ patches. (Fig. 2}, These included four
woodpecker species {Black-backed Woodpecker; Hairy Wood-
pecker (Picaides villosus), Arneman Three-toed Woodpecker
and Northern Flicker {Cofaptes auranis)) sevetal thiush species
(Western. Bluebird (Siafia Mexicana), Mountain Bluehird,

“Townsend’s Solitaire (Myadestes rownsend)), two f]ycatcher

species (Westeri. Wood-Pewiee' (Contopus. serdidulusy dnd
Busky Flycatcher (Emprdomz:c oberfiolsert]), aid two sesd-
eating: spevialisis (Cassin’s Finch (Faemorhous cassinii), Ping
Siskin (Spinus pinusy), among others {eg. Rock Wren
(Sm‘pmcres absolets), Lazuli Bunting. (Passerina amoends,

:Chipping Sparrow and (Spizella passerif)y.

Several addidonal species exhibited significant but delayed
increéases in abundance within. the burned forest {(e.g. Tree

Swallow; Lewis's: Woodpacker (Me(anerpe'; Jewis), Pygmy

Nuthatch (Sitia prgmaea), Dusky Grouse (Deidragapns

pbscirusy, Vesper Spartow {Pooecetes gramineusy, White-

breasied Nuthateh (Sitfe: caralinensisy, Calliope Humnnngbird
(Se!asphm w3 calfiope} and Williamson's Sapsucker {(Sphyrapi-
cus thyroideus), Fig. 375,

The significantly positive response 1o firs was, for several
species (e.g. Pyginy Nuthatch, Calliope Flummingbird, Cassin’s
Finch, Browni-hédded Cowbird {Molothirs ater), Red Crossbill
{Loxia curvirostra), Pine Siskin; Red-breasted Nuthaich {Siifa
Canadensis), Hammond’s Flycatcher { (Empidonar. ﬁammom’rf)
and Hermit Thrush (Catharuy ghttamsyy, relaiwely restricted
to the Jowest fire severity category (Pig. 2),. A relatively largs
niumber of dditicnal species {MacGillivray's Warbler {Geath-
tupis rolmier}, Common Raven: (Corvus corax), Pileated Wood-
pecker (Drvocapm pileatus), Western Tanaget (Pirarga
fudaviciana), Evening Grosboak (Coceothraustes vespertinus),
Yellow-rumped  Warblér (Setophuga coronaty), Mountain
Chickadee (Poecile gambeli), Cassin's Vireo (Vireo cassinii)
and Ruby-crowmed Kinglet {Regait:.s cafenduld)) showed a
similar but non-significant response to fire.

Only six, (12%} oF the 30 species (Stéller’s Jay {Cvanociita
steflert), Black-cagped Chiickadee (Poccile atricapiltus), Gray
Tay (Perisoreus eunadensisy, Townsend's Warbler (Sefophage
townsendiy, Swaipson’s Thrush [Catharus ustlainsy and
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Tabie2. Bird spiecies-detected at survéy points within Burfed.af surronnding unhumed mived-conifer forest
The listexchides species defetted on fewerthan 11 goints, iparian specialists, and raptors. The location witere aspecies was more freq werithy detected is.dhown
Aim'botd: The tastedluim shows the level oF signi Acance of any difference based on a Chi-square test. The four-letier mnerioniccode for eath spegies is provided:
in parentheses afler the Latin binofnial. Statisticatly stgmificunt ditferences are based an Chi-squaré fikelihood ratio (P <. US* PO P<O00) **”'}

B

Species

Bamned (# = 1687) Unbumed fr=717) pA
Hits % Hiig Vi

Dusky Grouse, Pendragapus obyeuris [DUGR) 46 4,23 2 28 woA
Calliape Hummingbird, Selasphoris. caffiope (CARI) - 75 6.90 14 .95 .
Lewis's Woodpecker; Melanerpes Tewis {LEWO) I3 £38 0 9 ek
‘Williamson's Sapsucker, Sphyvapicns dyroidens (WISAY 38 534 4 1.95 e
Haity Woodpecker, Picoides vitlosus (RAWG) 244 22.45 21 243 ks
American Thred-taad- Woodpcckcr Picoides dorsatis (NTTW) i 350 4 056 b
Bim..k»-backed Woodpecker, Pleoidés arcticns (BEWO] 16 £.99 G g Rkl
Northern Flicker, Cofapres atiratis {NOFL} 373 353 33 488 el
Pileated Waodnecker, Dryocopus pileatis (PIWO) 1) 0.2 0 279 W
Olive-sided Flycatcher, Confopres cooperi {OSFL) 33 3.04 30 L B8 ns
Western Wopid-Pewee, Contopu sordidifus (WEWE) 309 19.23 2 028 ot
Hamtnond's Flyeateher, Empidonax fammendii (HAFL) 160 930 I3 18.27 #ak
Phusky Flycatcher, Empidonux oberholseri (DUFL) 285 26.22 2 14.23 ek
Casgin’s Vireo, Firea. cassinii '(_CAVI}. 94 #4483 1495 27.20 ra%
Warbling Virco, Fiean gilvus {WAVID 496 .83 fab 0.8 A&
Gray lay, Perisoreus canadensis (GRAJ) 8 0.74 G4 893 wdh
Stelier’s Jay, Gyanacithy stelleri (STIA) 3 0.1% 19 ‘263 B
Clark’s Mitcracker, Necifragu Cofunibioha (CLNU) 43 3.96 15 208 *
Common Raven, Coriils rorax {CORA} 6 {47 22 307 15
Tren Swallow, Taciyveineta bicolor {TRES) . 22 202 ] 0 b
Black-capped Chickades, Poerilé atricdpiihi (BCCH) 1% 0.92 57 795 b
Mauntain Chickddes, Poecile gambeli (MOCH} 108 994 182 26.36 hha
Red-breasted Nuthatch, Sitte Canddensts (RN 341 31:37 386 53.84 whE
White-Bredsted Nuthateh, Sita cariirénsis (WBNU) 79’ 4,27 m 139 s
Bymmy Nuthateh, Sitte pygmaen (PYNU) 2 02 1 0.14 ki
Brown Creeper, Cervhia Américana (BRCR) 12 1.1g 17 237 #
Ruck Wrén, Sefpinctes obisolatis (ROWR} 4 317 2 0.28 b
House Wren, Troglodites eedon (HOWR) 34 3533 k| i e
Goidén-crowned Kinglet, Regifus satrapa {GCKY 2z 018 120 16,74 Rk
Ruby-crowned Kinglet, Regulng calendula (RCKT) 152 13.98 32 44.77 bl
Western Bluebird, Siafia Mexicana (WEBL} 123 1£32 0 ] o
‘V[eumam Bluebicd, Stafia currucoides (MOBL} 403 3707 g 1.2 bl
Townsend's Solitaire, Myadestes townsendi {TOS0O) 194 17.85 114 16.18. s
Siwalnson’s Thaish, Catharie astrlats (SWTH) 48 . .42 280 35,05 wx
Hermit Thrush, Carfiares gutrars (HETH} 38 3.50 58 8.09 wrd
American Rubin, Tirdus migraiorins {ANVIRE} 244 217 164 22.87 s
Oeanpe-crowned Warbler, Oreothiypls vetate (GUW A} 118 10:86 115 16,04 aaw
MacGilliviay’s Warbler, Geothlypis toimiei (MGWA) 151 13.89 151 2006 A
Yellow-nimped Warbler, Setophaga. eoranate (YRWA) 394 3625 462 64.44 A
Townsend's Warbler; Setophaga tawnsendi T OWA) 55 506 281 30,19 Ak
Chjppmg Bparcow, Spizella passerine (CHBE) 676 62,19 39 44,49 ek
Vesper:Sparrow, Pegeceies gramineus (VESP) 14 129 ! QiR *
Dark-eved Junco, sunco fyemalis (DEIL), 241 40.57 390 54.39 way
Westetn Tapdger, Firithga ludoviciand (WETA) 295 2714 372 5158 e
Lazuli Bunting, Passering aioena {LAZE) i1i%) JEAIIE 1f 1.53 *ak
Brown-headed Cowbird; Mofp#his ater (BHCO) 164 1509 74 1032 o
Casin's Finclh, Haemigrhous eassinti (GAFI) g% 8.56 20 279 ik
Ried Crosshill,; Losia curvirasira [RECR) 77 7,08 39 s 44 g
Pine Siskin, Spinns pimis {PIS1) 184 16.93 130 18.27 ns
Evening Grosheak, Coccoffiraystes ve.fperrmm (EVGR) 3 0.28 14 .23 PR
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Eig. 2. Heat maps reflecting she log-odds ralio sssoeinfed with the percentage décurrence in each combination fire severity and timessince-fire in
comparison withthe peiventage occurrence in unbured forest outside the fire perimeier [or dach oE30bird specics{ four-letter mrtemonic codes penvided in
Table 2} species ars orpanised by their dverage log-odds scores, from those that had » larpe avernge positive fesponse to those that kad z large average:
negative fesponse tq fire). Hotter {mars. red) blacks represent positive responseso fire and ooler {more blug) blocksreprosent pégative responses fivg,

The symbols correspond with Bonferroni. adjustcd Povalires (D w000 < P< 005, 4= 0001 < <001 ¥ =P () G0}, Thirty 6F 50 specics (60%) were

TSRO N

Year

significinitly more abundznt fn Gurned forest.at some combination of severity and time-since-fire than in unbomed, matore green-res forest,

Golden- crowned., nglet (Regulis satrapa)y were detected less
‘frequently afier fire, regardiess of tire severity, and their detecs
tion tates generally contimied 1o decrease over fime {Fig. 2.

Discusston

Following the most comimon spproach to assessing fire effedts,

we {irst looked at whether there were significant differences in
bird abundances hetweén the burned and surreunding unbutned
forest. The results from this analysis were donaistent with those
reporied {n-many other studies of fire effects on hirds (see
Kotliay ef gl 2D02) ~ roughly hialf the bird species appea:cd to
benefit and’ helf did not (Table 2). Unforiunately, this kind of
analysis hid positive responses that became apparerit ouly after
accounting For fire severity and time-since-fire. By dividing the
burned-forest. data infg 15 combinationy of fire severity and
tirne-stace-{ire; we found résults that were more-nuanced than.
those obtained from a simplt ‘burned vs-unburped” analysis.

-bpemﬁcally,. 30 of 50 (60%]) of the bird species, considergd
werte gignificantly more likely to deour inside the: bitiried forest
{at | or more combinationg of firs severity-anid time-sirice-fire}
than outside the. burned forest, The distinet location of the
greatest probability of detection for any 1-specids across: the
2-dimensional fire.severity and fime-since-fire gradisot; come
hined with-differences imthose Jocations: among species {Fig. 2),
suggests that the bird oceurrence patterns are Hocurats réflec-
tions of bird abundange.and nor artefacts of some kind of sam-
plifig bias that might affect all species mm;]uﬂy Other recent
-wotk (Siepheng ¢ of. 201 3) has also revenléd that the locations

‘of peak abundanécs across & Hre-severity/time-since-fire
gradlem differ among species.

Many of these signifi canlly - posnwc responsgs would not
have been. evidént without partitlomng the data into. muItiple
severity and time- smce~ﬁ_re categpries. This kind of analysis 1§
difficult to conduct with-data from any one fire because sample
sizes{the.number of independent survey points inenck sovetity-
by-year category) are generally much smaller thun what-we were:
able to achieve here {Table 1), Even with the sample sizes we
achieved, wiz were sill forced to tse féwer calegoriés: than the.
number used inthe field to assess the slatistical significance of
fire effects. Although ¢ach bird spécies responded umqucly tor
the combmauon of fire sewerity and time-sivice-fire (Fig. 2, four
general classesof tesponse.are worth noting, along with some of-
the miest probable bielogica! anderpinnings béhind cach.

Response Pattern i

This pattern is Hlustiated by species that: showed' an ‘abrupt
increase inabundange within the first few years following fir,
arid the elevateéd abundante persisted unfil the'end of the | 1-year
study pnmanly {but niat exclusivély) in logations that burned at
bigher sevetities. Several woodpecker species {Black-backed.
Waoodpecker, Hairy' Woodpecker, Amercan Three-toed
Woodpecker and Northern Flicker) showed thijs response pat-
tern{Fig-2). The' biefogical basis behind the abrupt increase in
waoodpetket ‘populations is well estabiished dnd uminbinicus;
‘bark and woad-boring beetle populations increase as individual
beetles detect the ﬂewly creatéd abundance of fire<killed trees.
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I turn, developing farvae provide food for woodpeckers, which
then respond nomerically with an abrupt ncréase in abundance
dusing the first yearor two after fire: Relatively rare spevies like
the American Three-foed and Black-backed woodpeckers ure
known to appear within imoaths dfter fire {Blackford 1935;
Villard and Beninger 1993; Vitlard and Sghicek 19971 Thair
abunidances théiy increase at a rate that {s more rapid than
expected if the increass weré entirely the résult of recriitment
fromvinside the burn, so the ingreases are undoubtedty agsaciated
with colonisation. by birds from outside the burned area, as.
vthers. have noted (e.z. Van Tyne J926; Kophin 1969 Yinick
19%3: Hoyt and Hannon 2002; Fuot and Tharzabal 2006: Siegel

i af. 2016). Perliaps the most. iconic indicator of a severely’
burned mixed-conifer forest throughout the Siecra Nevadas of

Califoria, the Intefmountain West and Canadian boreal forest
is the Black-backed Woodpecker (Hutto 1995 Hanson dnd
North 2008; Hutto 2008; Hutto e¢ o/, 2008; Nappi and Drapesn
2009; Swansoreef af, 2041, Bond of 2l, 2017 Hiitto of 2h 3015).
Ait[lough its pattern-ofresponse to fire isnot much different than

that of the American Three-foed Woodpecker, Hairy Wood--

pecker r Northern Flicket (Fig. 2), the key difference between
this woodpecker.and the others lies with the extent to which the
species js restricted in its. distribution fo bummed forest condi-
tions. Other woodpecker spaciés odcur in greei-iree forests to a
much greaterextent than the Black-backed. Woodpecker; hence,
the Blacic-backed Weodpecker is 2 better *indicator’ of severely
burned forest conditions. The refatively high' Black-backed
Woodpecker occurrence rates across an Li-year period is
somewhiat surptising given the existing litetature {ApTelbaum
and Haney [983; Hutio 1995; Murphy and Lehnhausen 1998;
Hobson and Schisck 1999; Hoyr and Hannon 2002; Saab et af,
2007}, which suggests that a 4--8-year window of opportunity is
about all one can expeet for this species. ‘before they begin to
decline in abomdance. Tt may very well be. that the mixed-
severity fire allowed this species to persist longer i this study
than in most others because there was an abundance of weak-
ened iregs in‘the moderate- 18 lcw—seventy Border areas, which
continued to. provide adequate food resources. after conditions fie
thie more: severely burned portions became less suitable: This
mechanism of persistente beyoud durations sxpected on the
basis of averages gleaned from the literature-has heer suggested
to operate eisewhere as well (Nappi of al 20507 Dudlay af of,
2012,

Other bird species (e.g. Cassin's Finch; Clark’s Nutcracker,
Nucifraga coliimbiane; Red Crossbill; Pine Siskin) that appear
to respond abfuptly and positively to more severé fire, do.so for
réusons that are most likely related ro-the abrupt increase in.
availability of seéis that are retained in cones that open in
respense to fire. Suill other species in fhis group respond.quickly
to what. is piobably an increase in the availability. of the
combiration of nest sites assogiated with. standing-dead trées
and open areas for foragmg either on ihe: ground {e.g. Western
Blughird and Mountain Bluebird) or in-the air (e.g, Western
‘Wood-Pewee) ¢r'to an increase in the availability. ofrelatively
predator-free nest:sites at ground level from burned-out roots
and root wads, associated With wind-thirown tree's (e . Réeke
Wren; Townsend’s Solitaire; Dark-cyed Junco, Junco hyemia-
Kis), The Olive-sided Fl_ywtcher (Comapm coopert) makes
special use of nest sités that are located in green-nsedied or
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brown-ngedled wees on the edges of severely bumed: forest.
where Lhc:y can sally-into the-openings created by crown fire.

Respdnse Fattern 2

This pattern i iflustrated by species that showed a shghtly
delayed incréase it abundance, primaiily {hut not niecessarilyj in.
locations that burried at higher severities. [f we hagd confined the.
study to the first year or twoafter fire, these positive responses to
fire would have gone undetected, Ope of thesé spécies {Vesper
Sparrow} appeared after. a brief delay-in the. development . of
sujtable grass-dominated patches, while séveral others (e.g.

Dusky Grouse; Lazuli’ Bunfing; Orange-crowaed Warbler,
Orem‘k!yprs celata) were probably respouding to the develop-
ment of suitable shrub -and seediing layers for foraging and

‘nesting, which varied markedty ffom ong place to. anotherwithm

the burr pecimister, Stll other speécies (e.z. House Wren,
Troglodytes: aedaii; [__.ew1s__:, Woodpetker, Tree Swallow;
Williamson’s Sapsucker} were probably responding to. a

delayed increase in the availability of cavity -nestsites that

became available- either after they wete excavated by wood-
peckers: soon. after fire or afier the larger 5tsmdmg -dead trees
began to soften with decay and break imore edsily in wind everits,
The House Wren ciearly benetitted from tree blowdown and
breakige évents that occurred in the first 6 vears after firo; its

abundance grew steadily to the point that it was thé. miost

abundant species in severely burned forest patches 6-11 years

fter fire:

Severalauthors (e, Hutto 1995; Gentry and Visrling 2007;
Saab el af. 2007) have recognised a delayed increase in popula-
tons of Lewis's Woodpecker following severs fire, and it is
clear that tlie benefit of severe fire to. this woodpecker species
would fof have been detecied in this study had ibe data
collection period been. réstricted to ihe first few yedrs after

fire. The delayed positive tesponses. of other species (2.g.

Williamson's Sapsucker and While-breasted Nuthatch) have
not been described previously and-they: are notable, as we
discuss more fally below. Williamspn’s Sapsucker is nolewor-
thy in that its distiibution was nearly resiricted 1o édge condi-

‘tions between unburned forest patches (where it fed on sap of
:Iwmg trees) aid adjacent burned forest patches {where-it nested

in refatively Targe, decayed or broken-topped trees that became’
abundant after wind events in- severely hurmed patches created
thém a:decade or so afier fire). The delayed increase in White--
breasted Nuthatch detections may be related 16 the ncrease in
dvallabllrty of inseats beneath thick bark alter the bark’ Hegan to
peel. awdy from, of stough. off, dead. Pondérosa Pine, Westem
Larch, and Douglas-fir. Finally, the delayed increase by Westém
Bluchird represents a pattern that has received considerable
dttention {Diekwérth and Badyaev 2007 Duckworth 2008,
2009; 2010, 2012; 2014); Western Bluebirds -are not as well
adapted as Mountain Bluebirds are to colonise burned. forests
sarly-on afterfiré, byt onee they colosise, they are better hmted
to ouicompete the Mounfaln Bluebird in severgly burted hot
spots.

Thic pattern ofa rapid increage in abuhdance iltnstrited by
species listed-under the first response pattemn i well described
and “well ‘appreizted, but the secand patferis of a delayed:
ingrease in severely burned forest patches 15 not widely apjre-
ciated becauss the use-of a single “after fire” category In inany
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previeus fire effects analyses may have hidden the influence of a

defayed tesponse. For.txample, of the 11 published. studies of

bird communities in burned and unburned farests yeviewed. by
Kotliar et ai. {2002}, none separated the effects of fire severity or
time-since-fire, Since that time; pumerpus authors (Hanvah and
Hoyr 2004; Saab 2t of. 2004; Smwicker ¢r al. 2008; Kirkpairick
o gl 30606; Schisck and Song 2008; Kotiar «f ¢/, 2007; Ssab
#1 af 3007; Hutto 2008; Kotliar o 47, 2008; Pons and Clavers
2014; Nappi and Drapesau 2011; Saraces ef gl 2011; Stephens
#t.af; 201 5) have intloded sither fire severity ertime-since-fire
in -their analyses of fire effécts, ‘and all of thesé: gathors
conclided that it is: important to do so. Thiy study serves to
reinforie the'ides that fire éffects cannot be Accurately assessed
in the absence of knowledgc about the context sniTounding a
particular sample tocation and that includes; but is not [imited to,

fire severity and time-since-fire.

Response Patlern 3

This pattern is ilinsirated by spcci'es thatvevealeda faitly abrupt.
or stightly delayed increase in abundance within the fitst year or

tivo following fire; but the positive response. Is fimited to loca--

tions that burned at lower severities. This group includes species
that have. previously been labelled as *mixed’ tesponders in

meti-analyses of fire sEfects {e:g, Kothiar of af, 2002) tecause -

they respoad, posuwely to fire in some shidies and ncgatwcly i}
five. in others. Our results suggest instead that these species do
not respoiid to fire unpredictably; it is just that their response.
depends on fire severity, For example, some of these speties
maintained an efevaied ocousrence rate in locations that Burned
at & Jower severity thtoughout the duration ofthé 1 1-year study
{e.g. Brown-headed Cowbird, Red Crossbill, Red-breasted
Nuthatch; Western Tanager and Ruby- -crowned- Kinglet}, while
others showed a.positive biit brief résponse to low-severity fire
only. fora brief period followmg fire (2.g. Common Raven;
‘Brown. Créeper, Certhia americane; Piltated Waoodpecker;
Bvening Grosbeak; Yellow-rumped. Warbler; Hammond's
Flycatcher; Hermit Thrushy. For those species that showed z
sustained (aibeit smally positive response to Iow~seventy firg, a
predommdmly green-tree forest that bumed. recently at fow
séverity might actually provide a forest condition that is ‘more
suiiablethan a long-unburned, green-tree forest. The species that
revealed abrief and limited increase in abundarice. only during
fhie first yedr or two following fire . may reflect an intlux of
individuals: retuming ffom wintering location§only 1o find many-
of their previously occup_led {ocations- too, severely burned, so
they ther proceeded to squeeze into unburnéd of lightly bumed
forest near previously c-ccupled forest patches. if true,. tieir
relatively High abundance in. n'uidly burned forest may not
reflect dnifable conditions, bul may be a reflection of birds
maling the best of 2 bad situation. A key question Tor future-fire
resenrch would be o detetmine whetherincreases.in numbers of
detections aftér recent fire in mildly bumed green—i:ee stends
reflect conditions that are better in quality, even if only bnaﬂy,
than long unburtied. oréén-tree stands for this group of species;

Response Pattern 4
This pattern. is Hlustrated: by the six species that were less
-abundant in bumed than in unbumed forest immediately

Kinglit,

R. L. Hutth and T A, Pasterson

following firs and sppeared 0 become. eveir fess abundant

across the { L-year ime-span. Forsach ofthese §pecies, thete'was
no combination of fire severity and time-since-fire that resulted
in detection rates that were as great as they’ were in unhorned.
forest. 'Pcrhaps these species do notbenefit inany way from f e,

Indeed, many authors would be quick {o classify the spemes
asspciated with this group of six speciés ad “negative respan-
ders.” However, we know that the-abundances of eagh of these:
six Species will be lower in recently bumed forests only in'the
short-term. This was anly an Ui-year study, and we know thag
thege sami¢ species will reach their highest occurrence rates in
the years to come, Ifthase sceurrence rates reach a peak at some
puintinthe furure before Falling again when the forest teaches an

even oldeér age, ther those species would: alsobemore accurataly .

classified as positive regponders; it is just that thé time Tequired
te show relativeély high abundarice is longer than the Tength.oF

the preséat study. Evén a rudimentary knawledge of naturdl
.hlslory suggesis that many bird species (e o Orange-cmwned

Werbler, MacGiiliviay's Warbler, Calliope Hummingbird and
Lazuli Bunting) benefit from high-severity fire, but the. greatest

positive response capmot usually be detecied until somewhere

between 10 and 30 yéars following severc fire when plant suc-

“gegsion produces ahigh density of conifer seedfings and shribs.

Similarly, the: six species in this last group could be -said to

benefit feom fire if forest conditions. associaied with, hypo-

thetically, a 300«year-old forest are not.ag good as forest con-

.ditions dssociated witha |00~year old-forést because the onlfy

way optitral conditiong for these species tould be ‘restored’
would be through a severe fire eventthat creates their preferred
hubitat B0 years later, Interestingly, Taylorand Barmors { 1950;

Table 2} showed precisely thal pattern for Ruby-crovimied
Yellow-rumped Warbler and Hermit Thrush in
Yeliowstone and Grand Teton National Parks - those spesies
that.are more abundant in century-old than in either younger or
older foresis. Using the same logic, even u speeies that is-more
abundant at year 300 than at year 700 following fire would mean
that severe disturbance: {d:sturbanca severe enough to. trigger
ecological succéssion) is necessary to “restore’ appropriate

forest conditions for that spevies 00 (sée:also Imbean ef af

18059, Schiecl and Sﬂnﬂ’ 2008; Zhav-er a4, "013) Thc important
point is that we cannot assess the effects‘of fire without dats on
bird abundan_;:ps from a more, extended series ot forest. ages
fotlowing fire.

Caveat and management implications

Becase the bird ocourrénce rate at urburned points. was based
on a-different set of years than the neourtence rate forany che of
the two-year post-fite samples, it is possibie. that a significant
difference i the’abundance’ of any ope specles between the
unburned and a particular fire ﬁevemy!nme -since-fire category
resulted from a temporal change in abundance independent of
fire effécts. Howsver, even though gur résilts emerged froma
single fire event that may be best:considered a case study,.a
previous study of bird oceurrence patters dcross hundreds of
fivés.over the past 30 yedrs {see Futto e of. 2015, and references -
thcrem) sbggests that the individual species’ “responses make:
good biglogical sense.and are notartefacts of wnusual increases -
or dechines in bird abundance independent of fire gffects.

Nonetheless, these findings should serve as hypotheses to be
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tested through replicatio_n of independent samples drawa ‘from,
different “tinié-sincesfiré catepories. Only through use of &
chronosequence approach {Huotto and Belple 2013) will we be
able to generate the replication of burned-forest conditions
necessary io evaluaig fire effecls in a manner that will llow usto
appreciate how both fire severity and time-since-fite create the
conditions needed by birds: that respond positively to fre;

The take-honie iesson here is thit we cannot rely on tradi-
tional ‘bumed vs unbomed’ comparigons presenied in most.
published reports on fire sffects fo ussess whether spécies
respond ‘positively-or negatively to fire. Fire severity, fime-
stnce-fire-and other forest vonditions matter to organisms, that
respond positively to disturbance, thersfore we will ‘have to
cousider the kind of forest, ree sizes.and densilies, fire sevent}’
angd time-sinee-fire it we- want to investigate fire effects in a
binlegicaily meaningful way. By consideripg'the effects of just
two ofthose forest condifions here, it is clearthatthe majority of
species incredses in sbundance during pan or ail of the first
dozen years after fire, as-evidenced by sighificant differences in
“rates of detection inside vs outside burned forests: Thus, we
cannpt-gain a thérough understanding of fire @ffects through
resuits that emerge from short-term, beforesand-afier studies;
we need to know more zbout the occurresice rates of. species
acrogs. very long fime spans-if we are to spéak knowledgably

ahout ihe effects of fire on any particular species, Gur. ff ndmg .

ihat 60% of the bird species surveyed are mostabundant in some
stage r:)fforest suceession Followmg fite thar they are in miature
forest is undoubtedly A conservative estimate of the proportion
‘of species that benefit from fire because our data cover only a
relatively short L{syear period following fire.

Not orilyare fhere unambiguous tesponses by .the majority of
bird species fo {ire, but the responses are also highly dependent
ong spaml component associated with fire severlty Ag sug-
sestéd by earlier work that included fite séverity as an mdepen—
dent vanab]e {e.g, Siuckerer 4l 2005; Rotliar et al. 2007, 2008:
Vierling and Lentile 2008 Srephens er«f, 2015), fire. severity
has a dramatic inflirence oni thie probabitity of oecurrence of bird
species, The same pattern was true here for nearly all speeies that
were detected. on at least 10 points: Some species are clearly
most abundant in the {ess severely burned forest patches, while
otfiers are clearly most abundant in the more severely burned
pdtehies. This result is imiportant because it implies that mixed-
severity firg-effetts are nedessary for the crestion ofconditions
needed by the variety of bird species that respond pasitively fo
fire, Evén more importantly, the variety of burned-forest con-
ditions. favoured by differént bird species may be difficult Lo
credte: thruugh a prescription of low.severity understory fire
applied outside the normdl fire season; bécause such-fires do not
generate the hig ,her—seventy patches needed by the species that
are relatively: restricted to forests that have burned severely
(Hutto 2008). Tn'addition; land management practices desigriad

o prevent or eliminate severe fire will also eliminate the very:

conditions réquired by wany of the species h[ghhghted here, as
will post-fire salvige Jogging, which has been documenled ta.
“have overwhelmingly negative ef‘fecl_s on birds ~ ~effects that are
among the strongést'and most consisiént scientifié resulis ever
published onany wildiife managemeént issie (Hutis et 24, 2015)..
Ecologists have long known that severe, stand-replacement
firgs are characteristic of some (mostly subdiping) _ﬁﬁres’t types

e JF, Wildland Firé .}

{Zrown and Smith 2000), but many forest managers and most:
politicians along-with the public at targe are still remarkably
uninformied about the nattiralness and necessiy of severe fire.in
vegetation types bom of, and maiiitained by, severe fire (Hupo
et af, 2016). Even more striking s the near absence of an:
dppreciation for (He datiralness und necéssity 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 hatura] and important part of thiose forests toc (Baker
of al. 2007; Hessburg er af. 2007; Baker 2009; Margoiis «r al.

2011 Pomy ef al. 2071; Bakse 2012; Heyerdahi of al. 2012,

Marlon er al. 2012 Vabien er af, "812. Williams and Bakur
20124, 20128; Odion 2r af, 204 4; Sherritf ot 2. 2014, Williaurs
and Baker 2004 Baker 20154, 20156; Baker and Williums
2015, YocomsKent of af, 2005, Huouo 2 gl 2618): Forthe
lower-efevation mixed-conifer forest types, such as the forest

studied herg, it.is quite clear that soime dimount of severe-fire is

natival and that targe numbers of bird species benefit from the
severe-fire component. Given these results, the challenge is o
educate land managers, polititiang and the publie at large about
the importance of matntaining severe fire on the tandscape and
to design fire-safe communities that can withstand the effects of
severe fire disturbance events(Hutio er el 2014). Only then will
we be in'& position tp inanage for appmpnate amows and sizes

of severely burned forest patches that occirred historicatty and

to celebrate the greation of mosaics of different fire seve'rities

and" post-fite ages: that follow dlrectly from severs fire as a
Tatural-disturbance process,
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