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Short-Term Responses of Birds to Prescribed
Fire in Fire-Suppressed Forests of California
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ABSTRACT Prescribed fire is one tool for restoring fire-suppressed forests, but application of fire during
spring coincides with breeding and arrival of migrant birds. We examined effects of low-severity prescribed
fires on counts of birds in a managed forest in the Sierra Nevada of California immediately, 1 year, and 3–6
years after fire was applied in spring. Of 26 species analyzed, counts of 3 species increased after fire (Pacific-
slope flycatcher [Empidonax difficilis], brown creeper [Certhia americana], and American robin [Turdus
migratorius]), and 6 species decreased after fire (Anna’s hummingbird [Calypte anna], Hutton’s vireo [Vireo
huttoni], warbling vireo [Vireo gilvus], golden-crowned kinglet [Regulus satrapa], Nashville warbler
[Vermivora ruficapilla], hermit warbler [Dendroica occidentalis]). Black-throated gray warbler (Dendroica
nigrescens) increased in the first year following fire but decreased 3–6 years after fire. When grouped into
guilds, habitat association and foraging guild best explained responses to fire, with the greatest changes
occurring for oak-associated species (negative), riparian-associated species (positive), aerial foragers
(positive), and bark foragers (positive). Lastly, when we compared our counts to those collected during
the 1910s, changes were consistent with those predicted from fire suppression and species’ affinity for burned
forests, suggesting that results from contemporary fire studies should be interpreted within an ecological
context that includes effects of fire suppression. We found that low-severity prescribed fires applied in spring
served to drive the bird community towards pre-suppression conditions. � 2011 The Wildlife Society.y
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Historically, much of the lower-elevation forest in the Sierra
Nevada of California was characterized by large, widely
spaced trees maintained by surface fires (Vankat and
Major 1978, Minnich et al. 1995). Fire suppression was
adopted as policy on federal and state lands in California
by 1925, and consequently tree densities, occurrence of
shade-tolerant species, accumulation of woody debris, fire
intensities, and fire-return intervals increased (Vankat and
Major 1978, Parsons and DeBenedetti 1979, Biswell 1989,
Minnich et al. 1995). Prescribed fire is commonly used to
reduce accumulation of fuels that result from fire suppression
(Pollet and Omi 2002, Graham et al. 2004, Finney et al.
2005). Managers typically ignite prescribed fires when inten-
sities will be low, such as in spring, presenting a potential
conflict with breeding activities of forest birds (Erwin and
Stasiak 1979, Kruse and Piehl 1986).

Land management decisions, such as implementation of
prescribed burning, involve balancing targets with a wide
variety of potential costs and benefits related to human and

natural communities. Avian communities are a diverse and
important component of natural communities, but responses
of birds to prescribed fire are not well studied in Western
forests (Finch et al. 1997, Kotliar et al. 2002, Saab and Powell
2005). Additionally, few studies have examined how birds
respond to fires ignited in the spring (Kruse and Piehl 1986,
Robel et al. 1998) when fires can destroy nests or nest sites
and disrupt activities related to breeding, such as territory
establishment. In general, however, prescribed fire reduces
populations of ground and shrub nesting birds (Wilson et al.
1995, Artman et al. 2001, Blake 2005), while benefiting
populations of woodpeckers (Granholm 1982, Blake 2005,
Russell et al. 2009) and species that forage in the air and on
the ground (Wilson et al. 1995, Artman et al. 2001, Blake
2005, Saab et al. 2007, Russell et al. 2009).

Our purpose was to explore how abundance of birds
changed in response to prescribed fires set in the spring in
the Sierra Nevada, California, where populations of many
common avian species are declining (Siegel and DeSante
1999). Fires were set as part of a fuels reduction program in
forests dominated by ponderosa pine (Pinus ponderosa) where
fires had been suppressed for �50 years. We examined
changes in counts of individual species and species guilds
to identify more general habitat relationships that may be
associated with responses to fire. We evaluated responses of
birds to prescribed fire over 3 time periods: immediately or
<2 months, 1 year, and 3–6 years after fire.
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If active suppression of fires has altered current forest
structure and composition as many studies have shown
(Vankat and Major 1978, Parsons and DeBenedetti 1979,
Biswell 1989, Minnich et al. 1995), we would expect these
changes to have affected the bird community. Information
on bird populations prior to fire suppression could provide
perspective on the effects of suppression and the restorative
potential of prescribed fires and other treatments. One of the
earliest datasets that includes count data rather than just
species presence data was collected during surveys headed by
Joseph Grinnell from 1914 to 1920 in the Sierra Nevada
(Grinnell and Storer 1924). Although impacts from Euro-
American settlement were already present by this time, we
assumed that bird communities were still largely influenced
by natural fire regimes. We compared our data from fire-
suppressed forests to this historical dataset to examine if
elimination of fire has affected bird abundances and to
evaluate the potential of prescribed fire to restore avian
communities.

STUDY AREA

Our study area was in the Sierra Nevada within the Big
Creek watershed tributary to Kings River between 1,000 m
and 1,400 m elevation in the Sierra National Forest, Fresno
County, California (378020 N, 1198150 W). Forests were
dominated by ponderosa pine mixed with canyon live oak
(Quercus chrysolepis), California black oak (Quercus kellogii),
incense cedar (Calocedrus decurrens), sugar pine (Pinus lam-
bertiana), and white fir (Abies concolor). Mountain misery
(Chamaebatia foliolosa) was the dominant ground cover.
Study sites included riparian elements, granitic outcrops,
and shrub fields dominated by whiteleaf manzanita
(Arctostaphylos viscida). Fires in the region had been regularly
suppressed since the mid-1900s; historically, however, fires
are thought to have been surface fires of mostly low severity
every 2–12 years (Kilgore 1981, Drumm 1996) or of varying
intensity, with average return intervals of large fires every 50
years (Brown et al. 1999, Minnich et al. 2000). The area was
being managed with prescribed fire and mechanical treat-
ments by the United States Forest Service to reduce accu-
mulated fuels.

METHODS

We selected 9 sites, each �40 ha, in mature forest.
Beginning in 1997, the United States Forest Service burned
portions of the study area in patches that ranged in size from
95 to 550 ha. Prior to this time, no fires had been recorded in
the area for �50 years. Three of our sites were burned in
April 1997, February 1998, and May 1998, respectively, prior
to initiation of our study in 2001; we designated these sites as
3–6 years post-fire (Fig. 1, P1–P3). The remaining 3 sites
were burned between 4 April and 11 April 2002; we des-
ignated these sites as 1 year post-fire (Fig. 1, B1–B3). Three
sites were unburned throughout the study period (Fig. 1,
U1–U3). Fire crews set fires using drip torches and con-
ditions at ignition were similar for all fires.

We measured changes to vegetation before and after burn-
ing in 2002 at 33 and 34 random points at 2 sites (Fig. 1, B2

and B3). We took measurements in an 11.3-m-radius circle
(0.04 ha) centered on each random point, generally follow-
ing methods described by Martin et al. (1997). Within each
plot, we recorded all trees and snags �3 cm diameter at
breast height by species and classified into 5 diameter at
breast height categories (3–8 cm, 8.1–23 cm, 23.1–38 cm,
38.1–53 cm, >53 cm). We counted logs �8 cm in diameter
and 1.0 m in length within a 5-m-radius circle, and we
counted logs �23 cm in diameter and 1.0 m in length in
the entire 11.3-m-radius circle. To obtain estimates of veg-
etative cover, we recorded plant species along 10-m transects
extending from the plot center in the 4 cardinal directions. At
0.5-m increments along each transect, we recorded plant
species intercepting a 2-m pole (James and Shugart 1970).
We measured depth of forest litter at 1 m, 3 m, and 5 m
from plot center for each transect. In addition to vegetation
measurements, we also estimated the percentage of each
0.04-ha sampling plot that burned after prescribed fires.

We estimated fire severity following prescribed fires for all
6 burned sites based on bole char heights where flames
charred trunks of trees (U.S. Park Service 2003), and we
averaged fire severity for 5 live trees near bird nests moni-
tored as part of another study. Although fire severity may
affect how birds select nests sites, nest-site selection should
be similar among burned sites making our measure of fire
severity comparable among sites.

We recorded data on numbers of breeding birds in 2001,
2002, and 2003 between 21 April and 23 May each year. We
conducted surveys using a fixed-distance line transect
method (Jarvinen and Vaisanen 1975, Verner 1985) on 6
visits to each site during the 4-week sampling period for a
total of 162 counts. We permanently marked with posts a
1,000-m transect, consisting of a continuous line or multiple
segments, every 50 m on each site. Parallel segments were

Figure 1. Map of sites we used to count birds from 2001 to 2003 in Sierra
National Forest, California, USA. Unburned sites are designated by ‘‘U,’’
sites burned in 2002 are designated by ‘‘B,’’ and sites 3–6 years post-fire are
designated by ‘‘P.’’ Hatching indicates area where prescribed burns were
being implemented by the United States Forest Service.
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�250 m apart. We surveyed each transect over a 1-hr period
(3 min per 50-m segment) beginning at 0730 hours.
Limitations to survey time and duration reduced potential
temporal variation in detection rates. We recorded all birds
seen or heard as either within or outside of a 50-m band on
either side of the line. We did not conduct surveys in
inclement weather conditions such as rain, snow, or wind.

The number of observers within a year varied from 3 to 6.
Three observers surveyed sites in all 3 years, with 3 additional
observers in 2001 and 1 additional observer in 2002, for a
total of 7 different observers during the 3 years of the study.
We trained all observers on methods with local birds for �2
weeks prior to surveys and observers passed standard hearing
tests. All observers visited all sites within a year to help
control for observer bias.

To allow inferences that included more species and to
facilitate comparisons with previous studies, we examined
nesting guilds, foraging guilds, habitat associations, and
migratory status based in part on information in
Granholm (1982) and Beedy and Granholm (1985;
Appendix). We summed counts over species within guilds
for species with total counts >10 over 3 years.

Historical Perspective

To examine how bird communities have changed over time,
we compared data from our study to a historical dataset
collected by Grinnell and Storer (1924) in Yosemite
National Park, approximately 80 km north of the study area.
Grinnell’s and Storer’s (1924) surveys included the number
of each species detected, approximate path of the observer,
and total time spent recording. Locations surveyed within
Yosemite Valley most closely matched ours in elevation and
dominant tree species, although plant communities differed
to some extent. We selected only morning surveys between
mid-April and mid-May (29 Apr 1916, 15 May 1919, and 16
May 1919). We created a matching dataset of 3 contempo-
rary 1-hr counts by averaging sets of 10 counts from
unburned sites that occurred within 2 days of each date of
the historical counts. Because of the limited nature of the
historical data, we examined differences qualitatively based
on the average count per hour from the 2 time periods.

We wanted to assess whether changes in numbers of birds
counted were consistent with predictions related to adoption
of fire suppression policies, which occurred near the time of
the historical counts. Specifically, if numbers of birds have
been affected by fire suppression, we predicted that species
that respond positively to fire would have declined and
species that respond negatively to fire would have increased.
To categorize species by their likely response to fire, we
compiled responses published in the literature and avoided
studies that included mechanical treatments except in 1 case
where the vegetation treatment included fire, was designed to
mimic historical conditions, and included several species of
interest for which there were no other published results
(Kilgore 1971). We included only those studies that
examined low severity fires, which we felt would also be
similar to prescribed fire and common historical fires. We did
not attempt to reinterpret published data and simply com-

piled responses as noted by authors. We were particularly
interested in the direction of response, but studies varied
widely in scope and methods. Neutral responses likely
included Type I errors, so we emphasized an identified
response over non-response to categorize species by exclud-
ing results for species with <10 total detections and classi-
fying a species as responding if �25% of published studies
identified the species as responding positively or negatively to
fire; we categorized all others as non-responding.

Statistical Analyses

We evaluated changes in vegetation by comparing measures
before and after prescribed burning using a 2-sample t-test
with a Satterthwaite adjustment for unequal variances. We
assessed vegetation at 3 structural levels: ground, shrub, and
tree. For ground level, we analyzed depth of litter (mm),
numbers of small and large logs, and percent cover of moun-
tain misery. For shrub level, we analyzed percent cover of all
shrub species combined. For tree level, we analyzed the
number of trees in each diameter class, with the 2 largest
classes combined due to low numbers of large trees, and total
number of snags �3 cm in diameter.

Our index of abundance was the mean number of individ-
uals of a species counted over the 6 visits within a given year
on each transect. Although we counted birds within and
beyond a 50-m belt, we used all birds detected in our analyses
because there was variation among observers in estimating
the boundaries of the belt. Differences in rates of detection
between burned and unburned areas are of concern
(Buckland et al. 2001, Johnson 2007), although they may
be limited with prescribed fire in these forest types (Russell
et al. 2009). Most detections were aural and differences in
sound attenuation between burned and unburned areas were
unlikely to be large enough to affect counts considering that
there were only minor changes to vegetation structure from
patchy surface fires.

We evaluated changes in birds counted on burned transects
relative to unburned for species with counts �35 per treat-
ment (unburned, burned 2002, burned 1997–1998). For
guilds, we summed the index across member species and
burn effects analyzed similarly. We used generalized estimat-
ing equations (GEE) to fit generalized linear models with
repeated measures, which we included to account for count-
ing birds on the same site in multiple years. Because our data
are a time series, we specified the covariance matrix as
autoregressive (lag of 1 year), except in 1 case where the
model did not converge and we used an exchangeable covari-
ance matrix. We used a negative binomial distribution with a
ln link function to model counts unless models would not
converge or standard errors for the GEE estimates seemed
unusually high, when instead we used a Poisson distribution.
Standard errors remained high for the immediate and 1-year
post-fire analyses of Hammond’s flycatcher (Empidonax
hammondii), thus we made no conclusions about response
to fire within 1 year of burning for this species.

We used linear contrasts within GEE to examine differ-
ences in counts for 3 time periods post-fire (immediate,
1 year, and 3–6 years). For sites burned in 2002, we had
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pre-burn data, thus we were able to evaluate responses to
burning within a before–after control–impact (BACI)
framework by examining the interaction of treatment
(burned vs. unburned) and time (before vs. after;
Underwood 1993). We evaluated 2 time periods in this
analysis, the period immediately following ignition with
counts completed within 2 months of burning (i.e., 2002
where fire was applied �2 weeks before counting) and 1 year
after fire using counts from both 2002 and 2003. For the
third time period (3–6 years post-fire), we lacked pre-burn
data, therefore we assumed sites were similar prior to burning
in 1997–1998. These models included survey year as well as
treatment, the effect of interest. To aid interpretation, we
back-transformed parameter estimates and standard errors to
their original scale using ex. We interpreted these estimates
similar to regression coefficients with no effect equal to 1.0
(Hosmer and Lemeshow 2000).

RESULTS

Fires often burned for several weeks and were patchy in
distribution, leaving unburned patches around rock outcrops
and streams, creating a mosaic across sites. The area burned
averaged 47% (SD ¼ 39.6), with average bole char heights
from 1997 to 1998 burns (x ¼ 1.23 m, SD ¼ 1.04, max. ¼
5 m) 43% higher than for 2002 burns (x ¼ 0.86 m, SD ¼
0.92, max. ¼ 4.4 m). Litter depth and shrub cover were
reduced after fire and cover of mountain misery increased;
numbers of logs, trees, and snags in all size classes did not
change (Table 1).

We analyzed counts of 26 individual species (Table 2).
Overall, counts of 6 species decreased and 3 species increased
at some point after fire (Table 2). Counts of Anna’s hum-
mingbird (Calypte anna) were reduced 65% immediately
following burning, and Hutton’s vireo (Vireo huttoni),
golden-crowned kinglet (Regulus satrapa), and hermit war-
bler (Dendroica occidentalis) were reduced throughout the first
year after fire. Counts of Nashville warbler (Vermivora rufi-
capilla) and warbling vireo (Vireo gilvus) were lower 3–6 years
after fire by 61% and 59%, respectively. Counts of American

robin (Turdus migratorius) increased after fire during all 3
time periods, Pacific-slope flycatcher (Empidonax difficilis)
only increased within 1 year of fire, and brown creeper
(Certhia americana) only increased during the period 3–6
years after fire. Black-throated gray warbler (Dendroica
nigrescens) was the only species with a mixed response; counts
increased approximately 24% within 1 year of burning but
decreased by 75% 3–6 years post-fire (Table 2). Changes in
all species combined as well as mountain quail (Oreortyx
pictus), Cassin’s vireo (Vireo cassinii), and spotted towhee
(Pipilo maculatus) were <10% across all time periods.

For species’ guilds, counts of riparian-associated species
and aerial foragers increased within 1 year of fire, whereas
counts of bark foragers increased only 3–6 years after fire
(Table 3; Appendix). In contrast, counts of conifer-associ-
ated species decreased by 18% within 1 year of fire and counts
of oak-associated species decreased 54% only 3–6 years after
fire. Counts of canopy foragers decreased 18–27% within 1
year of fire, whereas understory foragers were consistently
unaffected. Snag nesters were the only nesting guild that
responded to fire and were 76% more abundant on sites 3–6
years after fire (Table 3).

Historical Perspective
Although the overall rate of detections was similar between
historical and contemporary counts (x ¼ 95.3/hr, SD ¼
14.7 vs. 98.4/hr, SD ¼ 4.8, respectively), the distribution
of counts differed by species (Table 4). Presence of brown-
headed cowbirds (Molothrus ater) in contemporary counts is
conspicuous.

We compiled observed responses of bird species to fire from
13 published studies and this study (Table 4). We could find
no published results that met our criteria for 4 species and,
thus, used responses from our current analysis exclusively
(Table 4). We expected positive responders to low severity
fire to have declined in the absence of fire, which was true for
4 of 7 species (black-headed grosbeak [Pheucticus melanoce-
phalus], American robin, western wood-pewee [Contopus
sordidulus], and yellow-rumped warbler [Dendroica coronata];
Table 4). We expected negative responders to increase in the

Table 1. Vegetation variables measured before (1996–1999) and after (2002) burning on random 0.04-ha plots (n ¼ 67) in Sierra National Forest, California,
USA. We measured diameter at breast height at 1.3 m from the ground. Mountain misery (Chamaebatia foliolosa) was the dominant ground cover species.

Vegetation variable

Before After

t Px SE x SE

Ground level
Litter depth (mm) 73.8 4.6 15.9 1.3 �12.06 <0.001
No. of logs >23 cm diam 4.2 0.5 4.1 0.5 �0.07 0.95
No. of logs 8–23 cm diama 4.0 0.5 4.0 0.5 �0.15 0.88
Percent cover mountain misery 21.3 3.7 30.7 2.8 2.02 0.045

Shrubs
Percent shrub cover 13.4 2.3 5.6 1.0 �3.13 0.002

Trees
No. of live trees 3–8 cm dbh 44.8 4.2 44.4 4.2 �0.06 0.95
No. of live trees 8.1–23 cm dbh 25.6 3.0 28.4 2.9 0.68 0.49
No. of live trees 23.1–38 cm dbh 5.0 0.5 5.3 0.5 0.41 0.68
No. of live trees >38 cm dbh 3.3 0.3 3.6 0.3 0.65 0.52
No. of snags �3 cm dbh 17.0 3.2 25.7 3.4 1.87 0.06

a Measured in a 5-m radius circle and thus is per 0.008 ha.
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absence of fire, which was true for 7 of 9 species (Nashville
warbler, spotted towhee, golden-crowned kinglet, Hutton’s
vireo, mountain quail, Hammond’s flycatcher, Anna’s hum-
mingbird; Table 4). Changes in counts of Pacific-slope
flycatcher and warbling vireo over time were opposite those
predicted by our fire suppression hypothesis.

DISCUSSION

We observed short-term (�6 yr) changes in relative abun-
dance for 9 of 26 species in response to low severity pre-
scribed fires (Table 2). Our findings and those from similar
studies were consistent with respect to the direction of
change for most species (Table 4).

Any aversion to smoke and flames during burning, which
we thought would be especially probable in the spring, was
either too weak or short-lived to detect, as nearly all species
that responded immediately to fires showed a continued
response 1 year after fire (Table 2). Therefore, aversion or
attraction to burned areas seemed related to changes in
vegetation or other resources that lasted into the following
year. Although it appeared that breeding activities, such as
singing, were not disrupted, nests are still vulnerable to fire in
the spring (Kruse and Piehl 1986, Bagne and Purcell 2009).

Overall, counts of most species did not change in response
to low severity spring fires. Heterogeneity in burning and
restriction of fires to the understory may have left critical
resources intact (Emlen 1970). The 2 low-nesting species
that increased in response to fire, American robin and
Pacific-slope flycatcher, nest in more mesic conditions
(Small 1994) that are less prone to burning than the drier
oak and shrub vegetation communities preferred by 2 low-
nesting species that decreased in response to fire, black-
throated gray warbler and Hutton’s vireo (Small 1994). In
contrast, strong stability in numbers, where there was <10%
variation between counts in burned and unburned forests in
any time period, included 2 ground nesting species and
would seem to be due to more than just use of residual
unburned patches. Behavioral plasticity and site fidelity have
been suggested as mechanisms behind lack of response to
disturbance (Wiens and Rotenberry 1985, Petersen and Best
1987) and likely played a role in our study.

Some guilds were useful in predicting responses to fire,
particularly those related to foraging or habitat association.
Both snag nesters and bark foragers, guilds with substantial
overlap, increased in response to fire. Although snags are
combustible, they are also created by fire (Bagne et al. 2008).

Table 2. Results from negative binomial or Poisson regression analysis of fire effects on counts of individual bird species for 3 time periods encompassing bird
counts from 2001 to 2003 and fires set 1997–2002 in Sierra National Forest, California, USA. We based estimates (ex where x ¼ parameter estimate from ln link
model) of fire effects from generalized estimating equations (GEE) models on contrasts for each time period. Estimates of immediate (<2 months post-fire) and
1 year post-fire are from the interaction of time � treatment in a before–after control–impact (BACI) context. Estimates for sites 3–6 years post-fire contrast
burned and unburned sites but do not include prefire data.

Speciesa

Immediateb 1 year post-firec 3–6 years post-fire vs. unburnedc

Estimate SE P Estimate SE P Estimate SE P

Mountain quail 0.93 0.32 0.83 1.03 0.28 0.90 0.95 0.15 0.75
Anna’s hummingbird 0.35 0.20 0.03 0.57 0.38 0.31 1.09 0.28 0.73
Acorn woodpecker 0.94 0.23 0.79 0.92 0.27 0.77 0.66 0.26 0.24
Northern flicker 0.80 0.13 0.16 0.81 0.13 0.17 1.17 0.15 0.23
Western wood-pewee 1.00 0.20 1.00 1.12 0.25 0.59 0.79 0.55 0.68
Hammond’s flycatcher 3.75 5.30d 0.14 3.70 4.90d 0.13 0.62 0.45 0.41
Pacific-slope flycatcher 1.86 0.41 0.004 1.86 0.43 0.005 1.10 0.65 0.86
Cassin’s vireo 1.01 0.19 0.95 1.01 0.18 0.94 1.00 0.28 1.00
Hutton’s vireo 0.60 0.15 0.04 0.62 0.13 0.02 0.68 0.18 0.12
Warbling vireo 1.08 0.20 0.67 1.18 0.17 0.26 0.41 0.21 0.046
Steller’s jay 0.89 0.13 0.42 0.95 0.20 0.79 1.01 0.14 0.96
Red-breasted nuthatch 0.94 0.31 0.83 0.96 0.30 0.89 1.78 0.78 0.15
Brown creeper 1.62 0.47 0.08 1.30 0.25 0.16 2.36 0.90 0.02
Winter wren 0.80 0.18 0.32 0.83 0.15 0.27 1.13 0.97 0.85
Golden-crowned kinglet 0.13 0.06 <0.001 0.21 0.08 <0.001 1.04 0.73 0.94
American robin 2.25 0.65 0.003 2.07 0.71 0.02 1.58 0.35 0.03
Nashville warbler 0.73 0.15 0.11 0.74 0.16 0.14 0.39 0.15 0.008
Yellow-rumped warbler 1.20 0.49 0.62 1.23 0.40 0.50 1.47 0.34 0.09
Black-throated gray warbler 1.24 0.11 0.02 1.24 0.13 0.046 0.25 0.11 <0.001
Hermit warbler 0.52 0.11 0.002 0.53 0.09 <0.001 0.74 0.29 0.40
Western tanager 0.57 0.22 0.12 0.68 0.28 0.30 0.96 0.31 0.89
Spotted towhee 0.93 0.12 0.58 0.92 0.12 0.51 1.06 0.20 0.74
Dark-eyed junco 0.86 0.23 0.54 0.87 0.22 0.58 1.30 0.21 0.11
Black-headed grosbeak 1.02 0.18 0.90 1.02 0.19 0.91 0.69 0.33 0.38
Brown-headed cowbird 0.76 0.23 0.34 0.71 0.15 0.11 1.01 0.38 0.98
Purple finch 1.36 0.47 0.34 1.06 0.31 0.82 1.03 0.28 0.91
Total abundance (all species) 0.92 0.07 0.33 0.96 0.08 0.99 0.99 0.04 0.76

a Scientific names are listed in Appendix.
b Counts from 6 sites and 2 years.
c Counts from 6 sites and 3 years.
d Due to high SEs, we considered these effects to be inconclusive because of poor model fit.
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Counts of aerial foragers increased after fire, a result found in
studies of both wildfire (Bock and Lynch 1970, Raphael et al.
1987, Kotliar et al. 2002, Morissette et al. 2002) and pre-
scribed fire (Woinarski 1990, Artman et al. 2001). Counts of
species associated with open forests, however, did not change
nor were tree densities reduced. Aerial foragers may have
responded to an increase in aerial insect prey (Granholm
1982). Unexpectedly, we found a decrease in counts of
canopy foragers and high-nesting species despite minimal
burning in the upper canopy. Although Granholm (1982)
found a similar response to prescribed fire in foliage-gleaning
insectivores suggesting that smoke and heat from the fire
caused mortality of foliage insects, this does not explain the
continued response we found for this group 3–6 years after
fire.

We found changes in counts of 2 guilds that are conserva-
tion priorities in the Sierra Nevada: riparian and oak-associ-
ated species (Siegel and DeSante 1999). Riparian species
increased in the first year following fire even though riparian
areas seldom burned. Numbers of birds associated with oaks
were lower with burning, although the fires did not reduce
numbers of trees, including oaks. Oaks are uncommon com-
pared to conifers in these forests but are disproportionately
important for foraging and nesting (Rodewald 2003, Purcell
and Drynan 2008). Regional declines of oak-associated
species are thought to be due, in part, to poor oak regener-
ation that in mixed forests, such as those in our study, may be
impeded by fire-suppression (McClaran and Bartolome
1989, Siegel and DeSante 1999, Garrison et al. 2002).

Vegetation measurements revealed a high density of trees
on our contemporary unburned reference sites, which are

characteristic of fire-suppressed forests in the region
(Vankat and Major 1978, Parsons and DeBenedetti 1979,
Minnich et al. 1995). We counted approximately 848 stems/
ha >8 cm diameter at breast height (Table 1). The best
historical dataset for stem density is from the 1930s in the
San Bernardino Mountains, a more southerly range in
California, with an average of 250 stems/ha >12 cm
diameter at breast height (Minnich et al. 1995). Although
repeated burning is planned for the study area, this first
application of fire did little to restore past forest structure.

Although the forests we studied were altered to some
extent by the time the historical data were collected
(Gibbens and Heady 1964), changes in detection between
the 1910s and the early 2000s corresponded with our pre-
dictions for most species, suggesting that suppression of fire
in this fire-adapted landscape has likely altered structure of
the bird community. Historical conditions and restoration
goals are especially meaningful when they encompass evol-
utionary relationships such as the role natural fire regimes
play in shaping bird communities (Hutto 2008).
Significantly, early advocates of fire suppression failed to
recognize these relationships (Greeley 1920, U.S.
Biological Survey 1922).

MANAGEMENT IMPLICATIONS

The structure of natural communities surely reflects the
consequences of important historical or cumulative impacts,
such as fire suppression, which is significant for management
and restoration. For example, species that decline in response
to fire may not require special attention when planning burns
if their populations are high as a result of fire suppression

Table 3. Results from negative binomial or Poisson regression analysis of fire effects on guilds for 3 time periods encompassing bird counts from 2001 to 2003
and fires set 1997–2002 in the Sierra National Forest, California, USA. We based estimates (ex where x ¼ parameter estimate from ln link model) of fire effects
from generalized estimating equations (GEE) models on contrasts for each time period. Estimates >1 indicate increases in response to prescribed fire and
estimates <1 indicate decreases. Estimates of immediate (<2 months post-fire) and 1 year post-fire are from the interaction of time � treatment within a
before–after control–impact (BACI) context. Sites 3–6 years post-fire contrast burned and unburned sites, but do not include prefire data.

Guilda

Immediateb 1 year post-firec 3–6 years post-fire vs. unburnedc

Estimate SE P Estimate SE P Estimate SE P

Nesting guild
Snag nesters 1.10 0.15 0.50 1.10 0.16 0.51 1.76 0.55 0.05
Ground nesters 0.83 0.12 0.19 0.85 0.13 0.29 0.89 0.08 0.22
High nesters 0.82 0.12 0.17 0.85 0.11 0.18 0.94 0.19 0.76
Low nesters 1.01 0.11 0.93 1.01 0.11 0.93 0.87 0.12 0.34

Migratory status
Residents 0.87 0.11 0.24 0.87 0.10 0.23 1.16 0.12 0.14
Short-distance migrants 1.02 0.13 0.89 1.02 0.12 0.86 1.20 0.19 0.24
Long-distance migrants 0.95 0.08 0.51 0.96 0.10 0.57 0.76 0.08 0.006

Habitat association
Oak associated 0.81 0.11 0.12 0.82 0.12 0.10 0.46 0.13 0.003
Riparian associated 1.57 0.19 <0.001 1.57 0.19 <0.001 1.21 0.38 0.53
Conifer associated 0.81 0.02 <0.001 0.82 0.01 <0.001 1.17 0.25 0.46
Open associated 0.90 0.12 0.40 0.90 0.15 0.52 1.17 0.10 0.07

Foraging guild
Aerial foraging 1.71 0.42 0.03 1.71 0.43 0.03 1.15 0.233 0.62
Bark foraging 1.20 0.26 0.39 1.20 0.24 0.36 2.15 0.77 0.02
Understory foraging 0.96 0.07 0.58 0.96 0.08 0.60 1.09 0.08 0.25
Canopy foraging 0.81 0.09 0.06 0.82 0.10 0.09 0.73 0.08 0.006

a Guild assignments of species are listed in Appendix.
b Counts from 6 sites and 2 years.
c Counts from 6 sites and 3 years.
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(Beedy 1982), which was likely true for Hutton’s vireo,
golden-crowned kinglet, and Nashville warbler. This
broader perspective can also be important for management
of bird habitats. For example, prescribed fire appeared to be
detrimental to oak-associated bird species because of short-
term declines in burned areas. Because oaks depend on fire
and other types of disturbances to regenerate, fire suppres-
sion will not maintain oak-associated bird species over the
long term (Garrison et al. 2002). Ultimately, fire suppression
will not benefit those species that respond negatively to fire,
because fires cannot be suppressed indefinitely (Reinhardt
et al. 2008). For species that responded positively to fire, such
as riparian-associated species, prescribed fire could help
reverse declining trends (Siegel and DeSante 1999).
Because many of the changes we detected were in the direc-

tion that could shift bird numbers towards historical pattern
of abundance, low severity prescribed fires have potential as a
tool for restoring the structure of avian communities in
forests where fires have been suppressed.
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Table 4. Average count/hr and SE of bird species surveyed 1916–1919 in Yosemite National Park, California, USA (Grinnell; n ¼ 3) and 2001–2003 in Sierra
National Forest, California, USA (unburned sites only; n ¼ 30) grouped by predicted change in counts resulting from fire suppression. We predicted that species
observed to have a positive response to low severity fire would decrease in response to fire suppression and have relatively high historical counts, whereas species
observed to have a negative response to fire would increase and have relatively low historical counts. We compiled observed responses of bird species to fire from
our study and other published studies based on the number of citations where�25% of authors observed a positive or negative response. We ordered species by
response (positive, negative, none) and by descending magnitude of predicted change between mean counts. We ordered species with no observed response by
descending difference between 2001–2003 counts and 1916–1919 counts.

Species

Observed response to fire Predicted response
to fire suppression

Count/hr

Positive None Negative 1916–1919 SE 2001–2003 SE

Western wood-pewee 4b,k,l,m 3a,c,g 1n Decrease 6.0 3.7 2.1 1.6
American robin 6a,b,e,i,j,m 6c,d,f,g,l,k Decrease 5.6 1.1 2.2 0.4
Black-headed grosbeak 1e 3a,b,c Decrease 9.7 4.9 6.4 0.5
Yellow-rumped warbler 2c,g 6a,b,f,k,m,n Decrease 4.6 0.9 1.8 0.6
Western tanager 3f,g,n 5a,b,e,l,m Decrease 3.3 2.5 3.6 1.1
Steller’s jay 3e,l,m 4a,b,c,m Decrease 2.6 1.1 3.4 0.8
Pacific-slope flycatcher 1a Decrease 0 2.8 0.6
Nashville warbler 1m 2a,b Increase 1.3 1.1 10.0 1.7
Spotted towhee 1e 2a,m 2b,c Increase 1.9 1.4 9.4 2.4
Golden-crowned kinglet 1m 3a,f,l Increase 0.3 0.4 3.9 1.5
Hutton’s vireo 1a Increase 0 3.4 0.9
Mountain quail 1a 1b Increase 0.1 0.1 2.7 0.7
Hammond’s flycatcher 3a,b,f 1l Increase 0 1.8 0.3
Anna’s hummingbird 1a Increase 0 0.9 0.1
Hermit warbler 1b 1a Increase 6.3 1.6 5.5 0.8
Warbling vireo 4b,c,f,m 2a,k Increase 10.1 1.2 2.4 0.4
Dark-eyed junco 2d,g 9a,b,f,h,i,k,l,m,n None 2.7 2.7 8.5 0.8
Black-throated gray warbler 1a None 0.3 0.4 2.4 0.4
Winter wren 3a,b,f None 0 1.9 0.5
Brown-headed cowbird 1d 7a,f,g,h,i,k,m None 0 1.6 0.2
Acorn woodpecker 2a,c None 0.3 0.4 1.7 0.4
Brown creeper 1a 5b,f,g,l,m None 1.0 0.7 1.5 0.3
Northern flicker 1d 10a,b,e,f,g,h,i,j,k,m 1l None 1.1 0.1 1.3 0.5
Red-breasted nuthatch 1g 5a,b,f,l,m 1c None 2.6 1.1 2.4 0.8
Purple finch 2a,b None 3.7 2.0 2.7 0.7
Cassin’s vireo 1g 3a,b,f 1m None 5.1 2.0 3.2 1.0

a Current study.
b Kilgore (1971).
c Kirkpatrick et al. (2006).
d White et al. (1999).
e Kotliar et al. (2007).
f Smucker (2005).
g Bock and Bock (1983).
h Wilson et al. (1995).
i Blake (2005).
j Artman et al. (2001).
k Dieni and Anderson (1999).
l Granholm (1982).
m Russell et al. (2009).
n Dickson et al. (2009).
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Common name Scientific name Nesting guilda Migratory statusb Habitat associationc Foraging guildd

Mountain quail Oreotyx pictus GN RS PA UF
Band-tailed pigeon Columba fasciata LN SD OA CF
Mourning dove Zenaida macroura NA RS PA UF
White-throated swift Aeronautes saxatalis NA LD PA AF
Anna’s hummingbird Calypte anna NA SD NA UF
Belted kingfisher Ceryle alcyon NA SD RA NA
Acorn woodpecker Melanerpes formicivorus SN RS OA CF
Red-breasted sapsucker Sphyrapicus ruber SN NA RA BF
Downy woodpecker Picoides pubescens SN RS RA BF
Hairy woodpecker Picoides villosus SN RS CA BF
White-headed woodpecker Picoides albolarvatus SN RS CA BF
Northern flicker Calaptes auratus SN SD PA UF
Pileated woodpecker Dryocopus pileatus SN RS CA BF
Olive-sided flycatcher Contopus cooperi HN LD PA AF
Western wood-pewee Contopus sordidulus HN LD OA AF
Hammond’s flycatcher Empidonax hammondii HN LD CA AF
Dusky flycatcher Empidonax oberholseri LN LD PA AF
Pacific-slope flycatcher Empidonax difficilis LN LD RA AF
Black phoebe Sayornis nigricans NA NA RA AF
Cassin’s vireo Vireo cassinii LN LD RA CF
Hutton’s vireo Vireo huttoni LN RS OA CF
Warbling vireo Vireo gilvus HN LD OA CF
Steller’s jay Cyanocitta stelleri LN RS CA NA
Common raven Corvus corax HN RS NA NA
Mountain chickadee Poecile gambeli SN RS CA CF

(Continued )

APPENDIX

List of common and scientific names and guild assignment for bird species with total count >10 from 2001 to 2003 in Sierra
National Forest, California, USA.
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APPENDIX. (Continued )

Common name Scientific name Nesting guilda Migratory statusb Habitat associationc Foraging guildd

Bushtit Psaltriparus minimus LN RS NA NA
Red-breasted nuthatch Sitta canadensis SN RS CA BF
Brown creeper Certhia americana SN RS CA BF
Winter wren Troglodytes troglodytes NA RS RA UF
American dipper Cinclus mexicanus NA RS RA NA
Golden-crowned kinglet Regulus satrapa HN RS CA CF
Ruby-crowned kinglet Regulus calendula NA LD NA CF
Townsend’s solitaire Myadestes townsendi LN SD PA NA
Hermit thrush Catharus guttatus LN LD CA UF
American robin Turdus migratorius LN SD RA UF
Wrentit Chamaea fasciata LN RS NA UF
Cedar waxwing Bombycilla cedrorum NA SD NA NA
Orange-crowned warbler Vermivora celata NA LD RA CF
Nashville warbler Vermivora ruficapilla GN LD OA CF
Yellow-rumped warbler Dendroica coronata HN LD CA CF
Black-throated gray warbler Dendroica nigrescens LN LD OA CF
Townsend’s warbler Dendroica townsendi NA LD NA CF
Hermit warbler Dendroica occidentalis HN LD CA CF
MacGillivray’s warbler Oporornis tolmiei LN LD CA UF
Wilson’s warbler Wilsonia pusulla LN LD RA UF
Western tanager Piranga ludoviciana HN LD CA CF
Spotted towhee Pipilo maculatus GN RS PA UF
Chipping sparrow Spizella passerina LN NA PA UF
Song sparrow Melospiza melodia GN SD PA UF
Dark-eyed junco Junco hyemalis GN SD PA UF
Black-headed grosbeak Pheucticus melanocephalus LN LD NA CF
Brown-headed cowbird Molothrus ater NA SD PA UF
Pine siskin Carduelis pinus NA NA CA CF
Purple finch Carpodacus purpureus HN SD CA CF

a Nesting guilds: SN, snag nesting; GN, ground nesting; LN, low nesting; HN, high nesting; NA, no assignment.
b Migratory status: LD, long distance migrant; SD, short-distance migrant; RS, resident.
c Habitat associations: CA, conifer associated; OA, oak associated; RA, riparian associated; PA, open-forest associated.
d Foraging guilds: AF, aerial foraging; CF, canopy foraging; UF, understory foraging; BF, bark foraging.
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