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Fire is a widespread natural disturbance agent in most conifer-dominated forests. In light of climate 
change and the effects of fire exclusion, single and repeated high-severity (stand-replacement) fires have 
become prominent land management issues. We studied bird communities using point counting in the 
Klamath-Siskiyou ecoregion of Oregon, USA at various points in time after one or two high-severity fires. 
Time points included 2 and 3 years after a single fire, 17 and 18 years after a single fire, 2 and 3 years after 
a repeat fire (15 year interval between fires), and >100 years since stand-replacement fire (mature/old­

growth forest). Avian species richness did not differ significantly among habitats. Bird density was 
highest 17 and 18 years after fire, lowest 2 years after fire, and intermediate in repeat burns and 
unburned forest. Bird community composition varied significantly with habitat type (A = 0.24, 
P < 0.0001) with two distinct gradients in species composition relating to tree structure (live to dead) 
and shrub stature. Using indicator species analysis, repeat burns were characterized by shrub-nesting 
and ground-foraging bird species while unburned mature forests were characterized by conifer-nesting 
and foliage-gleaning species. Bird density was not related to snag basal area but was positively related to 
shrub height. Contrary to expectations, repeated high-severity fire did not reduce species richness, and 
bird densities were greater in repeat burns than in once-burned habitats. Broad-leaved hardwoods and 
shrubs appear to play a major role in structuring avian communities in the Klamath-Siskiyou region. In 
light of these results, extended periods of early seral broadleaf dominance and short-interval high-

severity fires may be important to the conservation of avian biodiversity. 
© 2009 Elsevier B.V. All rights reserved. 
1. Introduction 

In most coniferous forests, fire is a dominant ecological process 
promoting and maintaining ecosystem structure, function, and 
biodiversity at multiple spatial scales (Pickett and White, 1985; 
Agee, 1993; Attiwill, 1994; Pyne et al., 1996; Lindenmayer et al., 
2004; Vandvik et al., 2005). Over time, the frequency and intensity 
of repeated fires may act to retain or exclude particular species and 
regulate forest structure and seral stage (Agee, 1993; Pyne et al., 
1996). Recurrent disturbance by low-severity fire is well known 
from fire history studies, particularly in drier forest types (Pyne 
et al., 1996; Swetnam et al., 1999). However, high-severity fires 
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recurring over short time scales have received little attention 
despite their known occurrence in several vegetation types, 
notably chaparral and mixed conifer forests (Zedler et al., 1983; 
Agee, 1993; Delitti et al., 2005). Recent increases in the frequency 
and extent of large wildfires in western North America (Westerling 
et al., 2006) raises the probability of recurrent (short-interval) 
high-severity fires via greater probability of fire overlap. Thus, 
managers and policy makers have an increased need to better 
understand the ecological consequences of short-interval high-
severity fire on ecosystems, particularly in light of the stated goal 
of most postfire rehabilitation to reduce the risk of recurrent fires 
(McIver and Starr, 2001; Brown et al., 2003). 

A second fire may simply reset a successional clock, creating 
communities indistinguishable from those occurring after just one 
fire; or repeat fires may provide a novel set of ecological conditions, 
such as altered species composition, vegetation structure, and 
nutrient cycling. Limited evidence suggests that repeated short-
interval fires may be unique (Zedler et al., 1983; Delitti et al., 2005; 
Johnstone, 2006; Donato et al., 2009), although the influence of 
inter-fire interval, vegetation type, and environmental conditions 
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Fig. 1. Study area located in the Klamath-Siskiyou Mountains of southwestern 
Oregon, USA. The Silver and Galice Fires burned in 1987 and the Biscuit Fire burned 
in 2002, completely reburning the Silver Fire. 
remain poorly understood. Additionally, it is unknown whether 
repeat burn communities and single-fire communities will 
converge into similar communities over time. Rate of change in 
postfire communities and the timescale over which they retain 
early successional characteristics are not clear. 

Many species of birds are adapted to, or dependent upon, 
disturbances such as fire or insect outbreaks in all or portions of 
their distribution (MacArthur, 1958; Brennan et al., 1998; Saab and 
Powell, 2005). Fire heavily influences vertical and horizontal 
heterogeneity of vegetation; characteristics well known to 
structure avian communities in terms of abundance and species 
richness (MacArthur and MacArthur, 1961; Holmes et al., 1979). 
Recognition of the importance of postfire early seral habitats for 
birds and the uniqueness of postfire bird communities has been 
documented across many ecosystem types ranging from boreal 
regions to Mediterranean systems to pine forests of the south­
western and southeastern U.S. (Brennan et al., 1998; Herrando 
et al., 2003; Bock and Block, 2005; Hannon and Drapeau, 2005; 
Noss et al., 2006). Research has largely been focused on short-term 
(<5 years) responses of birds to single high-severity fire events in 
boreal (Morissette et al., 2002) and mixed conifer forests (Smucker 
et al., 2005) and single prescribed fires in pine-dominated forests 
(Bock and Block, 2005; Engstrom et al., 2005; Hurteau et al., 2008). 
Studies of repeated fire and fire interval on birds are limited to 
repeated prescribed surface fire in longleaf pine forests (Pro­
vencher et al., 2002; Whiting et al., 2007) and grasslands (Reinking, 
2005). Thus avian response to short-interval high-severity fires in 
forested ecosystems remains poorly studied. This is key informa­
tion for forest managers tasked with conserving disturbance-
dependent bird species as well as landscape-scale avian biodi­
versity. 

We conducted our study in the Klamath-Siskiyou region in 
northwestern North America that is characterized by a wet 
Mediterranean climate and a mixed severity fire regime in which 
fires burn every 5–75 years (Agee, 1993; Taylor and Skinner, 
1998). The mixed severity fire regime is among the most complex 
and least understood of ecological disturbance regimes; the 
combination of surface and stand-replacement fire over varying 
spatial and temporal scales results in a complex mosaic of plant 
communities and successional stages on the landscape (Agee, 
1993). In stand-replacement patches, rapid vegetation recovery 
and resulting fuel continuity create the potential for recurrent 
high-severity fires over short (�decadal, <50 years) time scales 
(Thompson et al., 2007). A related study (Donato et al., 2009) 
found that nearly all plant species found in mature/old-growth 
stands were present at similar relative abundance in both long-
interval and short-interval burns, indicating high community 
persistence through multiple high-severity fires. The short-
interval burn had the highest species richness and total plant 
cover with additions of disturbance-associated forbs and low 
shrubs, likely due to a propagule bank of early seral species that 
developed between fires. 

Our objectives were to compare bird communities at different 
times since stand-replacement fire and use the unique opportunity 
afforded by the 200,000 ha Biscuit Fire – which reburned a pre­
existing 15-year old fire – to assess the effect of short-interval 
repeated high-severity fire on bird communities. We used 
community-level (species richness, total density, ordination) 
and species-level (indicator species) metrics to identify bird 
communities and species associated with fire-based disturbance as 
well as the predominant environmental gradients associated with 
those communities. Identification of bird community response 
patterns and environmental gradients contributes to a broader 
understanding of postfire bird community dynamics and how they 
may interact with postfire management or subsequent high-
severity fire. 
2. Methods 

2.1. Study area 

In July 2002, at least two separate lightning strikes ignited fires 
in southwestern Oregon which became the 200,000 ha Biscuit Fire. 
The Biscuit Fire completely reburned the 38,000 ha 1987 Silver Fire 
while the nearby 8000 ha 1987 Galice Fire remained outside the 
Biscuit Fire perimeter (Fig. 1). All three fires burned for extended 
periods (weeks to months), generating a complex mosaic pattern of 
fire severities. Within the Biscuit Fire, relative proportions of low, 
mixed, and high-severity (as assessed by remotely sensed 
vegetation change) were �30%, 27%, and 43%, respectively (USDA, 
2004). Precise estimates of the Silver and Galice Fires are not 
available but relative proportions of each severity class were fairly 
similar to the Biscuit Fire (see Thompson et al., 2007). Sampled 
high-severity areas were consistent with effects of active crown 
fire (>95% overstory mortality with complete needle and leaf 
consumption as well as 100% litter consumption and understory 
mortality). 

Forest types in the study area are typical of the upper mixed-
evergreen zone, trending into the white fir zone (Franklin and 
Dyrness, 1973), dominated by conifer species such as Douglas-fir 
(Pseudotsuga menziesii), sugar pine (Pinus lambertiana), and white 
fir (Abies concolor). Typical evergreen hardwoods include Pacific 
madrone (Arbutus menziesii), tanoak (Lithocarpus densiflorus), and 
canyon live-oak (Quercus chrysolepis) and shrubs such as manza­
nita (Arctostaphylos sp.) and ceanothus (Ceanothus sp.). Elevations 
spanned 400–1400 m on a full range of aspects, primarily on slopes 
>208. Areas with ultramafic soils were excluded from sampling 
due to differences in forest structure, plant species composition, 
and fire behavior. 

2.2. Study design 

Substituting space for time, we took advantage of the landscape 
configuration of the two 1987 fires and one 2002 fire to establish 
geographically proximate study sites with distinct disturbance 
histories (Table 1, Fig. 1). A burn patch, the experimental unit of 
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Table 1 
Disturbance history and sampling intensity of four treatments 2004 and 2005 in the 
Klamath-Siskiyou Mountains, USA. 

Treatment Year 
sampled 

Years since 
fire 

# Patchesy Visits per 
point 

Mature forest 2004 
2005 

100+ 
100+ 

12 
9 

1.6 
1.3 

Recent burn (Biscuit Fire) 2004 
2005 

2 
3 

13 
19 

1.7 
1.5 

Old burn (Galice Fire) 2004 
2005 

17 
18 

7 
6 

1.7 
1.0 

Repeat burn (Silver Fire) 2004 
2005 

2 
3 

7 
7 

1.7 
1.0 

y Point counts per patch ranged from 2 to 14 (mean 6.1). Across both years and all 
treatments, a total of 727 point counts were conducted with 7620 detections of 
birds. 
�

this study, was defined as a relatively discrete, homogeneous area 
of similar stand condition (basal area, species composition) that 
experienced high-severity fire severity, ranging in size from 10 to 
50 ha (i.e. patches of stand-replacement with >95% overstory 
mortality). All patches were mature to old-growth conifer-
dominated forests prior to recent fire(s). Each patch was 
subsampled with vegetation and avian point count plots. Patches 
sampled experienced a combination of zero, one, or two high-
severity fire events (in cases of the latter, burns were separated by 
15 years). Patches with differing disturbance histories were 
located as close to one another as possible and in similar plant 
associations to maximize similarity prior to fire. Because burned 
patches were pre-existing and not selected randomly, inference 
from our results may be limited to our study area. Groups of 
patches with similar disturbance histories are referred to as 
treatments for brevity in the remainder of the paper. 

Fire and salvage logging (harvest of fire-killed trees) occurred 
on all three sampled fires. Salvage logging is a widespread postfire 
management practice in most coniferous forest types across North 
America (McIver and Starr, 2001). In this study, we focus on broad 
changes in forest successional stage driven by high-severity fire, 
with potential minor influences of salvage logging. Salvage logging 
removed >50% of standing basal area from high-severity patches of 
all three fires and tended to be more intense in the two older fires 
(3–29 snags ha-1 retained in Biscuit Fire, 7–18 snags ha-1 in the 
two 1987 fires). The intensity (snag retention) and extent 
(proportion of high-severity burn affected) of salvage logging 
examined here, particularly for the Biscuit and Silver Fires, is below 
that reported from other regions (interior mixed conifer: Hutto and 
Gallo, 2006; boreal mixedwood: Koivula and Schmiegelow, 2007). 
Salvage logging may affect bird species in burned landscapes (e.g. 
Saab et al., 2007), but the magnitude of change in community 
composition and abundance associated with high-severity fire 
likely is much greater than that due to salvage logging. High-
severity fire resets plant succession and vastly alters live and dead 
biomass pools, while salvage logging modifies existing vegetation 
structure at finer spatial scales than wildfire. For example, we 
found the effect of high-severity fire (mature forest vs. recent burn) 
on bird community composition and abundance to be 18 times 
larger than that of salvage logging within the Biscuit Fire; 
comparison of groups using a multi-response permutation 
procedure (MRPP; McCune and Grace, 2002) yielded A-statistics 
of 0.18 for mature forest vs. recent burn and 0.01 for salvage vs. no 
salvage within the Biscuit Fire (A-statistics >0.10 are considered 
biologically relevant; see McCune and Grace, 2002). We examine 
avian response to salvage logging of the Biscuit Fire elsewhere 
(Fontaine, 2007). 
2.3. Bird data 

Avian point counts were conducted during days with no 
precipitation and light to no wind from mid-May to early July. 
Point counts were conducted from just after dawn until 10:00 am, 
using standard point counting techniques for 5 min (Ralph et al., 
1993); observers recorded all birds seen and heard and their 
distance with an unlimited radius. To maximize accuracy of 
distance estimation and proper bird identification, observers were 
trained extensively prior to beginning point counts, used range 
finders in the field, and performed double observer counts for a 
subset of points. To reduce spatial dependence and edge effects, 
individual point counts were spaced at 225–250-m intervals and 
were >75 m from patch edges. Point counts were visited 1–2 times 
each year from 2004 to 2005 with lower rates of resampling in 
2005; sampling intensity was similar across treatments (Table 1). 
Number of point counts per patch and per treatment varied based 
on the size of each patch and number of patches in each treatment, 
respectively (Table 1). Sampling effort was proportional to the size 
of each of the three wildfires and the consequent availability of 
patches of high-severity fire. In the two smaller wildfires (Galice 
and Silver), we sampled nearly 100% of all accessible high-severity 
patches. 

2.4. Vegetation and environmental data 

Vegetation and environmental data were collected at each point 
count station using a circular plot with a 10-m radius centered on 
the point with the goal of characterizing vegetation strata present 
(ground, shrub, canopy). These data allowed us to assess plant 
species composition of plots as well as structural composition at 
differing heights from the ground, which have been shown to affect 
bird community composition and abundance (MacArthur and 
MacArthur, 1961). Data included topographic characteristics 
(elevation, slope, aspect), ground cover (visual estimates of percent 
cover of forbs and grass, litter, bare soil, rock, wood, moss/lichen), 
and tree composition (live/dead, species, dbh, height, decay class 
(Cline et al., 1980)). Hardwood and shrub species were divided into 
two categories based on life history and growth form; species 
capable of resprouting and obtaining large stature and biomass 
(hardwoods and shrubs: 26 species) were measured separately 
from low-stature species generally less than 0.5 m in height and 
having little secondary growth (low shrubs: 39 species). Large 
resprouting shrubs were tallied by individual, percent cover 
estimated by species, and the diameter and height of live and dead 
stems were estimated. For hardwoods, we used a 10-cm dbh cutoff 
between tree and shrub categories. Low shrubs were identified to 
species and percent cover estimated visually. 

2.5. Data analysis 

We used community-level metrics of abundance and species 
richness together with ordination and indicator species analysis 
(ISA) to quantify bird response to high-severity fires(s) and time 
since fire. We tested for overall differences in community 
composition using a multi-response permutation procedure. 
Vegetation structure and the association of avian traits with 
each treatment were used to understand likely mechanisms 
associated with observed changes in bird communities. We 
compared means and parameter estimates and their 95% 
confidence intervals; lack of overlap of the mean with adjacent 
confidence intervals was interpreted as evidence for a statistical 
difference between groups while asymmetrical overlap of means 
(intervals overlap one mean but not the other) was interpreted as 
suggestive evidence of a statistical difference between groups 
(Ramsey and Schafer, 2002). 



1499 J.B. Fontaine et al. / Forest Ecology and Management 257 (2009) 1496–1504 
�

2.5.1. Vegetation and environmental data 
Vegetation data from plots were averaged to generate patch-

level estimates of cover classes, total shrub volume, live and dead 
shrub heights, and basal area of trees >2-m tall and >10-cm 
diameter at breast height (live conifers, live hardwoods, sound 
snags, and soft snags). For comparison of treatments, patches were 
averaged and 95% confidence intervals estimated. 

2.5.2. Bird species richness 
Comparisons of communities with varying abundance struc­

tures must be corrected by the number of individuals in order to 
compare unbiased estimates of species richness (Gotelli and 
Colwell, 2001). To correct for this, we used EstimateS (Colwell, 
2006) to estimate species richness by treatment and year. Data 
were first truncated at 100 m to control for variation in 
detectability between treatments (see Appendix A for further 
discussion of this topic). Next, for each of the eight treatments by 
year combinations, a matrix of abundance values organized by 
point counts (rows) and species (columns) were entered into 
EstimateS. Using 10,000 Monte Carlo simulations, species accu­
mulation (rarefaction) curves were generated by treatment. 
Estimated species richness per point (alpha diversity) and total 
richness per treatment (gamma diversity) were recorded at the 
same number of individuals across all treatment by year 
combinations. Total richness was the estimated asymptote of 
the species accumulation curve using a Michealis Menton 
equation. Ninety-five percent confidence intervals were estimated 
by EstimateS via resampling using 2000 Monte Carlo randomiza­
tions. We present estimated species richness for each plot (alpha 
diversity) and total estimated species richness for each of the 
treatments in both years. 

2.5.3. Avian density 
Density of birds per hectare was estimated for each patch using 

program DISTANCE 5.0 (Thomas et al., 2006). Application of 
distance sampling and program DISTANCE allows for estimation of 
bird densities unbiased by differences in detectability between 
habitats (Buckland et al., 2001; Pacifici et al., 2008). Following 
methods outlined in Buckland et al. (2001), aural detections were 
truncated at probability of detection 0.10 and detection functions 
were modeled using a hazard rate or half normal key function with 
a simple polynomial expansion. Data for each of the eight 
treatment-by-year combinations were modeled separately. Top 
models were selected on the basis of DAICc and overall fit 
(Buckland et al., 2001; Burnham and Anderson, 2002). Patch-level 
bird density estimates were averaged within treatment and their 
95% confidence intervals estimated. Further details of this analysis 
are given in Appendix A. 

2.5.4. Community analysis 
To assess differences in overall species composition among 

treatments we used MRPP and community ordination using 
Sørensen (Bray-Curtis) distance. MRPP is a non-parametric 
procedure for testing the hypothesis of no difference between 
pre-defined groups relative to random and the A-statistic from 
MRPP provides a useful estimate of effect size and within-group 
homogeneity of groups (McCune and Grace, 2002). Nonmetric 
Multidimensional Scaling (NMS, Kruskal, 1964) was used for 
ordination of bird community data. NMS is an iterative multi­
variate ordination technique based on ranked distances among 
sample units (McCune and Grace, 2002). Ordinations were 
implemented using PC-ORD 5.04 (McCune and Mefford, 2006) 
and standard procedures outlined in McCune and Grace (2002). 

Ordinations were evaluated as patches in species space. Each 
value within the species by patch matrix represented the 
abundance of a bird species at a patch in each year. Data were 
limited to detections within 100 m to control for differences in 
detectability among habitats (Appendix A). Patch-level values 
were obtained by averaging visits within each point count and then 
averaging point counts within each patch. Rare species occurring at 
less than 5% of patches were removed. Overlays of environmental 
variables with Pearson correlations of >0.50 with at least one axis 
were used to evaluate vegetation and environmental correlates of 
bird community gradients. 

2.5.5. Indicator species analysis 
Indicator species analysis (Dufrene and Legendre, 1997) was 

conducted on bird species patch-level data (McCune and Mefford, 
2006) to assess the strength of bird species associations with 
particular treatments and to aid interpretation of ordinations. As 
with ordination analyses, data were limited to detections within 
100 m to control for detectability differences (Appendix A). ISA 
identifies species associated with groups (i.e. treatments) by 
calculating an indicator value (ranging from 0 to 100) that is a 
composite of both frequency and abundance of species in defined 
groups. High indicator values reflect both high abundance and 
prevalence within a group. The application of ISA allows for 
examination of all species, both common and rare, within a 
community rather than focusing solely on common species for 
which adequate data exist to estimate detection probabilities (see 
Appendix A for further details). Significance of indicator values was 
assessed using Monte Carlo simulations with 2000 randomiza­
tions; P-values represent the probability of a similar observation 
relative to randomized data. 

2.5.6. Postfire habitat relationships 
Finally, to focus on the effects of recent and repeated fire, we 

examined the relationship between avian density and the two 
principal elements of postfire habitats: snags and regenerating 
shrubs and hardwoods. For both years of the study (2 and 3 years 
after fire), we performed simple linear regression to estimate the 
relationship of avian density with the basal area of snags and shrub 
height 2 and 3 years after fire in both single and repeat burn 
treatments. 

3. Results 

3.1. Vegetation response 

Vegetation structure among treatments strongly reflected effects 
of high-severity fire and postfire succession (Fig. 2). The short-term 
effect of high-severity fire was to transition mature forest from high 
basal area of live conifers to a high basal area in sound snags (Fig. 2a). 
The older burn was characterized by low amounts of tree basal area, 
most of which was composed of regenerating conifers and hard­
woods (Fig. 2a). The repeat burn also had low tree basal area but was 
composed largely of snags (Fig. 2a). Postfire shrub growth (canopy 
volume accumulation) was significantly greater in repeat burn 
stands at 7200 m3 ha-1 by 3 years postfire, than in recent once-
burned stands (3027 m3 ha -1) (Fig. 2b). Additional effects of the 
Biscuit Fire included a reduction in litter cover and an increase in 
bare ground (Table B1); repeat burn stands had higher forb cover 
than any other treatment type (Table B1). Dominant hardwoods and 
shrubs such as tanoak, madrone, snowbrush, and chinquapin (see 
Table B1 for scientific names) were present in all treatments while 
repeat burn stands had reduced amounts of Sadler oak and old burn 
stands had the highest cover of madrone (Table B1). 

3.2. Avian species richness and density 

Estimates of species richness per point count had overlapping 
confidence intervals for all treatments and years, showing no 
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Fig. 2. Above-ground structural characteristics of treatments sampled: (a) Basal 
area (m2/ha) of live conifers, live hardwood, sound snags, soft snags, and hardwood 
snags as measured in 2004; (b) shrub volume (m3/ha) from 2004 to 2005, NM: 
treatments without recent fire were not remeasured in 2005. High-severity fire 
killed and consumed much of the above-ground vegetation which was followed by 
a rapid recovery of the shrub layer. 

Fig. 3. (a) Species richness (estimated species point-1, 95% CIs) and (b) mean (birds 
ha -1, 95% CIs) bird densities by treatment 2004 and 2005. Species richness was not 
significantly impacted by high-severity fire while total avian density showed an 
initial postfire decrease followed by recovery in the repeat burn. 

Fig. 4. Ordination of patches (2004 and 2005) in species space using nonmetric 
multidimensional scaling (NMS). The disturbance histories are associated with 
distinct bird communities (MRPP, A = 0.24, P < 0.0001). Vectors along axes are 
correlations of environmental variables with the indicated ordination axes: shrub 
volume (m3 ha-1) -0.64; live conifer basal area (m2 ha-1) 0.78; sound snag basal 
area (m2 ha -1) 0.64. Arrows indicate the change in bird community composition 
following single and repeat fire events. 
statistical difference (Fig. 3a). At the treatment scale, species 
richness patterns were similar. Total estimated species richness 
was 38 species for mature forest in 2004 and 2005, 36 species for 
recent burns in 2004 and 2005, 43 and 42 in 2004 and 2005, 
respectively, for old burns, and 40 and 42 for repeat burns in 2004 
and 2005, respectively. In contrast to species richness, avian 
density was significantly different among treatments based on lack 
of confidence interval overlap (Fig. 3b); recent burn stands had the 
lowest densities of birds in both years while mature forest and old 
burn stands had higher bird density. Avian density in repeat burn 
stands was intermediate between recent burn and old burn, and 
showed a significant increase in density from 2004 to 2005 (2 and 3 
years after fire), paralleling the increase in shrub volume over the 
same period (Fig. 2b). Recently burned areas 2 and 3 years postfire, 
therefore, had lower overall bird densities but comparable species 
richness relative to the other three treatments sampled. 

3.3. Community analysis 

The MRPP test using treatments as a priori groups yielded a 
large A-statistic (A = 0.24, P < 0.00001), reflecting the distinct 
qualities of species assemblages in each treatment and high 
within-group homogeneity. Ordination of the patch-level dataset 
using mean abundance yielded a 2-dimensional solution (Fig. 4, 
final stress = 16.5, instability = 0.0002) and total R2 = 0.82. The R2 

represents the proportion of variance in the original distance 
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matrix represented by the Euclidean ordination space (straight line 
distance between two points in a Cartesian coordinate system). 
Correlations (Pearson r > 0.5) of environmental variables asso­
ciated with the first axis (R2 = 0.41) included shrub volume in one 
direction and the basal area of sound snags in the opposite 
direction. Mature forest and recent burn treatments were at 
opposite ends of axis 1 suggesting that axis 1 represented a 
gradient of vegetation complexity with multi-layered treatments 
(mature forest, old burn) at one end and simplified treatments at 
the other (recent burn and, to a lesser degree, repeat burn). Axis 2 
(R2 = 0.41) separated the mature forest and repeat burn treatments 
with a strong correlation with number of times burned and basal 
area of live conifers (Fig. 4). This gradient also separated repeat 
burn and recent burn treatments from one another. 

3.4. Indicator species analysis 

Species with statistically significant indicator values were 
identified for all treatments (Table 2). Mature forest and repeat 
burn treatments had the largest numbers of species with indicator 
values >40, reflecting their more unique species composition. 
Single burn treatments (recent and old) had smaller numbers of 
indicator species (Table 2). Several rare species with significant 
associations but low indicator values were identified (e.g. green-
tailed towhee, golden-crowned kinglet, winter wren; see 
Appendix C for scientific names and relative frequency of each 
species within treatments) while species with high indicator 
values reflected both abundance and restricted occurrence in one 
treatment (e.g. lazuli bunting, hermit warbler, hairy woodpecker, 
Table 2). 

3.5. Habitat relationships 

In both years, the basal area of snags was a poor predictor of 
avian density with correlation coefficients of -0.26 and -0.25 in 
2004 and 2005, respectively, and slope estimates not different 
from zero (2005 values: slope = -0.01, SE = 0.01, t = -1.3, P = 0.22). 
In contrast, shrub height was positively correlated with avian 
density with correlation coefficients of 0.67 and 0.75 in 2004 and 
2005, respectively, and positive slope estimates significantly 
different from zero (2005 values: slope = 2.76, SE = 0.50, t = 5.5, 
P < 0.0001). 

4. Discussion 

4.1. Single burn response 

Short-term (<5 years) bird community response to fire has 
been well characterized from a number of forest types (interior 
west: Kotliar et al., 2002; longleaf pine: Engstrom et al., 2005; 
boreal: Schieck and Song, 2006). Distinct knowledge gaps exist 
with respect to mixed severity fire regimes and longer term 
responses (e.g. >5 years) of bird communities within drier forest 
types of western North America (but see Raphael et al., 1987; Saab 
et al., 2004). Furthermore, a central challenge to understanding the 
relationship between fire and birds are the impacts of multiple 
disturbances (e.g. repeated fires, fire + logging, etc.) on birds. 

Bird community composition shortly after high-severity fire in 
our study was similar to those reported from other forest types 
(Bock and Lynch, 1970; Morissette et al., 2002; Smucker et al., 
2005; Kotliar et al., 2007). Species associated with dead wood 
(hairy woodpecker), bare ground (dark-eyed junco) and aerial 
foraging (Townsend’s solitaire) were prevalent whereas fire 
obligate species typical of stand-replacement fire regime forests 
such as black-backed (Picoides arcticus) and American three-toed 
woodpeckers (P. dorsalis) did not occur in our study area (Hutto, 
�

1995; Koivula and Schmiegelow, 2007). The observation of 
decreased avian densities is consistent with the decrease in 
vegetation complexity following high-severity fire. However, the 
lack of decrease in species richness following high-severity fire 
may be due to the mosaic of mixed severity fire with complex 
patch shapes and arrangement which create increased fine-scale 
heterogeneity. 

Longer-term (17 and 18 years) response of birds was consistent 
with Raphael et al. (1987) who characterized bird communities 
following high-severity fire in the Sierra Nevada of California. 
Important structural elements in older postfire stands are dense 
broad-leaved shrubs and scattered snags in advanced stages of 
decay. Shrub-associated species such as wrentit and weak 
excavators such as acorn woodpecker were prevalent in old burn 
stands we studied. Old burn stands also possessed the highest 
estimate of species richness and bird densities similar to unburned 
forest despite possessing much simpler vegetation complexity. 
This likely results from the intermediate nature of these stands 
possessing some bird species characteristic of both recent burns 
(dark-eyed junco, hairy woodpecker) and mature forest (Swain­
son’s thrush, hermit warbler). Similar to the review of boreal bird 
and fire studies by Schieck and Song (2006), our ordination results 
placed old fire patches between mature forest and recent burns. 
This suggests that, as expected, avian community succession is 
following a trajectory of recovery from recent burn to old burn to 
mature forest. In the absence of further disturbance, rates of 
succession are likely tied to major factors separating forest types 
such as shrub recovery rates, conifer establishment, and snag 
longevity. In particular, our results suggest that bird densities are 
strongly related to the rate of vegetation recovery following fire. 

4.2. Repeat burn response 

The effect of a repeat burn on bird communities was not to 
simply ‘reset’ the successional clock; rather, it resulted in a species 
assemblage (defined in terms of composition and abundance) 
unique from both recent and old burns. This result likely stemmed 
from legacy effects of the initial fire disturbance, which created an 
early seral plant community characterized by snags and regen­
erating shrubs and hardwoods. Propagule banks for both seeding 
and sprouting early seral vegetation were likely larger prior to the 
second fire, leading in part to the rapid recovery of shrubs and 
hardwoods following the repeat burn (Donato et al., 2009). 

Ordination results were consistent with the expectation that, 
over time, twice burned and once-burned avian communities may 
converge. Convergence of bird community composition could 
occur after once-burned stands possess a more developed shrub 
component, small snags fall resulting in more open stands, and 
large snags advance in decay stage, losing their bark and fine 
branches. Schieck and Song (2006) reviewed bird community 
succession in boreal forests, noting that logged and burned 
communities within the same forest type converged once snags 
fell and communities became dominated by shrub-associated 
birds after 25 years. Rates of snag-fall, shrub development, and 
conifer regeneration vary by forest type and strongly influence 
stand structure at intermediate time scales following fire or 
logging. These rates of plant succession are important predictors of 
the rate at which bird communities converge following different 
types and combinations of disturbance. In our study, shrub stature 
was an important predictor of both avian abundance and 
composition while snag abundance was associated with composi­
tional differences but not abundance. Strengthening understand­
ing of the linkages between stand structure, rates of change, and 
bird community composition will aid in predicting the responses 
of communities and species to wildfire and prescribed fire, as well 
as fire surrogates such as thinning and shrub mastication. 
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Table 2 
Indicator species analysis of common bird species organized by four treatments (indicator values >40 in bold, range 0 to 100 based on species prevalence and abundance). 

Treatment of maximum association Speciesz Percent indicator value yP-value 

Mature forest Recent burn Old burn Repeat burn 

Mature Forest Pacific-slope flycatcher 68 2 0 0 0.0002 
Hermit warbler 68 1 19 0 0.0002 
Hermit thrush 61 1 6 1 0.0002 
Red-breasted nuthatch 51 10 17 10 0.0002 
Brown creeper 47 27 0 0 0.0002 
Chestnut-backed chickadee 45 1 7 1 0.0002 
Black-throated gray warbler 44 0 5 2 0.0014 
Golden-crowned kinglet 42 0 0 0 0.0004 
Winter wren 33 0 0 0 0.0006 
Hutton’s vireo 32 0 4 0 0.0014 
Western tanager 30 12 24 3 0.1076 
Steller’s Jay 29 10 26 21 0.2178 
Wilson’s warbler 19 0 0 0 0.017 
Common raven 16 0 0 0 0.0384 
Sooty grouse 8 4 0 7 0.6789 

Recent Burn Hairy woodpecker 2 71 0 5 0.0002 
Townsend’s solitaire 1 51 1 4 0.0002 
Dark-eyed junco 15 51 7 14 0.0002 
Yellow-rumped warbler 15 34 14 1 0.0182 
Western bluebird 0 21 1 18 0.125 
Downy woodpecker 1 9 0 2 0.3775 
Pileated woodpecker 4 4 2 4 0.9988 

Old Burn Wrentit 4 0 69 0 0.0002 
Orange-crowned warbler 0 0 52 36 0.0002 
Black-headed grosbeak 11 6 41 34 0.0004 
MacGillivray’s warbler 4 10 40 30 0.0052 
Olive-sided flycatcher 3 19 33 26 0.0348 
Acorn woodpecker 0 0 33 13 0.0036 
Western wood-pewee 0 25 27 17 0.1046 
Warbling vireo 6 1 23 3 0.0456 
Dusky flycatcher 0 0 20 4 0.0326 
Hammond’s flycatcher 6 16 19 13 0.6863 
Cassin’s vireo 11 0 17 5 0.1668 
Red-breasted sapsucker 10 0 14 1 0.2446 
American robin 1 10 12 1 0.4377 
Red crossbill 3 8 12 2 0.6541 
Bushtit 4 0 6 3 0.6811 

Repeat Burn Lazuli bunting 0 14 1 76 0.0002 
Rufous hummingbird 3 6 10 56 0.0002 
Spotted towhee 1 0 31 56 0.0002 
Fox sparrow 0 0 4 52 0.0002 
White-crowned sparrow 0 5 0 43 0.0004 
Nashville warbler 9 2 40 41 0.0046 
House wren 0 29 5 38 0.0056 
Green-tailed towhee 0 0 0 35 0.0004 
Northern flicker 2 5 24 34 0.0184 
Purple finch 1 12 15 31 0.0258 
Mountain quail 1 6 1 28 0.0154 
Song sparrow 0 1 1 27 0.004 
Bewick’s wren 0 0 6 25 0.0086 
Pine siskin 4 7 2 20 0.1422 
Mourning dove 0 0 2 15 0.0308 
Tachycineta sp. a 0 0 5 11 0.184 

z See Appendix C for a complete list of bird species and their scientific names. 
y P-values are presented to aid in interpretation of analysis but should be interpreted with caution given the large number of significance tests; a bonferonni correction to 

an alpha level of 0.05 suggests a critical P-value of 0.001. P-values were calculated from 2000 Monte Carlo randomizations of the species abundance by patch matrix. Bolded 
indicator values correspond to this level of confidence. 

a Tree and violet-green swallows were pooled for this analysis. 
The prevalence of shrub-associated species in the repeat burn 
reflects the unique nature of the resulting habitat and is a novel 
result for a dry forest type. Previous studies (Jehle et al., 2006) have  
shown and reviews (e.g. Saab and Powell, 2005) have  hypothesized  a  
negative response of shrub-nesting birds to fire. However, these 
observations and hypotheses come from less productive systems 
where postfire shrub response is slower and with higher rates of 
ungulate herbivory (Verts and Carraway, 1998). Previous studies 
from longer time periods following fire and similar climate (Raphael 
et al., 1987) have reported a positive relationship between shrub-
associated species and shrub-dominated postfire plant commu­
nities. Research from boreal forests with similar shrub response 
rates (mostly resprouting aspen) has found results similar to ours 
over comparable time scales (e.g. Morissette et al., 2002). The 
Mediterranean climate and prevalent resprouting shrubs of our 
study area are distinct from forest types in interior western North 
America dominated by a continental climatic regime, in which 
shrubs may have slower or less vigorous postfire responses. 
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4.3. Study limitations 

The results presented in this paper are from patches that 
experienced stand-replacement fire and postfire salvage logging 
1–3 years after the initial fire event. High-severity fire in this study 
constituted >95% overstory mortality while postfire salvage 
logging represented partial removal of fire-killed trees. Salvage 
logging intensities were somewhat higher in the two 1987 fires 
than the 2002 Biscuit Fire due to changes in management practices. 
In 1987 fires, snag retention ranged from 7 to 18 snags ha-1 while 
Biscuit Fire snag retention levels were 3–29 large (>41 cm) snags 
per hectare, and variable retention of smaller (<41 cm) snags 
depending on merchantability (USDA, 2004, see Section 3). In a 
separate study of avian response to salvage logging of the Biscuit 
Fire, Fontaine (2007) found non-significant responses of most 
species to salvage logging and, most importantly, very little change 
in overall community composition (see also Section 2). The few 
published studies examining the effects of postfire salvage logging 
from the western United States, where logging prescriptions are 
similar, have shown some negative responses of cavity-nesting 
species (e.g. Saab et al., 2007) but no extirpations of the species 
detected in this study or broad changes in community composition 
(Hutto and Gallo, 2006; Cahall and Hayes, 2009). Despite the 
confounding of fire and postfire salvage in our study, we believe 
that the amplitude of short-term ecological change resulting from 
high-severity fire is much greater than that of postfire salvage 
logging and that the results presented are correctly attributed to 
gross changes in seral stage due to fire. Nevertheless, studies 
comparing effects of fire-only and fire-plus-salvage in mixed-
evergreen forest will further refine our understanding of avian 
response to natural and anthropogenic disturbances. 

This study is retrospective without any pre-fire data and utilizes 
a common approach of substituting space for time. Thus, effects of 
fire are confounded with pre-existing spatial variation in 
environmental conditions and size of high-severity burn patches. 
Burn patch size may influence the prevalence of edge-associated 
bird species and residual surviving trees. Although patch size 
distributions overlapped among the fires we studied, the recent 
fire included larger patches than did the older fires. Even in that 
fire, however, a parallel study (Donato et al., in press-a), found that 

80% of high-severity portions were <400 m from an edge, 
suggesting that all patches we studied were likely influenced by 
habitat edges associated with the burn mosaic. This level of fine-
scale heterogeneity is consistent with expectations from a mixed-
severity fire regime but may differ from patterns in high-severity 
portions of fires in other ecosystems (interior ponderosa pine, 
boreal spruce-fir forest, etc.). 

To minimize confounding variation, we strove to closely match 
edaphic conditions (elevation, slope, soil, etc.) and vegetation 
composition (plant association group) between treatments as well 
as maximize proximity. While the lack of spatial interspersion of 
treatments cannot be fully addressed, the strong pattern in the bird 
data, obvious effects due to fire (i.e. tree mortality, changes in 
shrub stature, litter consumption), and identical plant associations 
suggest that this confounding of source of variation is not exerting 
a large influence on our dataset. 

4.4. Management implications 

Following wildfire, management on public lands often is 
focused on achieving conifer-dominated forests as rapidly as 
possible (USDA Forest Service, 2004). Such a focus, particularly in 
the Pacific Northwest, is widely accepted given the high economic 
value of timber and the visibility of threatened late-seral/old­
growth associated species such as the Northern Spotted Owl (Strix 
occidentalis caurina) and Marbled Murrelet (Brachyramphus mar­
moratus). In our study of high-severity wildfire, many species were 
significantly associated with mature forests but a greater number 
were associated with early seral postfire habitats. The high number 
of indicator species, and similar species richness suggest that early 
seral conditions created by wildfire are integral to maintaining 
landscape-scale biodiversity. 

Repeated high-severity fire ‘reburn’ has been characterized as 
detrimental to both forest productivity and biodiversity (USDA, 
1988, 2004) with postfire management frequently aimed at 
minimizing the likelihood of future repeat burns (USDA, 2004). 
In our study, the repeat burn (15 year interval) possessed a unique 
bird community characterized by both shrub-associated and open-
habitat associated bird species with species richness and density 
comparable to unburned forest. Given the historic regime of 
frequent mixed severity fire, this habitat type has likely occurred 
on the landscape in the past. Recognition of the importance of a 
variety of early seral habitats as well as late-seral forests will likely 
bolster the maintenance of regional avian biodiversity. 

Taken together – the lack of a negative impact of repeated high-
severity fire on bird species richness, the unique composition of 
early seral bird communities, and the association of broad-leaved 
vegetation with bird abundance and traits – our study suggests 
that land managers faced with competing goals and limited 
resources could consider allowing naturally generated early seral 
conditions to persist for a period in some places, rather than 
focusing on rapid establishment of conifers and/or closed forest. 
Extended periods of early successional conditions in the Klamath-
Siskiyou ecoregion likely would benefit a broad suite of species and 
complement regional biodiversity within a landscape mosaic. 
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