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Abstract. We monitored the nest densities and nest survival of seven cavity-nesting
bird species, including four open-space foragers (American Kestrel [Falco sparverius],
Lewis’s Woodpecker [Melanerpes lewis], Western Bluebird [Sialia mexicana], and
Mountain Bluebird [S. currucoides]) and three wood-foragers (Hairy Woodpecker
[Picoides villosus], Black-backed Woodpecker [P. arcticus], and Northern Flicker [Colaptes
auratus]), after two wildfires (one partially salvage-logged and one unlogged) in western
Idaho from 1994–2004. We estimated the relationship between nest density and time since
fire, tested for statistical differences in nest densities and nest survival in the partially
salvage-logged vs. unlogged wildfires, and tested for differences in nest survival between
early (1–4 years after fire) and late (5–12 years after fire) postfire periods. Nest densities of
open-space foragers and Northern Flickers generally increased with time since fire,
whereas nest densities of Black-backed and Hairy Woodpeckers peaked 4–5 years postfire.
Nest densities of wood-foraging species and Mountain Bluebirds were significantly higher
in the unlogged burn, whereas Lewis’s Woodpeckers had significantly higher nest densities
in the partially logged burn. Kestrels tended to favor the partially logged burn, while
Western Bluebird nest densities were nearly equal in both burned areas. For most species,
postfire period and treatment (partially logged vs. unlogged) had little influence on nest
survival. However, Hairy Woodpecker nest survival was significantly lower in the partially
logged burn versus the unlogged wildfire in the early postfire period, and Lewis’s
Woodpecker nest survival was significantly reduced in the later postfire period versus the
early postfire period in the partially logged burn. Importantly, the salvage logging was
designed to retain more than half of the snags over 23 cm in diameter, which provided
suitable nesting habitat for open-space foragers during the decade following fire.

Key words: cavity-nesting birds, nest densities, nest survival, ponderosa pine forests,
postfire salvage logging, wildfire.

Densidades de Nidos de Aves que Nidifican en Cavidades con Relación a las Actividades

Forestales Después de las Quemas y al Tiempo Transcurrido desde los Incendios Naturales

Resumen. Monitoreamos las densidades y la sobrevivencia de los nidos de siete
especies de aves que nidifican en cavidades, incluyendo cuatro especies que se alimentan en
zonas abiertas (Falco sparverius, Melanerpes lewis, Sialia mexicana y S. currucoides) y tres
que se alimentan sobre troncos (Picoides villosus, P. arcticus, y Colaptes auratus), después
de dos incendios naturales (uno en una zona con actividades forestales y otro en una zona
sin talar) en el oeste de Idaho de 1994 a 2004. Estimamos la relación entre la densidad de
los nidos y el tiempo transcurrido desde las quemas, evaluamos estadı́sticamente las
diferencias en la densidad y la sobrevivencia de los nidos entre la zona con actividades
forestales y la no talada y evaluamos las diferencias en la sobrevivencia de los nidos entre
los perı́odos tempranos (1–4 años después de las quemas) y los tardı́os (5–12 años después
de las quemas) posteriores a las quemas. Las densidades de los nidos de las especies que se
alimentan en zonas abiertas y de C. auratus se incrementaron, de manera general, con el
tiempo transcurrido desde las quemas, mientras que las densidades de P. villosus y P.
arcticus alcanzaron su máximo entre cuatro y cinco años después de las quemas. Las
densidades de los nidos de las especies que se alimentan sobre troncos y de S. currucoides
fueron significativamente más altas en zonas no taladas, mientras que M. lewis tuvo una
densidad de nidos significativamente más alta en las zonas con actividades forestales
posteriores a las quemas. F. sparverius prefirió las zonas con actividades forestales
posteriores a las quemas, mientras que las densidades de los nidos de S. mexicana fueron
casi iguales en ambas zonas quemadas. Los perı́odos posteriores a las quemas y el
tratamiento (parcialmente talado y no talado) tuvieron poca influencia sobre la
sobrevivencia de los nidos de la mayorı́a de las especies. Sin embargo, la sobrevivencia
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de los nidos de P. villosus fue significativamente más baja en las áreas parcialmente taladas
que en las no taladas durante los perı́odos tempranos posteriores a las quemas. La
sobrevivencia de los nidos de M. lewis fue significativamente menor en los perı́odos tardı́os
posteriores a las quemas en comparación con los perı́odos tempranos en la zona
parcialmente talada. Es importante señalar que la zona con actividades forestales
posteriores a las quemas fue diseñada para preservar más de la mitad de los tocones de
23 cm de diámetro, lo que proporcionó un hábitat adecuado para la nidificación de las
especies que se alimentan en zonas abiertas durante la década subsiguiente a los incendios
naturales.

INTRODUCTION

The importance of recently burned forests to
breeding cavity-nesting birds is well known
(Bock et al. 1978, Raphael and White 1984,
Saab and Powell 2005) and densities of cavity-
nesters in burned forests change with time since
fire (Bock et al. 1978, Apfelbaum and Haney
1981, Hannon and Drapeau 2005). Species that
obtain their insect prey from wood, such as the
Black-backed Woodpecker (Picoides arcticus),
rapidly colonize postfire forests and then
experience population declines as time since
fire increases, presumably due to declines in
bark and wood-boring beetles (Bock et al. 1978,
Murphy and Lehnhausen 1998, Hoyt and
Hannon 2002). In contrast, Lewis’s Woodpeck-
er (Melanerpes lewis), an aerial insectivore, is
abundant in both recent burns (2–4 years post-
fire) and older burns (10–25 years postfire;
Bock and Lynch 1970, Linder and Anderson
1998, Saab and Vierling 2001). Other aerial
insectivores and open-space foragers (e.g., blue-
birds [Sialia spp.], flycatchers [Empidonax spp.],
and swallows [Tachycineta spp.]) often use
burned forests 10–20 years after fires, poten-
tially in response to improved conditions for
aerial foraging following decreases in canopy
cover and increases in flying arthropods asso-
ciated with shrub regrowth (Lowe et al. 1978,
Hobson and Schieck 1999, Hannon and Dra-
peau 2005).

Little is known about the combined effects of
postfire salvage logging and time since wildfire
on nesting densities of cavity-nesting birds
(Hutto 2006). Postfire salvage logging removes
snags that provide critical breeding, roosting,
and foraging habitat for many taxa (Kotliar et
al. 2002, Morissette et al. 2002, Lindenmayer et
al. 2004). Studies indicate that wood- and bark-
foraging species (e.g., Black-backed and Hairy
Woodpeckers [Picoides villosus]) favor unlogged
burned forests (Haggard and Gaines 2001,
Morissette et al. 2002, Saab et al. 2002),

whereas some aerial insectivores and other
open-space foragers (e.g., Lewis’s Woodpecker,
Western Bluebird [Sialia mexicana], and Amer-
ican Kestrel [Falco sparverius]) can use partially
logged postfire forests (Saab and Dudley 1998,
Haggard and Gaines 2001, Johnson and An-
derson 2002). Such relationships might be
explained by greater foraging opportunities
for wood- and bark-foraging species in un-
logged forests due to high snag densities, and
more space for aerial foraging maneuvers in
openings created by partial salvage-logging.

We examined trends in nest densities of
cavity-nesting birds over an 11-year period
(1994–2004) after two wildfires in Idaho, one
of which was primarily unlogged and one that
was partially salvage-logged. We hypothesized
that postfire nest densities of cavity-nesting
birds would change with time according to
expected availability of their primary prey
species. We identified three possible trajectories
for trends in nest densities: 1) linear (numbers
increase over the study period); 2) pseudothres-
hold (numbers reach a carrying capacity;
Franklin et al. 2000); and 3) peaked (numbers
peak at four to five years postfire). We expected
nest densities of aerial insectivores and open-
space foragers (Lewis’s Woodpecker, Mountain
Bluebird [Sialia currucoides], Western Bluebird,
and American Kestrel) to increase linearly with
time over the 11-year period (Hobson and
Schieck 1999, Saab et al. 2004, Hannon and
Drapeau 2005), corresponding with increases in
shrubs and associated arthropods after fire
(Hermann et al. 1998, McCullough et al.
1998). We anticipated that the Northern Flicker
[Colaptes auratus], a foraging generalist, would
increase linearly or exhibit a pseudothreshold
trend over the same period, because this species
frequently uses logs as a foraging substrate
(Moore 1995) and log volumes increase with
time since disturbance as snags fall (Mellen and
Ager 2002). In contrast, we predicted that nest
densities of bark- and wood-foraging specialists
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(Black-backed and Hairy Woodpeckers) should
closely resemble a peaked pattern, with the
peak occurring approximately 4–5 years post-
fire, corresponding to peaks in beetle densities
(Apfelbaum and Haney 1981, Murphy and
Lehnhausen 1998, Hoyt and Hannon 2002,
Werner 2002). We predicted that aerial insecti-
vores would prefer the more open partially
logged burn, where aerial maneuvers and
capture of flying insects might be more efficient,
and that bark- and wood-foraging species
would prefer the unlogged burn, where higher
snag densities should provide greater foraging
opportunities.

METHODS

STUDY AREAS AND SURVEY METHOD

We conducted nest surveys at two wildfire sites
in western Idaho (43u359N, 115u429W) over an
11-year period, during May–June in 1994–1999
and in 2002–2004, representing 1–12 years after
fire. Study site elevation ranged from 1120 to
2300 m and the perimeters of the burns were
separated by 10 km on average. The Foothills
burn was created in 1992 by a mixed-severity
fire and about 40% of snags over 23 cm
diameter at breast height (dbh) were harvested
after the fire (see below). The 1994 Star Gulch
fire was also of mixed severity and the burned
area was principally unlogged following the
wildfire: two survey units (each 1000 ha in size)
in the Star Gulch burn were excluded from
logging for our research purposes. Prefire
vegetation in both wildfire sites was similar
and dominated by ponderosa pine (Pinus
ponderosa) and Douglas-fir (Pseudotsuga men-
ziesii), with lesser amounts of quaking aspen
(Populus tremuloides), subalpine fir (Abies
lasiocarpa), and buckbrush (Ceanothus spp.;
Saab et al. 2004).

We assessed the similarities in prelogging
snag densities, prefire crown closure, and burn
severity of the two study sites. We tested for
these similarities to strengthen evidence that
any differences in population parameters be-
tween the two burns would be more likely
attributable to postfire salvage logging than
other factors. Snag densities were measured at
60 random plots without nest sites within the
partially logged (n 5 30) and unlogged (n 5 30)
burns. We recorded snags .1.4 m height within
11.3 m radius plots (0.04 ha) centered on the

random points. Prelogging snag densities were
estimated from cut stumps during the year
logging was completed (1994) in the salvage-
logged area; large snag (.23 cm dbh) densities
averaged 73.4 6 9.3 (SE) snags per ha. After
salvage logging, large snag densities were re-
duced to 45.0 6 5.1 snags per ha and small
snags (#23 cm dbh) averaged 129.6 6 19.8
snags per ha. In the unlogged Star Gulch burn,
large snag densities (67.8 6 11.5 snags per ha)
one year after the fire (1995) were similar to
those reported for the Foothills fire before
logging (t58 5 0.4, P 5 0.71), and small snags
averaged 100.4 6 19.7 snags per ha.

Prefire crown closure was derived from
Landsat Thematic Mapper (TM) images and
characterized as low (0%–40%), moderate
(.40%–70%), and high (.70%; Johnson et al.
2000, Saab et al. 2002). The Foothills site
consisted of 56% low, 32% moderate, and 12%
high prefire crown closures, while the Star
Gulch site was composed of 46% low, 41%
moderate, and 13% high prefire crown closures.
Composition of prefire crown closures at the
two sites was not statistically different (x2

2 5

4.3, P 5 0.11).

Landsat TM imagery was also used to
quantify burn severity by calculating the change
in the normalized burn ratio (DNBR) between
pre- and postfire conditions (Key and Benson
2006). The DNBR was described as a continu-
ous variable (between 2500 and +1200) to
classify burn severity at the 30 m 3 30 m pixel
resolution. Burn severity (DNBR) was charac-
terized as unburned (2500 to 99), low severity
(100 to 269), and moderate–high severity (270
to 1200; Key and Benson 2006, Russell et al.
2006). The Foothills fire was comprised of 17%
unburned, 51% low, and 32% moderate–high
burn severities, while the Star Gulch fire
consisted of 14% unburned, 47% low, and
39% moderate–high burn severities. Composi-
tion of burn severities at the two burned sites
was not statistically different (x2

2 5 1.9, P 5

0.38).

We conducted belt transect surveys (0.4 km
3 1 km) to identify occupied nest cavities
(Dudley and Saab 2003). The area surveyed
annually averaged 832 6 67 ha (SE) in the Star
Gulch burn, and 846 6 224 ha (SE) in the
Foothills burn. When a nest cavity was located,
occupancy was determined by observing the
cavity for a minimum of two 20-min visits
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between early May and late June each year
(Saab et al. 2004). Nests were monitored every
3–4 days to record nest stage (laying, incubat-
ing, nestling, fledgling), evidence of predation,
and nest fate (success or failure). We used
behavioral cues to determine nest status and,
when possible, a treetop-peeper (video camera)
to aid in nest monitoring (TreeTop II System,
Sandpiper Technologies, Inc., Manteca, Cali-
fornia; Dudley and Saab 2003).

STATISTICAL ANALYSIS

We tested for statistical differences in nest
densities between the logged and unlogged
wildfire locations using a mixed model AN-
OVA with year postfire and treatment as fixed
effects and calendar year as a random effect
(PROC MIXED; SAS Institute 2003). Least-
square mean nest densities in the logged and
unlogged site were considered statistically
different at P # 0.05.

We conducted regressions of nest densities
versus year postfire for seven species of cavity-
nesting birds to evaluate trends in density over
the 11-year study period (which includes up to
12 years postfire; PROC REG; SAS Institute
2003). Analyses were conducted separately for
the salvage-logged and unlogged wildfire sites.
We compared results of regression models for
linear (b0 + b1x), pseudothreshold (b0 +
b1(log[x])), and peak trends (based on a partial
sine wave, b0 + b1*sin[20*x]; Wickerhauser
1994), representing the three hypothesized
trends in nest densities.

We estimated the daily nest survival rate for
all species except the American Kestrel for early
(1–4 years after fire) and late (5–12 years after
fire) postfire periods within each wildfire site
using PROC NLMIXED (SAS Institute 2003),
as described by (Rotella et al. 2004). We then
calculated overall nest survival by raising the
average daily nest survival rate to a power equal
to the number of days in the nesting cycle
(length of nesting cycle derived from Dudley
and Saab [2003]). Confidence limits on pre-
dicted nest survival were estimated using the
delta method (Seber 1982). Early and late
postfire periods were defined because of ex-
pected biological and physical changes between
four and five years following fire. Numerical
responses by bark- and wood-foraging bird
species usually occur 1–2 years after fire,
numbers remain high for 2–4 years (Bock et

al. 1978, Apfelbaum and Haney 1981, Dixon
and Saab 2000), then decline as bark and wood-
boring beetle (Scolytidae, Cerambycidae, and
Buprestidae) abundances decline (Murphy and
Lehnhausen 1998; Covert-Bratland et al., in
press). Habitat structure also changes 4–5 years
postfire because snag falling rates increase
rapidly during this time period (Russell et al.
2006).

RESULTS

NEST DENSITIES IN LOGGED
VERSUS UNLOGGED

We surveyed 7611 ha in the unlogged burn and
6657 ha in the partially logged burn, and found
2483 occupied nest cavities of seven species
during the 11-year period (Table 1). Results of
the mixed-model ANOVA indicated that mean
nest densities were significantly different be-
tween the logged and unlogged burns for five of
seven species (Table 1). For Hairy Woodpeck-
ers and Western Bluebirds there was no
solution for the random effect of calendar year,
therefore this effect was removed from these
models and a fixed-effect ANOVA was con-
ducted. Black-backed Woodpecker, Hairy
Woodpecker, Northern Flicker, and Mountain
Bluebird nest densities were significantly higher
in the unlogged burn (P , 0.01), whereas
Lewis’s Woodpecker densities were significantly
higher in the partially logged burn (P 5 0.04;
Table 1). American Kestrel nest densities were
higher in the partially salvage-logged area,
however the difference between the logged and
unlogged sites was not statistically significant
(P 5 0.16). Western Bluebird densities were
nearly equal in both the unlogged and partially
logged burns.

TRENDS IN NEST DENSITIES

Trends in nest densities generally followed our
predictions (Fig. 1 and 2, Table 2). The bark-
and wood-foraging specialists, Black-backed
and Hairy Woodpeckers, showed a peaked
pattern, particularly in the unlogged Star Gulch
burn (Fig. 1, Table 2A). For Black-backed
Woodpeckers, the peaked trend was stronger
in the unlogged burn (r2 5 0.65) than the
partially logged burn (r2 5 0.43), where their
nest densities were more than five times lower
(Table 1). Similarly, nest densities of Hairy
Woodpeckers were 2.5 times lower in the
partially logged burn, where they did not follow
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any of the hypothesized trends as indicated by
low r2 values (Fig. 2, Table 2B).

Nest densities of aerial insectivores and open-
space foragers generally increased with time
since fire in the unlogged burn. American
Kestrel and Lewis’s Woodpecker nest densities
most closely reflected a linear trend (Fig. 1,
Table 2A). Changes through time in nest
densities of Western and Mountain Bluebirds
most closely resembled linear or pseudothres-
hold trends (Fig. 1, Table 2A). However, r2

values for trends in Mountain Bluebird nests
were low for both models (Fig. 1, Table 2A).

In the salvage-logged burn, nest density
trends of aerial insectivores were less certain
(Fig. 2, Table 2B). Both linear and pseudo-
threshold trends were plausible for Lewis’s
Woodpeckers and Western Bluebirds (Fig. 2,
Table 2B). Mountain Bluebird nest densities
did not appear to follow any of the hypothe-
sized trends, whereas American Kestrel densi-
ties most closely resembled a negative peaked
trend with a low point 4–5 years postfire
(Fig. 2, Table 2B).

Nest densities of the wood-foraging general-
ist, the Northern Flicker, increased with time
since fire at both burn locations. In the
unlogged burn, linear and pseudothreshold
trends were equally plausible and had similar

r2 values (Fig. 1, Table 2A). In the partially
logged burn, trends in nest density most closely
resembled a concave pattern (minimum density
at 4–5 years after fire), with sharp increases
occurring roughly ten years postfire (Fig. 2,
Table 2B).

Regression analysis identified significant in-
creasing trends in nest densities for American
Kestrels, Lewis’s Woodpeckers, Northern
Flickers, and Western Bluebirds in both the
logged and unlogged wildfire areas. The pro-
portion of the variance explained by the models
(r2 values) was significant and similar for
pseudothreshold and linear trends in nest
densities of Lewis’s Woodpeckers and Western
Bluebirds in the partially logged Foothills burn.
In comparison, nest density trends of Northern
Flickers and American Kestrels followed an S-
shaped curved increase in this area.

NEST SURVIVAL

Nonoverlapping confidence limits for estimates
of nest survival indicate significant differences
in survival. For most species, postfire period
and treatment (partially logged vs. unlogged)
had little influence on nest survival, based on
overlapping confidence limits (Fig. 3). The
Hairy Woodpecker was the only species whose
nest survival was clearly affected by treatment,

The Condor cond-109-01-09.3d 13/12/06 13:22:07 101 Cust # 8179

TABLE 1. Number of nests found and nest densities (number of nests per 40 ha 6 SE) of seven cavity-
nesting species in two wildfire locations in western Idaho. Least-square means of nest densities per year were
calculated from ANOVA and are reported for unlogged and partially logged sites. No. of nests 5 the total
number of nests found over the entire study in the two wildfires (not all nests found were monitored for nest
survival), and numbers in parentheses are the number of nests found by postfire period; early represents 1–
4 years after fire, and late represents 5–12 years after fire. Test statistics are reported for the lsmeans contrast
between nest densities in the logged and unlogged burns.

Unlogged Logged

t-value P-value
No. of nests
(early, late)

Mean
density 6 SE

No. of nests
(early, late)

Mean
density 6 SE

American Kestrel
(Falco sparverius)

103 (20, 83) 0.89 6 0.16 150 (47, 103) 1.18 6 0.17 1.5 0.159

Lewis’s Woodpecker
(Melanerpes lewis)

253 (50, 208) 2.03 6 0.32 483 (203, 280) 3.03 6 0.30 2.3 0.041

Hairy Woodpecker
(Picoides villosus)

181 (135, 46) 0.98 6 0.15 61 (34, 27) 0.39 6 0.14 22.9 0.012

Black-backed Woodpecker
(Picoides arcticus)

43 (29, 14) 0.22 6 0.04 8 (5, 3) 0.04 6 0.03 23.9 0.003

Northern Flicker
(Colaptes auratus)

253 (50, 203) 1.77 6 0.15 166 (65, 101) 1.05 6 0.14 23.6 0.004

Western Bluebird
(Sialia mexicana)

201 (60, 141) 1.52 6 0.26 221 (85, 136) 1.48 6 0.24 20.1 0.907

Mountain Bluebird
(Sialia currucoides)

283 (132, 151) 1.81 6 0.19 85 (30, 55) 0.46 6 0.18 25.2 0.001
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and its survival was significantly reduced in the
partially logged burn vs. the unlogged burn, but
only during the early postfire period. Although
most species (four of six) tended to have higher
nest survival in the early vs. late postfire period,
Lewis’s Woodpecker was the only species
whose survival was significantly higher in the
early vs. late postfire period in the partially
logged burn (Fig. 3). Nest survival of Hairy
Woodpeckers and Mountain Bluebirds in-

creased in the late postfire period, but these
differences were not statistically significant. A
small sample size and no nest failures precluded
the estimation of confidence limits for estimates
of nest survival for Black-backed Woodpeckers
in the partially logged burn. Estimates of daily
survival rate (excluding Black-backed Wood-
peckers in the logged site) ranged from a low of
0.980 for Mountain Bluebirds in the unlogged
burn in the early postfire period to a high of
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FIGURE 1. Observed and predicted nest densities (nests per 40 ha) for seven species of cavity-nesting birds
in the unlogged Star Gulch burn in western Idaho 1–10 years after fire. The wildfire occurred in 1994 and nest
densities were monitored from 1995–2004. Predicted values were generated from the best-fitting regression
model for each species (linear, peak, or pseudothreshold). For sample sizes see Table 1. Note that the vertical
axes differ in scale by species. Nest densities of American Kestrels, Lewis’s Woodpeckers, Northern Flickers,
and Western Bluebirds increased linearly. Black-backed and Hairy Woodpecker nest densities peaked at
roughly 4–5 years postfire.
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0.998 for Hairy Woodpeckers in the late post-
fire period in the unlogged burn.

DISCUSSION

Although postfire treatments (i.e., partially
logged and unlogged) were not replicated in
this study, trends in nest densities at these two
wildfire locations in western Idaho closely
resembled responses reported at other wildfire

locations (Raphael et al. 1987, Imbeau et al.
1999, Smucker et al. 2005), strongly mirrored
responses in other logged and unlogged burns
(Haggard and Gaines 2001, Johnson and
Anderson 2002, Morissette et al. 2002), and
generally followed our predicted trends. Nest-
ing densities of wood- and bark-foraging
species (Black-backed Woodpecker, Hairy
Woodpecker, and Northern Flicker) were
significantly higher in the unlogged burn. Two
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FIGURE 2. Observed and predicted nest densities (nests per 40 ha) for seven species of cavity-nesting birds
in the partially salvage-logged Foothills burn in western Idaho 2–12 years after fire. The wildfire occurred in
1992 and nest densities were monitored from 1994–2004. Predicted values were generated from the best-fitting
model (linear, peak, or pseudothreshold). For sample sizes see Table 1. Note that the vertical axes differ in
scale by species. No linear trends were identified for nest densities of any species in this wildfire. Lewis’s
Woodpecker and Western Bluebird nest densities reached pseudothreshold levels.
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open-space-foraging species (Lewis’s Wood-
pecker and American Kestrel) had higher
nesting densities in the partially logged burn,
although only densities of Lewis’s Woodpecker
nests were significantly higher.

Contrary to our predictions that the bluebird
species would favor the open habitat of the

partially logged burn, Mountain Bluebird nest-
ing densities were significantly higher in the
unlogged burn, while densities of Western
Bluebird nests were nearly equal in the two
burned sites. A similar pattern in abundance of
these two species was reported in burned forests
of central Washington, where Mountain Blue-
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TABLE 2. Results of model regressions for trends in nest densities in relation to time since fire for seven
cavity-nesting bird species in (A) the unlogged Star Gulch burn, and (B) the partially salvage-logged Foothills
burn of western Idaho. Model indicates the hypothesized trend (linear, peaked at four years, or
pseudothreshold [a declining slope]). Adjusted r2 indicates model fit, slope 5 the parameter estimate for the
slope of the trend and indicates the direction of the trend (positive 5 increasing, negative 5 decreasing), and t-
value and P-value indicate the test statistics for the hypothesis that slope 5 0.0.

Model Adjusted r2 Slope 6 SE t-value P-value

A. Unlogged Star Gulch burn

American Kestrel Linear 0.91 0.20 6 0.02 8.5 ,0.001
Peaked 0.60 21.18 6 0.35 23.4 0.01
Pseudothreshold 0.69 1.73 6 0.43 4.0 0.01

Lewis’s Woodpecker Linear 0.86 0.44 6 0.07 6.6 ,0.001
Peaked 0.29 22.06 6 1.04 22.0 0.10
Pseudothreshold 0.76 4.05 6 0.84 4.8 ,0.001

Hairy Woodpecker Linear 0.12 20.11 6 0.06 21.9 0.10
Peaked 0.36 0.87 6 0.38 2.2 0.07
Pseudothreshold 0.05 20.75 6 0.64 21.2 0.29

Black-backed Woodpecker Linear 0.28 20.03 6 0.01 21.9 0.10
Peaked 0.65 0.27 6 0.07 3.8 0.01
Pseudothreshold 0.01 20.18 6 0.17 21.1 0.34

Northern Flicker Linear 0.77 0.20 6 0.04 4.9 ,0.001
Peaked 0.23 20.93 6 0.53 21.8 0.13
Pseudothreshold 0.73 1.93 6 0.30 4.4 ,0.001

Western Bluebird Linear 0.51 0.51 6 0.26 2.9 0.03
Peaked 0.14 21.23 6 0.84 21.5 0.19
Pseudothreshold 0.45 2.41 6 0.93 2.6 0.04

Mountain Bluebird Linear 0.21 0.13 6 0.07 1.7 0.14
Peaked 20.11 20.34 6 0.61 20.6 0.59
Pseudothreshold 0.32 1.38 6 0.66 2.1 0.08

B. Partially logged Foothills burn

American Kestrel Linear 0.34 0.15 6 0.07 2.1 0.08
Peaked 0.41 20.68 6 0.28 22.4 0.05
Pseudothreshold 0.22 2.02 6 1.17 1.7 0.14

Lewis’s Woodpecker Linear 0.41 0.26 6 0.10 2.5 0.04
Peaked 0.23 21.02 6 0.56 21.8 0.11
Pseudothreshold 0.46 3.66 6 1.31 2.8 0.03

Hairy Woodpecker Linear 20.14 0.00 6 0.02 0.0 0.98
Peaked 20.14 0.01 6 0.08 0.2 0.88
Pseudothreshold 20.14 0.03 6 0.23 0.1 0.90

Black-backed Woodpecker Linear 0.20 0.00 6 0.00 21.8 0.12
Peaked 0.43 0.03 6 0.01 2.7 0.03
Pseudothreshold 0.07 20.05 6 0.00 21.3 0.25

Northern Flicker Linear 0.69 0.21 6 0.05 4.3 ,0.001
Peaked 0.78 21.06 6 0.19 25.5 ,0.001
Pseudothreshold 0.51 2.48 6 0.80 3.0 0.02

Western Bluebird Linear 0.42 0.17 6 0.07 2.6 0.03
Peaked 0.28 20.72 6 0.36 22.0 0.08
Pseudothreshold 0.43 2.35 6 0.89 2.6 0.03

Mountain Bluebird Linear 20.11 20.01 6 0.03 20.5 0.66
Peaked 20.07 0.09 6 0.14 0.7 0.52
Pseudothreshold 20.12 20.14 6 0.39 20.4 0.73
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bird numbers were greatest in stands of
moderate snag densities, and Western Bluebirds
were most abundant in salvage-logged stands of
relatively low snag densities (Haggard and
Gaines 2001). Perhaps these two similar-sized,
congeneric bluebird species were separated in
space because of predator avoidance or com-
petition for food and nest sites.

Trends in nesting densities of Mountain
Bluebirds were not as apparent compared to
other aerial insectivores. Though nest densities
were 2–3 times higher for this species in the

unlogged Star Gulch burn, average nest densi-
ties at both locations remained relatively
constant from the early to the late postfire
periods. Increasing or constant nest densities in
the Star Gulch burn were consistent with
Mountain Bluebird nest survival rates, which
increased between early and late postfire
periods. This observation suggests that Moun-
tain Bluebirds may persist in both environments
for more than 10 years after fire.

Trends in nesting densities of aerial insecti-
vores and open-space foragers generally in-
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FIGURE 3. Overall nest survival estimates (diamonds) and confidence limits (bars) for early (1–4 years) and
late (5–12 years) postfire periods for six species of cavity-nesting birds in the partially logged Foothills burn
and the unlogged Star Gulch burn in western Idaho. Numbers in parentheses are the sample sizes of nests for
each period and treatment (partially logged and unlogged). Treatment and postfire period did not affect nest
survival for most species.
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creased in both burns over the 11-year study
period. Vegetation regrowth after fire often
results in increases in arthropod populations
(Hermann et al. 1998, McCullough et al. 1998)
that likely provide food and subsequent in-
creased nesting densities of open-space foragers
(American Kestrel, Lewis’s Woodpecker, and
Western Bluebird). Clearly, increases in nest
densities will decline at some point when
nesting habitat is saturated and snag falling
rates increase (Russell et al. 2006). Pseudothres-
hold trends were also significant for American
Kestrels, Northern Flickers, and Western Blue-
birds, and perhaps these species have begun to
reach a saturation point at 9–10 years postfire
in the unlogged burn. Despite increasing trends
in nest densities with time, nest survival de-
clined for Lewis’s Woodpeckers, Northern
Flickers, and Western Bluebirds, suggesting
that nest densities were not a good indicator
of habitat quality during the later years after
fire (cf. van Horne 1983).

Declining nest survival in the later postfire
period may be a result of increasing predation
pressure or declining food abundance (Saab
and Vierling 2001, Saab et al. 2004), as small
mammalian predators, such as red squirrels
(Tamiasciurus hudsonicus), recolonize wildfire
areas (Fisher and Wilkinson 2005). An increase
in nest predation may also contribute to nest
densities reaching a constant value in later
postfire years. The exception to this overall
trend was the Hairy Woodpecker, whose nest
densities declined in the later years after fire,
while their nest survival remained high. Their
primary food resources were likely diminished
by the start of the late postfire period, perhaps
causing declines in nest numbers (cf. Covert-
Bratland et al., in press).

Inferences from our study are limited because
the treatments were not replicated. However,
the two burns were similar in prefire crown
closure, prelogging snag densities, and burn
severity. We also accounted for calendar year
effects when testing for differences in nest
densities between the partially logged and
unlogged burns. This strongly suggests that
differences detected between the two burned
areas were likely the result of salvage logging
and not other factors.

While individuals of every species in the
cavity-nesting bird assemblage nested in both
the logged and unlogged burns, more species

favored the unlogged burn. Black-backed and
Hairy Woodpeckers were most strongly associ-
ated with the unlogged burn, and both are
resident species that may be more at risk from
salvage-logging practices than Neotropical mi-
grants (Imbeau et al. 2001, Morissette et al.
2002). Migrants evolved under highly variable
abiotic and biotic conditions (Cox 1985), which
may explain why they are less vulnerable than
residents to habitat changes created by salvage
logging. Black-backed Woodpeckers are con-
sidered ‘‘burn specialists’’ and may be especially
vulnerable to population declines due to habitat
loss from postfire salvage logging or fire
suppression (Hutto 1995, Dixon and Saab
2000, Hoyt and Hannon 2002).

In contrast, American Kestrels, Lewis’s
Woodpeckers, and Western Bluebirds, all Neo-
tropical migrants, persisted in the partially
logged burn over the 11-year period that we
monitored nests. Importantly, the salvage
logging was not designed to create clearcuts,
but rather to retain more than half the snags
over 23 cm dbh, which provided suitable
nesting and foraging habitat for aerial insecti-
vores during the decade following fire. Howev-
er, nest survival for Lewis’s Woodpeckers (and,
to a lesser extent, Western Bluebirds) declined
during the later postfire period, indicating that
habitat quality was reduced compared to the
earlier years after fire.

Examining postfire trends in nest densities of
cavity-nesting birds in logged and unlogged
areas is important for determining the time
period over which cavity-nesters occupy these
forests, identifying factors responsible for their
continued use, and providing management
direction on habitat conditions needed for the
long-term persistence of species at risk. Future
research should focus on quantifying postfire
changes in vegetation, prey availability, pre-
dation pressure, and potential competitive
interactions between cavity-nesting species.
Prey availability and predation pressure likely
differ between salvage-logged and unlogged
areas and may influence the extent of in-
terspecific competitive interactions. Replication
of study sites is difficult as severity and timing
of wildfires create opportunistic study sites,
rather than controlled experiments. However,
elucidating the relationships among these fac-
tors would improve understanding of trends in
nest densities and survival through time.

The Condor cond-109-01-09.3d 13/12/06 13:22:23 106 Cust # 8179

106 VICTORIA A. SAAB ET AL.



ACKNOWLEDGMENTS

The USDA Forest Service Rocky Mountain Re-
search Station was the primary source of funding,
with additional contributions from other units of the
Forest Service, including the Intermountain Region,
Pacific Northwest Region, Pacific Northwest Re-
search Station (Wenatchee Laboratory), and Boise
National Forest, principally the Mountain Home
District. Other funding was provided by the National
Fire Plan and the Joint Fire Science Program. Larry
Donohoo provided logistical support and assistance
with study design. We thank all the field assistants
that endured long, hot days to collect data. Rudy
King, Dick Hutto, and Kerri Vierling reviewed an
earlier draft of the manuscript. Two anonymous
reviewers and David Dobkin provided advice that
greatly improved the manuscript.

LITERATURE CITED

APFELBAUM, S., AND A. HANEY. 1981. Bird popula-
tions before and after wildfire in a Great Lakes
pine forest. Condor 83:347–354.

BOCK, C. E., AND J. F. LYNCH. 1970. Breeding bird
populations of burned and unburned conifer
forest in the Sierra Nevada. Condor 72:182–189.

BOCK, C. E., M. RAPHAEL, AND J. H. BOCK. 1978.
Changing avian community structure during
early post-fire succession in the Sierra Nevada.
Wilson Bulletin 90:119–123.

COVERT-BRATLAND, K. A., W. M. BLOCK, AND T.
THEIMER. In press. Hairy Woodpecker winter
ecology in ponderosa pine forests representing
different ages since wildfire. Journal of Wildlife
Management.

COX, G. W. 1985. The evolution of avian migration
systems between temperate and tropical regions
of the New World. American Naturalist 126:
451–474.

DIXON, R. D., AND V. A. SAAB. 2000. Black-backed
Woodpecker (Picoides arcticus). In A. Poole and
F. Gill [EDS.], The birds of North America,
No. 509. The Birds of North America, Inc.,
Philadelphia, PA.

DUDLEY, J., AND V. SAAB. 2003. A field protocol to
monitor cavity-nesting birds. USDA Forest
Service Research Paper RMRS-RP-44.

FISHER, J. T., AND L. WILKINSON. 2005. The
response of mammals to forest fire and timber
harvest in the North American boreal forest.
Mammal Review 35:51–81.

FRANKLIN, A. B., D. R. ANDERSON, R. J. GUTIÉR-
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