FACTORSINFLUENCING OCCUPANCY OF NEST CAVITIESIN
RECENTLY BURNED FORESTS

Author(s): Victoria A. Saab, Jonathan Dudley, William L. Thompson
Source: The Condor, 106(1):20-36.

Published By: Cooper Ornithological Society
https://doi.org/10.1650/7485

URL: http://www.bioone.org/doi/full/10.1650/7485

BioOne (www.bioone.org) is a honprofit, online aggregation of core research in the biological, ecological, and
environmental sciences. BioOne provides a sustainable online platform for over 170 journals and books published
by nonprofit societies, associations, museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated content indicates your acceptance of
BioOne's Terms of Use, available at www.bioone.org/page/terms_of use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial use. Commercia inquiries
or rights and permissions requests should be directed to the individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic institutions, research
libraries, and research funders in the common goal of maximizing accessto critical research.


https://doi.org/10.1650/7485
http://www.bioone.org/doi/full/10.1650/7485
http://www.bioone.org
http://www.bioone.org/page/terms_of_use

The Condor 106:20-36
© The Cooper Ornithological Society 2004

FACTORS INFLUENCING OCCUPANCY OF NEST CAVITIES IN
RECENTLY BURNED FORESTS

VICTORIA A. SaABY*, JONATHAN DUDLEY? AND WiLLIAM L. THOMPSON?
WUSDA Forest Service, Rocky Mountain Research Sation, 1648 South 7th Avenue, MSU Campus,
Bozeman, MT 59717-2780
2USDA Forest Service, Rocky Mountain Research Sation, 316 E. Myrtle &., Boise, ID 83702
SUSGS Arkansas Cooperative Fish and Wildlife Research Unit, Department of Biological Sciences,
University of Arkansas, Fayetteville, AR 72701

Abstract. Recently burned forests in western North America provide nesting habitat for
many species of cavity-nesting birds. However, little is understood about the time frame
and the variables affecting occupancy of postfire habitats by these birds. We studied factors
influencing the occupancy and reuse of nest cavities from 1—7 years after fire in two burned
sites of western Idaho during 1994—-1999. Tree cavities were used for nesting by 12 species
of cavity nesters that were classified by the original occupant (strong excavator, weak ex-
cavator, or nonexcavator) of 385 nest cavities. We used logistic regression to model cavity
occupancy by strong excavators (n = 575 trials) and weak excavators (n = 206 trials). Year
after fire had the greatest influence on occupancy of nest cavities for both groups, while site
of the burn was secondarily important in predicting occupancy by strong excavators and
less important for weak excavators. Predicted probability of cavity occupancy was highest
during the early years (1-4) after fire, declined over time (57 years after fire), and varied
by site, with a faster decline in the smaller burned site with a greater mosaic of unburned
forest. Closer proximity and greater interspersion of unburned forest (15% unburned) may
have alowed a quicker recolonization by nest predators into the smaller burn compared to
the larger burn with few patches of unburned forest (4% unburned). In combination with
time and space effects, the predicted probability of cavity occupancy was positively affected
by tree and nest heights for strong and weak excavators, respectively.

Key words: burned forests, cavity-nesting birds, Lewis's Woodpecker, Melanerpes lewis,
nesting habitat, Picoides, Pinus ponderosa.

Factores que Influencian la Ocupacion de Cavidades de Nidificacion en Bosques
Recientemente Quemados

Resumen. Los bosgues del oeste de América del Norte que han sido recientemente
gquemados proveen habitat de nidificacion para muchas especies de aves que nidifican en
cavidades. Sin embargo, se sabe poco sobre el marco tempora y las variables que afectan
la ocupacion por parte de las aves de los habitats luego del fuego. Entre 1994 y 1999,
estudiamos los factores que influencian la ocupacion y el uso repetido de las cavidades de
nidificacion entre 1 y 7 aflos luego del fuego, en dos sitios quemados en el oeste de Idaho.
Las cavidades de los arboles fueron usadas para nidificar por 12 especies de aves, las que
fueron clasificadas (385 cavidades) seglin el ocupante original (excavador fuerte, excavador
débil y no excavador). Usamos regresion logistica para modelar la ocupacion de las cavi-
dades por parte de excavadores fuertes (n = 575 pruebas) y débiles (n = 206 pruebas). El
afo luego del fuego tuvo la mayor influencia en la ocupacion de |as cavidades de nidificacion
para ambos grupos, mientras que el sitio de la quema tuvo una importancia secundaria en
predecir la ocupacion por parte de excavadores fuertes y menos importancia por parte de
excavadores débiles. La probabilidad predicha de ocupacion de las cavidades fue mayor
durante los primeros afios (1-4) luego del fuego, declinb con el tiempo (5-7 afos luego del
fuego) y vario entre sitios, con una disminucion mas rapida en el sitio quemado mas pequefio
que presentd un mayor mosaico de bosgue no quemado. La proximidad y la mayor disper-
sion de bosques no quemados (15% no quemado) puede haber permitido una recolonizacion
mas rapida de los depredadores de nidos en el sitio quemado pequefio, comparado con el
sitio quemado mayor que presentd pocos parches de bosque no quemado (4% no quemado).
En combinacion con los efectos de tiempo y espacio, la probabilidad predicha de ocupacion
de cavidades fue afectada positivamente por la atura de los arboles y de los nidos para los
excavadores fuertes y débiles, respectivamente.
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INTRODUCTION

Many cavity-nesting birds are associated with
recently burned forests of interior western North
America. Burned forests have been described as
ephemeral source habitats for some species of
cavity-nesting birds because early postfire habi-
tats provide an increase in nesting and foraging
opportunities (Hutto 1995), and a reduced risk
of nest predation compared to unburned forests
(Saab and Vierling 2001). Fire creates snags, al-
ters insect communities, eliminates foliage, and
changes the size, abundance, and distribution of
tree species across landscapes (Huff and Smith
2000, Kotliar et a. 2002). Such physica and
biological changes after fire are rapid compared
to systems undergoing succession with no recent
disturbance. Thus, time since fire is expected to
be an important influence on the patterns of nest
use by cavity-nesting birds.

Duration of occupancy by cavity nesters
varies among species, most likely because of
differences in preferred prey availability, in ad-
dition to the size, distribution, and decay rate of
snags. For example, Black-backed Woodpeckers
(see Table 1 for scientific names) rapidly colo-
nize stand-replacement burns within one to two
years after fire (Murphy and Lehnhausen 1998,
Dixon and Saab 2000). Within five years, how-
ever, they become rare, presumably due to de-
clines in their preferred prey of larval bark
(Scolytidae) and wood-boring (Cerambycidae
and Buprestidae) beetles. In contrast, Lewis's
Woodpecker can be abundant in both recent
burns (2—4 years postfire; Saab and Vierling
2001), and older burns (10-25 years; Bock
1970, Linder and Anderson 1998). Aerial insec-
tivores such as Lewis's Woodpeckers are attract-
ed to recently burned forests (Bock 1970, To-
balske 1997) because vegetation regrowth after
wildfire generally results in rapid increases of
arthropod populations (Horst 1970, Best 1979,
Many 1984).

Avian responses to fire vary not only with
time since fire, but also with burn severity and
size, landscape context of burns, and postfire
salvage logging (Saab and Dudley 1998, Mur-
phy and Lehnhausen 1998, Kotliar et a. 2002,
Saab et al. 2002). Landscape context of fires po-
tentially has profound effects on breeding dis-
tributions and the source-sink status of burned
habitats (Saab and Vierling 2001). Large-scale
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stand-replacement burns that lack a mosaic with
green forest may serve as ephemeral source hab-
itats for some species of cavity-nesting birds.
Mammalian and reptilian nest predators are like-
ly absent or their numbers are reduced drasti-
cally in large, recently burned forests, possibly
alowing for high nest survival and productivity
of cavity-nesting birds (Saab and Vierling 2001).

Cavity-nesting bird communities that occupy
burned forests are diverse in mode of cavity ac-
quisition and in foraging strategies (Bock et al.
1978, Raphael and White 1984, Saab and Dud-
ley 1998). Strong and weak excavator species,
as well as nonexcavators, use burned forests for
nesting habitat. Strong excavators (e.g., Black-
backed Woodpecker) forage primarily in bark
and wood, and typically excavate and occupy a
new nest cavity every year (Dixon and Saab
2000, Aitken et al. 2002). In contrast, nonexca-
vators (e.g., Mountain Bluebird) are primarily
aeria insectivores, and commonly reuse nest
cavities in subsequent years (Aitken et al. 2002).
Weak excavators can follow yet a different pat-
tern. For example, Lewis's Woodpecker is a
weak excavator that typically enlarges existing
cavities and will usurp nests of other species
(Tobalske 1997, Saab and Dudley 1998). Thus,
diverse life histories and patterns of cavity use
characterize the assemblage of cavity-nesting
birds that occupy early postfire forests.

The importance of recently burned forests to
a diverse community of breeding cavity-nesting
birds is well known (Bock and Lynch 1970,
Bock et al. 1978, Raphael and White 1984, Hut-
to 1995, Saab and Dudley 1998). What is not
known, however, is the time period over which
cavity nesters occupy these forests and the fac-
tors responsible for their continued use. In this
study, we asked the question, Which factors
most influence the occupancy of nest cavities
created after fire? We approached this question
by examining the use of nest cavities over a 6-
year period following fire. We monitored newly
excavated cavities and recorded occupancy or
vacancy through the study period, and modeled
occupancy as a function of temporal scale, spa-
tial scale, and microhabitat features at the nest
tree. We hypothesized that year (time since fire)
and site characteristics (amount of unburned for-
est, size, and severity of the burn) would have
the greatest effects on occupancy of nest cavities
in burned forests.
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TABLE 1. General patterns of cavity use in two burned forests of southwestern Idaho. Table indicates number
of cavities used and number of nesting attempts made from 1994-1999, ordered by abundance of origina
occupants. Secondary cavity nesters were original occupants in rare cases when a cavity was excavated but not
subsequently occupied by a primary cavity nester. These data were used to model occupancy of nest cavities

throughout the study period.

No. cavities as original

occupant Total nesting attempts
Foothills  Star Gulch Foothills  Star Gulch
Species Burn Burn Total Burn Burn Total

Lewis's Woodpecker 86 35 121 141 54 195
Melanerpes lewis

Hairy Woodpecker 39 67 106 40 68 108
Picoides villosus

Northern Flicker 25 45 70 26 47 73
Colaptes auratus

Black-backed Woodpecker 9 30 39 9 30 39
Picoides arcticus

Mountain Bluebird 6 10 16 11 21 32
Salia currucoides

Western Bluebird 11 6 17 28 11 39
Salia mexicana

White-headed Woodpecker 4 8 12 4 9 13
Picoides albolarvatus

American Kestrel 0 0 0 10 1 11
Falco sparverius

Pileated Woodpecker 0 2 2 0 2 2
Dryocopus pileatus

Downy Woodpecker 0 1 1 0 1 1
Picoides pubescens

Red-naped Sapsucker 0 1 1 0 1 1
Sohyrapicus nuchalis

European Starling 0 0 0 3 0 3
Surnus vulgaris

Totals 180 205 385 272 245 517

METHODS to the Foothills Burn, patches of green forest

STUDY AREA occupied 15% of the landscape in the Star Gulch

We studied cavity-nesting birds from 1994-1999
in two burned sites of southwestern Idaho
(43°35'N, 115°42'W). Elevation ranged from
1130 to 2300 m and the perimeters of the burns
were separated on average by 10 km. The Foot-
hills Burn (89 159 ha) was created in August
1992 by a high-severity, stand-replacing wild-
fire. Most standing trees were killed by the fire,
and green forest patches occupied less than 4%
of the area within a 1-km radius of nest trees
(Appendix). Postfire salvage logging was con-
ducted in the Foothills Burn, and approximately
half the snags over 23 cm diameter at breast
height (dbh) were removed for timber harvest
(Saab and Dudley 1998). The Star Gulch Burn
(12467 ha) was created in August 1994 by a
mixed-severity, patchy wildfire that resulted in a
mosaic of burned and green forest. In contrast

Burn (Appendix) and the site was not salvage
logged. In both study sites, prefire tree canopy
was dominated by ponderosa pine (Pinus pon-
derosa) and Douglas-fir (Pseudotsuga menzie-
sii), with inclusions of quaking aspen (Populus
tremuloides), subalpine fir (Abies lasiocarpa),
and Scouler’s willow (Salix scouleriana). Trees
and snags were often patchily distributed within
the burned landscapes and interspersed with
large openings of shrubs, including ninebark
(Physocarpus malvaceus) and ceanothus (Cea-
nothus velutinus).

In order to model cavity occupancy, we need-
ed to locate and monitor nestsin both study sites
throughout the 6-year study period, determine
the original excavator of each cavity, record the
history of cavity use starting with the first year
of occupancy, measure nest tree characteristics,
and characterize the landscape surrounding nest
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TABLE 2. Summary of nest cavity reuse by cavity-nesting birds in burned forests of ponderosa pine and
Douglas-fir in southwestern Idaho. The reuse patterns are based on 294 cavities with 398 nesting attempts.

Cavities physically
surviving to

Cavity reuse (%)

No. nest following nest Not By same By same By different
Origina occupant attempts attempt (%) reused species guild2 guild
Strong excavators
Northern Flicker 56 86 90 0 0 10
Pileated Woodpecker 1 100 100 0 0 0
White-headed Woodpecker 11 91 70 10 0 20
Red-naped Sapsucker 1 100 100 0 0 0
Hairy Woodpecker 89 81 68 3 0 29
Downy Woodpecker 1 100 100 0 0 0
Black-backed Woodpecker 29 76 73 0 0 27
Total 188 82 76 2 0 22
Wesak excavators
Lewis's Woodpecker 132 70 45 47 0 9
Nonexcavators
American Kestrel 8 63 100 0 0 0
Western Bluebird 36 94 56 27 6 12
Mountain Bluebird 31 87 63 19 11 7
European Starling 3 100 67 33 0 0
Total 78 89 62 22 7 9
Overal total 398 79 64 19 2 15

aExcluding cavities reused by the same species.

trees. The following methods explain how these
data were collected and incorporated into our
modeling.

NEST SEARCHING AND MONITORING

We conducted a complete census of nest cavities
in both study sites using belt transects (0.4 X
1.0 km) during May—June in an area that aver-
aged 1852 ha each year (range 1582-2468 ha)
from 1994-1999. During the study, we found
1096 cavities, of which we used 385 known-
aged cavities for modeling occupancy because
they were found during the first year of exca-
vation, after the fire, and the original occupant
was known (Table 1). Subsequent to finding
newly excavated cavities, cavities were ob-
served to determine occupancy during a mini-
mum of two 20-min visits between early May
and late June every year. Cavities in which eggs
were laid were considered occupied; cavities
without eggs were classified as vacant. Occupied
cavities were monitored every 3-4 days until
fledging or failure. Egg laying was determined
by viewing adult behavior (90% of nests) that
indicated incubation and by direct observation
(10% of nests) using an electronic camera (Dud-
ley and Saab 2003). The cavity viewer consisted

of a monochrome pinhole camera with a light
source mounted on the end of atelescoping pole.
With the viewer, we monitored cavities up to 12
m high and with minimum cavity entrances of
3.5 cm. We used a handheld monitor on the
ground to view the cavity contents. We do not
know the extent to which individua birds may
have occupied the same cavities in subsequent
years because birds were not marked.

Ninety-one of the 385 cavities used to model
occupancy were observed in only one year of
the study and we could not determine if these
cavities were reused. The remaining 294 cavities
were observed in at least two consecutive years
and had the potential for reuse. These cavities
were used to describe reuse patterns (Table 2).
Occupancy was evauated as the response vari-
able, whereas characteristics of reuse patterns
were used as predictor variables, including the
number of species using an individual cavity,
percentage of nesting attempts that were in the
same guild as the original occupant, and per-
centage of years that a cavity produced a suc-
cessful nest (Table 3).

Species were placed into guilds according to
their mode of cavity acquisition as a strong ex-
cavator, weak excavator, or nonexcavator, Simi-
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TABLE 3. Covariates used to model occupancy of nest cavities in recently burned forests of southwestern

Idaho.

Covariate

Description

Decay

Diameter at breast height (dbh)

Cavity height
Tree height
Number of species

Snag density

Orientation

Precipitation

Same guild

Site
Landscape context

Potential nest competition

Year postfire

Postfire period

Years successful

Decay class (0-5; Cline et a. 1980) of nest tree during year
of cavity occupancy. O = live tree, 5 = most decayed tree

Diameter (cm) of nest tree in the first year of cavity occu-
pancy .

Height (m) of nest cavity

Height (m) of nest tree

No. of cavity-nesting species that occupied the cavity during
the study period

No. of snags and trees >23 cm dbh recorded in 11.3-m-radi-
us plots (0.04 ha) centered at each nest tree in the first
year of cavity occupancy

Compass bearing in which the cavity entrance faced, placed
in 6 categories. 1 = 0-60%; 2 = 61-120°; 3 = 121-180°%;
4 = 181-240°; 5 = 241-300°; 6 = 301-359°

Cumulative precipitation (mm) for March-June for each
year, recorded at a weather station on the periphery of the
study area

Percentage of nesting attempts by species in the same guild
as the origina occupant (strong-, weak-, or non-excavator)

Site of the burn: Foothills or Star Gulch

Percentage of unburned forest within a 1-km radius of nest
locations

Densities of nesting Lewis's Woodpeckers within a 300-m
radius of nest locations

Year after fire in which a nest cavity was occupied or avail-
able for nesting. Full time model, each time interval is
modeled individually (6 parameters, 1994-1999).

Temporal effect constrained to 1 parameter that groups cavi-
ty occupancy into 2 time periods: years 1-4 after fire and
years 5-7 after fire (2 parameters including intercept)

Percentage of years that an occupied nest cavity fledged at

|east one young

lar to those described by Martin et a. (2004)
except that we classified Downy Woodpecker as
a strong excavator. The only weak excavator in
our study was Lewis's Woodpecker. These
guilds were used to model occupancy (n = 385),
and to summarize cavity reuse patterns (n =
294; Table 2).

A nest was considered successful if parents
were observed feeding young near the time of
fledging (80% of average fledging age for each
species; Dudley and Saab 2003) or if fledged
young were observed near the nest. We classi-
fied nest failures as depredated (based on loss of
nestlings, predator signs on nest trees, or adult
behavior), weather related, abandoned, or un-
known.

NEST TREE AND STUDY
SITE CHARACTERISTICS

For each nest, we recorded the following vari-
ables: tree decay class, diameter at breast height,

cavity height, tree height, cavity orientation,
snag density, number of species that occupied
the cavity, percentage of nesting attempts by
species in the same guild as the original occu-
pant, and percentage of years that a nest cavity
fledged young. Tree decay was classified from 0
to 5, representing increasing decay from live (0)
to most decayed (5; Cline et al. 1980). Snag den-
sity was measured as the number of snags =23
cm dbh in a 0.04-ha circle around each nest tree.

We characterized study sites using two vari-
ables: landscape context and potential nest com-
petition. Landscape context was measured as the
mean percentage of unburned forest and mean
snag densities surrounding nests in the two
burns (Appendix). We used nesting densities of
Lewis's Woodpecker to represent potential nest
competition because this woodpecker is known
to usurp nests of other cavity nesters (Tobalske
1997; Saab and Dudley, unpubl. data), poten-
tialy affecting the occupancy of individual nest



cavities by other species. We georeferenced all
nest locations and then used ArcView (ESRI
1999) to calculate nesting densities of Lewis's
Woodpeckers within a 300-m radius (28 ha) of
al nest trees. This area likely encompasses the
territory of the species during the breeding sea-
son (see Bock 1970, Tobalske 1997). Mean den-
sities were higher in the Foothills Burn than in
the Star Gulch Burn (t = 3.3, P < 0.001; Ap-
pendix).

MODEL BUILDING, SELECTION,
AND INFERENCE

We used logistic regression models (Hosmer and
Lemeshow 2000) to model the probability of
cavity occupancy by nesting birds that were
classified into two groups based on their exca-
vator guilds: (1) those initially occupied by
strong excavators; and (2) those initialy occu-
pied by weak excavators. We attempted to mod-
el cavity occupancy of a third group, those with
nonexcavators as origina occupants, but results
were inconclusive due to small sample size. We
did not analyze our data as repeated measures
because logisitic models fitted using nonlinear
mixed procedures (SAS Institute 2000) indicated
little evidence of spatial or tempora autocorre-
lation.

For each group, we generated an a priori set
of candidate models composed of afully param-
eterized, globa model and its reduced forms
containing biotic and abiotic factors that we hy-
pothesized would most influence cavity occu-
pancy based on previous studies (Raphael and
White 1984, Nilsson 1984, Li and Martin 1991,
Martin and Eadie 1999). The Hosmer-Lemes-
how goodness-of-fit test (Hosmer and Lemes-
how 2000) was applied to the global models to
assess whether they adequately fitted the data.
We also calculated the overdispersion parameter,
€ (Pearson’s x? divided by the degrees of free-
dom; McCullagh and Nelder 1989), for the glob-
al models to further evaluate fit and to assess
whether a quasi-likelihood correction was nec-
essary (to adjust our results if € > 1.2; Burnham
and Anderson 2002). Further, we evaluated the
deviance residuals from these models for strong
evidence of temporal (year postfire and postfire
period) or spatial (site) autocorrelation (Table 3).

For global models that fit the data adequately,
we selected among candidate models by ranking
them based on Akaike's Information Criterion
adjusted for small sample sizes (AIC,; Hurvich
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and Tsai 1989). The difference between the AIC,
of a given candidate model and the one with the
lowest AIC, in the candidate set provided the
ranking metric (AAIC,). As a general guideline,
AAIC, between 0 and 2 indicates substantial
support for that model being the best approxi-
mating model, AAIC, between 4 and 7 repre-
sents considerably less support, and AAIC,
greater than 7 indicates essentially no support
(Burnham and Anderson 2002). We report spe-
cific model results only for models with AAIC,
of approximately 2 or less because those are the
ones best supported by the data (Anderson et al.
2001, Burnham and Anderson 2002).

Thirteen covariates were used in the models
to evaluate which factors best predicted occu-
pancy for 385 nest cavities (Table 3). Nest tree
species was not included as a predictor variable
because most (61%) occupied nest cavities were
located in ponderosa pines (Appendix).

The site variable represented the two burned
areas, Foothills and Star Gulch. Sites differed by
several characteristics, including landscape con-
text and potential nest competition (Appendix).
These two variables could not be analyzed as
individual covariates because they were highly
correlated with site and we could not separate
their effects from site effects.

Other factors used to model occupancy of nest
cavities in relation to the study area included
year after fire; year after fire grouped into two
postfire periods, early (1-4 years) and late (57
years) postfire years, and annual precipitation
(Table 3). This postfire period was used because
of expected biological and physical changes dur-
ing early postfire years. Numeric responses by
bark and wood foraging bird species usually oc-
cur 1-2 years after fire and their numbers di-
minish by years 5 and 6 after fire (Bock et al.
1978, Apfelbaum and Haney 1981, Dixon and
Saab 2000). The early years in the postfire pe-
riod covariate represented 2—4 years after fire
for the Foothills Burn and 1-4 years after fire
for the Star Gulch Burn, whereas the later years
represented 5-7 years after fire for the Foothills
Burn and 5 years after fire for the Star Gulch
Burn.

Nest success was monitored in years 1994—
1997 for al species, and in years 1998-1999 for
only three species. Lewis's, Black-backed, and
White-headed Woodpeckers. We did not include
the covariate describing percentage of years in
which the cavity had a successful nest (Table 3)
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with the postfire-period models (early postfire
years vs. later postfire years; Table 3) for the
original occupant group of strong excavators be-
cause we only had data for 16% of the nesting
attempts during years 1998-1999.

Other than the global model, models with a
time factor did not include covariates represent-
ing precipitation because this abiotic factor had
a time element inherent in the data (Appendix).
Temperature (°C) was considered but not used
as a covariate because the mean varied little
throughout the 6-year study period (21.1 =
1.4°C; F = 0.1, P = 0.9). Models for weak ex-
cavator (Lewis's Woodpecker) did not include
number of species using an individua cavity or
percentage of nesting attempts that were in the
same guild as the original occupant because
once this species occupied a nest cavity, it tend-
ed to occupy the cavity for several breeding sea-
sons (Table 2).

We used PROC LOGISTIC to compute ad-
justed odds ratios and their 95% profile likeli-
hood confidence intervals (SAS Institute 2000)
to evaluate the magnitude of effect that each var-
iable had upon cavity occupancy in top-fitting
models. The adjusted odds-ratio estimate is
based on raising the ith model coefficient (B;) to
base e (Hosmer and Lemeshow 2000). We in-
terpreted an adjusted odds ratio for a continuous
predictor variable >1 as the predicted odds of
cavity occupancy for every 1-unit increase in the
continuous variable. For adjusted odds ratios
<1, we computed the reciprocal and evaluated
it relative to predicted odds of vacancy. Adjust-
ed odds ratio for a categorical predictor variable
was interpreted in a similar manner except pre-
dicted odds related to one category level versus
another. When a predictor variable contained >2
category levels, we chose one level as a logical
reference and presented adjusted odds ratios rel-
ative to that category (e.g., probability of cavity
occupancy appeared to change around 4 years
postfire, so we presented odds ratios for this var-
iable relative to year 4).

We present adjusted odds ratios because these
estimates account for other variables in a model
(Allison 1999). We used the lower bound or the
upper bound of the 95% confidence interval as
aminimum estimate of effect size, depending on
whether an adjusted odds ratio was >1 or <1.
Note that a predictor variable (or category level)
may be considered statistically significant if this
confidence interval does not contain 1. An ad-

justed odds ratio, however, may be statistically
significant but ecologically unimportant in size
(Yoccoz 1991), so we interpreted estimates with-
in an ecological context.

RESULTS

Three hundred eighty-five cavities, constituting
517 nesting attempts, were used to model oc-
cupancy of nest cavities in burned forests during
1994-1999. Lewis's Woodpecker, Hairy Wood-
pecker, and Northern Flicker were the most
abundant cavity-nesting species, comprising
73% of all nesting attempts (Table 1). Forty-sev-
en percent of cavities and 53% of nesting at-
tempts were recorded from the Foothills Burn,
while 53% of cavities and 47% of nesting at-
tempts were from the Star Gulch Burn (Table 1).
Of the 517 nesting attempts analyzed, 44 were
monitored in 1994, 90 in 1995, 102 in 1996, 133
in 1997, 74 in 1998, and 74 in 1999. Duration
of individual cavity occupancy was variable but
brief for most cavities, with 296 occupied for
one nesting attempt, 57 occupied for two nesting
attempts, 23 occupied for three attempts, seven
occupied for four attempts, and two occupied for
five attempts. Nesting attempts were generaly
=1 year apart, except in 26 cases (18 in Foot-
hills Burn and eight in Star Gulch Burn) where
cavities were reoccupied during the same year.
Two species were responsible for creating nearly
70% of the cavities in our study area. Hairy
Woodpeckers were the original excavator in
most cases, 148 cavities (38% of the tota),
while Northern Flickers were the original exca-
vator of 118 nests (31%).

We checked 294 of these 385 cavities in at
least two consecutive years (Table 2, Fig. 1). Re-
use patterns were described from these cavities,
including their history of use by individual spe-
cies and guilds. Such information provided con-
text on the cavities used to model occupancy.
Ten cavities were followed for all six years (i.e.,
five potential reuse cases per cavity), 30 for five
years, 58 for four years, 68 for three years, and
124 for two sequential years. Four cavities were
checked in only one year but were reused for
nesting within that year. Sixty-four of the 294
cavities were physically destroyed after one year
of occupancy; the remaining 230 cavities (89 re-
used and 141 not reused), constituting 316 nest-
ing attempts, provided the basis for evaluating
cavity reuse patterns (Table 2).



Not reused M Reused by same species
O Reused by same guild mReused by different guild

100 1

80

[22]
o
1

Cavity reuse (%)

EN
o
L

20 1

0-

Strong excavators Weak excavators  Nonexcavators

FIGURE 1. Reuse of nest cavities (%) in relation to
cavity-nesting guild in ponderosa pine and Douglas-fir
forests of southwestern Idaho. Sample sizes (nesting
attempts) for strong excavators, weak excavators, and
nonexcavators are n = 155, n = 92, and n = 69, re-
spectively.

Cavities previously used by weak excavators
(Lewis's Woodpecker) had the highest reuse rate
(55%), followed by nonexcavators (38% reuse),
and strong excavators (24% reuse; Table 2). Re-
use by the same species was rare among strong
excavators (2%), most frequent in weak exca-
vators (47% for Lewis's Woodpecker), and in-
termediate for nonexcavators (22%; Fig. 1).
Strong excavators (primarily Picoides spp.) pro-
vided the best nesting opportunities for weak ex-
cavators and nonexcavators (Fig. 1). Hairy
Woodpecker cavities were used most often by a
different guild (29%), followed by Black-backed
Woodpecker (27%), White-headed Woodpecker
(20%), and Northern Flicker cavities (10%; Ta-
ble 2).

We contrasted 18 different models with vari-
ous covariate combinations to predict the prob-
ability of occupancy for cavities initially occu-
pied by strong excavators, and 18 models for
those originally occupied by weak excavators
(Table 4). For the set of models developed to
predict cavity occupancy with the origina oc-
cupant as strong excavator, there were 575 trials,
of which 297 were occupied and 278 vacant. Of
the occupied cavities (n = 297), 79% were only
occupied by strong excavators, 11% by both
strong and weak excavators, and 10% by both
strong excavators and nonexcavators. Thus, the
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modeling of cavity occupancy was primarily for
strong excavators and hereafter is referenced as
probability of occupancy by strong excavators.

For the set of models developed to predict
cavity occupancy with the original occupant as
weak excavator, there were 206 trials, of which
163 were occupied and 43 vacant. Of the oc-
cupied cavities (n = 163), 96% were occupied
only by weak excavators, 4% by both weak and
nonexcavators, and <0.001% by both weak and
strong excavators. Thus, this modeling of cavity
occupancy was primarily for weak excavators
and hereafter is referenced as probability of oc-
cupancy by weak excavators.

Goodness-of-fit  tests indicated that global
models for both strong (P = 0.84) and weak (P
= 0.26) excavators adequately fitted the data. In
addition, no strong temporal or spatial patterns
were evident in the deviance residua plots for
either globa model, so we treated time and
space as fixed effects. We did not apply a quasi-
likelihood correction to the model ranking cri-
terion (AIC,) or to standard errors of parameter
estimates because the overdispersion parameter
estimates for the globa models were close to
one.

The best-fitting model for strong excavators
was the only plausible one relative to others in
the candidate set (Table 4; model 1, Akaike
weight = 0.99). That is, the model containing
year postfire, site, cavity orientation, tree decay,
and tree height was at least 116 times more plau-
sible than the next best model. Predicted prob-
abilities of occupancy were most strongly influ-
enced by year after fire and site, with occupancy
higher in early postfire years and in the Foothills
Burn. The odds of cavity occupancy were nearly
15 times higher during the first year after fire
than during the fourth year postfire (Table 5, Fig.
2). Tree cavities in the Foothills Burn had at
least 5.3 times higher odds of occupancy than
cavities in the Star Gulch Burn (Table 5). Oc-
cupancy was less influenced but positively re-
lated to cavities with greater tree heights, with
decay class 2, and with easterly orientations of
61-120° (Table 5, Fig. 2). The odds of vacancy
were at least 1.2 times higher for cavities facing
southwest (category 4 = 181-240°) than nest
cavities facing an easterly direction (category 2;
Table 5). The range of tree heights did not influ-
ence occupancy of strong excavators during ear-
ly postfire years, whereas probability of occu-
pancy increased with greater tree heightsin later
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TABLE 4. Model selection results based on logistic regression, used to predict cavity occupancy by strong
excavators (n = 575 trials) and by a weak excavator (Lewis's Woodpecker; n = 206 trials) nesting in two
recently burned areas of southwestern Idaho, 1994-1999. Models are ranked from most plausible (AAIC. = 0)
to least plausible; k is the number of parameters. All models with AAIC, = 2.04 are listed, as well as the global
model regardless of its plausibility. The ratio of Akaike weights (w;/w;) indicates the plausibility of the best-
fitting model compared to other models. See Table 3 for explanation of variable names.

Akaike
Log weight
Candidate model likelihood k AAICA (W)  wW/w,
Strong excavators
Model 1: Year postfire, Site, Orientation, Decay, Tree height -290.28 19 0.00 0.99 1.0
Same guild, Year postfire, Postfire period, Years successful,
Precipitation, Nest height, Number of species, Dbh, Site, Ori-
entation, Decay, Tree height? -286.35 27 952 <0.01 116.9
Weak excavators
Model 1: Postfire period -101.50 2 0.00 0.26 1.0
Model 2: Year postfire -97.64 6 0.66 0.19 14
Model 3: Postfire period, Nest height -101.09 3 124 0.14 19
Model 4: Year postfire, Years successful -97.26 7 202 0.09 2.9
Model 5: Postfire period, Site -101.49 3 204 0.09 2.9
Year postfire, Postfire period, Years successful, Precipitation,
Nest height, Dbh, Site, Orientation, Decay, Tree height? —-88.62 21 1721 <0.01 5454.2

aStrong excavators. minimum AIC. = 619.93; weak excavators. minimum AIC,; = 207.05.

b Global model.

postfire years (Fig. 2). This pattern was partic-
ularly evident at the Star Gulch Burn, where the
predicted probability of occupancy was below
0.5 at cavities with lower tree heights.

The best-fitting models for weak excavators
(Lewis's Woodpecker) were the top five models,
al of which included time effects (Table 4). All
of these models had AAIC, values =2.04, dem-
onstrating that none of these models could be
discounted as an explanation of occupancy by
Lewis's Woodpecker. The sum of the Akaike
weights for the models was 0.77, indicating that
77% of the weight of evidence for occupancy of
nest cavities was in models 1-5. Predicted prob-
ability of occupancy was most strongly influ-
enced by year after fire (Table 4), and less af-
fected but positively related to cavities with
greater nest heights and those with successful
nests in most years (Fig. 3, 4). The effect of site
was inconclusive by itself but was important in
predicting cavity occupancy when included with
postfire period (Table 4, Model 5). The odds of
cavity occupancy by Lewis's Woodpecker were
at least 1.4 times greater during early years (1—
4) after fire than for later postfire years (5-7;
Table 6, model 1). The predicted probability of
occupancy appeared to decline through time, but
was especially apparent by year 7 after fire (Fig.

4). The odds of a vacant cavity were at least 1.5
times higher during the seventh year postfire
than during the fourth year postfire (Table 6,
model 2). Probability of occupancy was high for
cavities of various nest heights during early
postfire years, whereas predicted probabilities
increased with nest height in the later postfire
years (Fig. 3). Regardless of the percentage of
years with a successful nest, predicted probabil-
ities of occupancy through the sixth year postfire
were high (>0.6) compared to seven years after
fire (=0.5; Fig. 4).

DISCUSSION

Time since fire had the greatest influence on oc-
cupancy of nest cavities for all species, whereas
site characteristics were secondarily important in
predicting cavity occupancy. Microhabitat fea-
tures had an important but weaker influence than
year or site on cavity occupancy. Of cavities for
which we knew the original occupant, few were
reused in subsequent years even among cavities
used by nonexcavators. Reused cavities were lo-
cated in taler, decayed trees, faced an easterly
direction, were excavated higher in the tree, and
tended to produce successful nests.

Cavities available to nonexcavators originated
primarily from the 22% of reused cavities cre-
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TABLE 5. Parameter estimates = SE, and adjusted odds ratios from the best model (Table 4) for predicting
probability of occupancy of nest cavities by strong excavators in recently burned forests of southwestern Idaho
during 1994—-1999. Odds ratios for categorical variables indicate the odds of occupancy for one category level
relative to another category level (specified in *‘contrast” column). Odds ratios for continuous variables indicate
the odds of occupancy for every 1-unit change in the variable. Confidence limits that do not contain 1 are

considered statistically significant.

Adjusted odds ratio

Parameter Parameter Confidence
Value estimate + SE Contrast Estimate limits
Intercept -0.92 = 0.39
Year postfire
1 3.62 = 0.73 lvs 4 64.2 15.0-490.2
2 221 + 034 2vs 4 15.8 7.5-355
3 0.97 = 0.25 3vs 4 4.6 2.6-8.1
5 -0.50 = 0.25 5vs 4 11 0.6-1.9
6 —2.13 = 045 6vs 4 0.2 0.07-0.6
7 -3.63 = 0.61 7vs. 4 <0.1 0.01-0.2
Site
Foothills 113 + 0.16 Foothills vs. Star Gulch 9.5 5.3-18.0
Orientation
1 -0.04 = 0.22 lvs 2 0.5 0.2-1.0
3 0.11 = 0.23 3vs 2 0.6 0.3-1.2
4 -0.23 + 0.25 4vs. 2 0.4 0.2-0.8
5 -0.43 = 0.27 5vs 2 0.3 0.1-0.7
6 -0.13 + 021 6vs 2 0.4 0.2-0.9
Decay
0 0.03 = 1.14 Ovs 2 0.5 0.02-6.0
1 0.38 = 0.48 lvs 2 0.7 0.3-14
3 0.18 = 0.44 3vs 2 0.6 0.3-1.2
4 -0.14 = 0.58 4vs. 2 0.4 0.1-1.3
5 -1.21 + 1.19 5vs 2 0.1 <0.01-1.7
Tree height
0.05 + 0.01 11 1.0-1.1

ated by strong excavators, while nearly 80% of
excavated cavities were not reused. As the burns
became older, the number of available cavities
increased as a result of strong excavators (pri-
marily Hairy Woodpeckers) creating new nest
cavities every year through the study period.
During the first two years after fire, numbers of
cavity-nesting birds were relatively low (Saab
and Dudley 1998). Their numbers doubled, how-
ever, within four years after the Foothills Fire,
suggesting that suitable nest cavities were not
limited in the later postfire years.

These results provide strong evidence for our
hypotheses that year (time since fire) and site
characteristics (amount of unburned forest, size,
and severity of the burn) would have the most
impact on occupancy of nest cavities. Site char-
acterized spatial scale, which had a greater in-

fluence on occupancy by strong than weak ex-
cavators. We know that selection of habitat scale
varies by species, athough we do not fully un-
derstand the mechanisms that underlie these dif-
ferences. Availability of insect prey likely had
an important influence on the scale of habitat
used by the two groups of excavators that dif-
fered in their foraging strategies. The group of
strong excavators was dominated by wood- and
ground-foraging species (Hairy Woodpecker and
Northern Flicker), whereas the weak excavator
(Lewis's Woodpecker) foraged primarily on fly-
ing arthropods.

TIME AND SITE EFFECTS ON OCCUPANCY

Whether time since fire was constrained into two
time periods (years 1-4 and 5-7 postfire) or
used in the full time model, it was the best pre-
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FIGURE 2. Predicted probabilities of cavity occu-
pancy for strong excavators based on tree heights, de-
rived from logistic regression model results. Predicted
probabilities represent n = 404 trias in the Foothills
Burn and n = 171 trids in the Star Gulch Burn for
nest cavities oriented in an easterly direction, in trees
with decay class 2. Error bars represent the 95% con-
fidence intervals for estimates associated with the min-
imum, median, and maximum values observed for tree
height.

dictor of cavity occupancy. Odds of occupancy
were greater in the early period and lower in the
later period. The time periods were selected be-
cause of expected biological and physical chang-
es by four to five years after fire. Forest struc-
ture, insect assemblages, and vertebrate com-
munities change rapidly in these early postfire
years (e.g.,, Blackford 1955, Raphael et al.
1987). Rates of change generaly depend on
burn severity, and pre- and postfire vegetation
(Huff and Smith 2000, Saab et al. 2002, Kotliar
et a. 2002). Snag decay and faling rates in-
crease (Morrison and Raphael 1993, Bull et al.
1997), numbers of bark and wood-boring beetles
decline significantly (e.g., McCullough et al.
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FIGURE 3. Predicted probabilities of cavity occu-
pancy for weak excavators based on nest height, de-
rived from logistic regression model results. Predicted
probabilities represent n = 75 trials for years 1-4 post-
fire and n = 131 trials for years 5-7 postfire. Error
bars represent the 95% confidence intervals for esti-
mates associated with the minimum, median, and max-
imum values observed for nest height.

1998), and mammalian and reptilian nest pred-
ators begin to recolonize, as suggested by Saab
and Vierling (2001). At the same time, shrub
development and associated arthropods increase
with year postfire (e.g., Bock 1970, Lowe et al.
1978, Huff et al. 1985). Such changes during the
early postfire years evidently affect occupancy
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FIGURE 4. Predicted probabilities of occupancy for
weak excavators based on the percentage of years an
occupied cavity was successful, derived from logistic
regression model results. Predicted probabilities rep-
resentn =13, n=28,n=34,n=60,n= 39 and
n = 32 trias for years 2 through 7 postfire, respec-
tively.
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TABLE 6. Parameter estimates = SE, and adjusted odds ratios from the five best models (Table 4) for pre-
dicting probability of occupancy of nest cavities by weak excavators (Lewis's Woodpecker) in recently burned
forests of southwestern Idaho during 1994—1999. Odds ratios for categorical variables indicate the odds of
occupancy for one category level relative to another category level (specified in *‘ contrast” column). Odds ratios
for continuous variables indicate the odds of occupancy for every 1-unit change in the variable. Confidence
limits that do not contain 1 are considered statistically significant.

Adjusted odds ratio

Model
Parameter Parameter Confidence
Value estimate + SE Contrast Estimate limits
Model 1
Intercept 157 = 0.21
Postfire period
Early 0.56 = 0.21 Early vs. late 31 14-75
Model 2
Intercept 1.60 = 0.25
Year postfire
2 0.88 = 0.88 2vs. 4 21 0.3-41.8
3 0.96 + 0.65 3vs 4 2.2 0.4-16.6
5 -0.11 = 0.37 5vs 4 0.8 0.2-2.3
6 -0.54 = 0.39 6vs 4 0.5 0.1-1.6
7 -1.35 = 0.38 7vs. 4 0.2 0.06-0.7
Model 3
Intercept 1.20 = 0.45
Postfire period
1 0.57 £ 0.21 1lvs 2 31 1.4-7.7
Nest height 0.04 = 0.04 1.0 1.0-1.1
Model 4
Intercept 128 £ 044
Year postfire
2 0.82 = 0.89 2vs 4 19 0.3-39.2
3 0.95 = 0.65 3vs 4 2.2 0.4-16.3
5 -0.07 = 0.37 5vs 4 0.8 0.2-2.4
6 -0.45 *= 0.40 6vs 4 0.5 0.2-1.8
7 -1.39 + 0.39 7vs 4 0.2 0.06-0.7
Years successful 0.41 + 0.46 15 0.6-3.7
Model 5
Intercept 155 + 0.23
Postfire period
1 0.56 + 0.21 1lvs 2 31 14-75
Site
Foothills 0.03 = 0.21 Foothills vs. Star Gulch 11 0.5-2.3

of nest cavities (this study), reproductive success
(Saab and Vierling 2001), and foraging habitat
(Murphy and Lehnhausen 1998) of cavity-nest-
ing birds.

Probability of cavity occupancy by strong ex-
cavators declined by the fourth year postfire in
the Star Gulch Burn and by the sixth year post-
fire in the Foothills Burn, even when decay and
orientation remained constant (Fig. 2). This de-
cline was particularly evident in the Star Gulch

Burn. Apparently, other factors affected occu-
pancy of nest cavities in these later postfire
years, perhaps including inherent characteristics
of site, nest predation, food availability, or com-
petition for cavities.

Nest-site competition was an unlikely expla-
nation of declines in cavity occupancy based on
the low rates of cavity reuse in our study area.
In addition to reuse patterns, nesting densities of
Lewis's Woodpecker were used as a proxy for
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nest-site competition because this species usurps
nests of other cavity nesting species (Tobalske
1997; Saab and Dudley, unpubl. data). However,
cavity occupancy declined sooner in the study
at the Star Gulch Burn than at the Foothills
Burn. Because the Star Gulch Burn had lower
nesting densities of Lewis's Woodpecker than
the Foothills Burn, we regard nest usurpation by
Lewis's Woodpecker as a poor explanation for
declines in cavity occupancy.

Higher snag densities in the Star Gulch Burn
presumably provided greater foraging opportu-
nities for bark- and wood-foraging woodpeckers
(Saab et a. 2002), assuming that food availabil-
ity was limited by snag numbers. Yet declines
in occupancy were more rapid in the unlogged
Star Gulch Burn than in the logged Foothills
Burn. Although the predicted declines in cavity
occupancy occurred in different postfire years at
the two burn sites, the declines occurred in the
same calendar years, 1998-1999. This possibly
suggests an actual year effect that could have
influenced food availability or nest predators.

In combination with time and space effects,
tree and nest height affected the predicted prob-
abilities of cavity occupancy by strong and weak
excavators, respectively. Tree and nest heights
were not only important in predicting cavity oc-
cupancy but their values changed through time.
Because strong excavators readily create nest
cavities, their selection for various tree heights
was expected. In contrast, selection for nest
height rather than tree height was expected for
Lewis's Woodpecker because it has a weaker
ability to excavate its own nest cavities and
more commonly selects nests from existing cav-
ities (Table 2; Fig. 1). Nest occupancy by strong
excavators was consistently high for al tree
heights during the early postfire years. In the
later years, however, the probability of occupan-
cy was lower for cavities in shorter trees but
increased with tree height (Fig. 2). Tree height
was positively correlated with nest height for
cavities occupied by strong excavators in our
study areas (r = 0.67, P < 0.001). Perhaps
strong excavators selected taller trees (and cor-
respondingly higher nests) to reduce the risk of
nest predation in the later postfire years (4-7), a
period in which nest predators may have had
time to recolonize the burns.

Similarly, we observed that probability of oc-
cupancy by weak excavators (Lewis's Wood-
pecker) was consistently high at al nest heights

in the early postfire years. In the later postfire
years, however, the probability of occupancy
was lower for lower nest cavities but increased
with nest height. Nest predators could have been
responsible for the observed changes in cavity
occupancy because they strongly influence the
use and success of nest cavities (Nilsson 1984,
Li and Martin 1991). The patterns in occupancy
of nest cavities that we observed in burned for-
ests were similar to patterns observed in nest
success of cavity-nesting birds in green forests.
Lower nest success was reported for individuals
and species with lower nest heights, where pre-
dation was the main cause of nest failure (Nils-
son 1984, 1986, Rendell and Robertson 1989, Li
and Martin 1991, Albano 1992).

We propose that nest predation underlies the
observed effects of time since fire and cavity
height on occupancy. Fire reduces numbers of
small mammalian and reptilian nest predators.
They begin to recolonize by the fourth year after
fire, and the rate of recolonization depends on
the patchiness of the burn. As nest predators re-
colonize the burns, predation pressure increases
and consequently, cavity nesters use less pred-
ator-accessible cavities. Small mammalian and
reptilian nest predators commonly observed in
or near our study area include red squirrels (Ta-
miasciurus hudsonicus), weasels (Mustela spp.),
and bullsnakes (Pituophis melanoleucus).

The Star Gulch Burn was relatively small,
characterized by mixed fire severities, and a mo-
saic of unburned forest, whereas the Foothills
Burn was larger, created by more high-severity
fire, with little unburned forest remaining after
the fire. Close proximity and interspersion of un-
burned forest patches potentially provided great-
er access for nest predators into the Star Gulch
Burn. Nest predators likely had time and access
to recolonize the burn by the fourth year after
fire, increasing predation pressures and decreas-
ing occupancy of nest cavities in the Star Gulch
Burn. Declines in predicted probability of oc-
cupancy in the larger and presumably |ess pred-
ator-accessible Foothills Burn were not evident
until the sixth year after fire. The mean per-
centage of nesting attempts that failed due to
predation varied little between the two burned
sites during the period in which we monitored
nest success of all species (1994-1997; Foothills
mean 19.0 = 2.2%, n = 4 years; Star Gulch
mean 17.7 = 2.5%, n = 3 years; Saab and Dud-
ley, unpubl. data). Numbers of nest predators



and causes of nest failures should be studied
concurrently during early postfire years to test
our hypothesis that nest predation is the mech-
anism responsible for changes in cavity occu-
pancy.

EFFECTS OF CAVITY REUSE PATTERNS

ON OCCUPANCY

Occupancy by strong excavators was not ex-
plained by models with parameters that charac-
terized reuse patterns: number of species using
a cavity, percent reused by the same guild, and
percent of years with a successful nest. This re-
sult was anticipated for strong excavators in our
study area because they rarely (2% of nests) re-
used nest cavities.

Percentage of years with a successful nest,
however, was important for predicting cavity oc-
cupancy by Lewis's Woodpecker, our only weak
excavator. Once a Lewis's Woodpecker occupied
a nest cavity, it apparently maintained occupan-
cy over severa years. Reuse of cavities by this
woodpecker was nearly 50%, the highest among
the species that we studied. This pattern was not
surprising based on their aggressive nature and
ability to usurp nests of other cavity nesters, and
their weak excavator morphology (Tobalske
1997; Saab and Dudley, unpubl. data). Assum-
ing that risk of predation increases over time af-
ter fire, the percentage of years with a successful
nest should have a stronger influence in the later
postfire years. Indeed, this was the pattern that
we observed and it was particularly important in
postfire year 7.

Nest tree species was unimportant for cavity
occupancy or reuse in our study area. Ponderosa
pine was the most frequently used tree for nest-
ing but it was also the most abundant tree spe-
cies, thus no selection for tree species was evi-
dent. Tree species selection was important for
reuse of cavities in unburned forests of British
Columbia (Aitken et al. 2002). Cavity nesters
favored quaking aspen for both cavity excava-
tion and reuse. Opportunities and actual nesting
use of aspen were rare in our study area (Ap-
pendix), perhaps because it was uncommon and
patchily distributed. When aspen is available, it
plays a key rolein the nesting ecology of cavity-
nesting birds (Dobkin et a. 1995, Aitken et a.
2002, Martin et al. 2004).

MICROHABITAT EFFECTS ON OCCUPANCY

Snags were abundant in postfire years 1 and 2,
but not easily excavated because trees had little
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time to decay (Hutto 1995, Saab and Dudley
1998). Broken-topped or forked trees were typ-
ical characteristics of decay class 2, which were
the trees most commonly excavated and most
likely to have occupied cavities based on our
models. This pattern was not surprising because
tree decay varied little throughout the study pe-
riod (Appendix), and only 1 of 385 trees had a
change in decay class during our study, from
class 2 to class 3.

Cavity orientation in an easterly direction was
another nest tree characteristic included in the
best model for predicting cavity occupancy by
strong excavators. Several factors may have in-
fluenced cavity occupancy in this direction, in-
cluding weather, thermal environment, and hear-
trot (Conner 1975, Daily 1993). In western |da-
ho, prevailing winds blow from the southwest,
which may have deterred occupancy of cavities
facing that direction. An easterly direction may
have aided in warming the cavity during the
morning hours, the period with the lowest day-
time temperatures. If heartrot were more preva-
lent on the east side of trees, this would have
provided opportunities for excavation.

Unlike strong excavators, occupancy by Le-
wis's Woodpecker was not explained by models
with parameters that characterized nest tree fea-
tures, such as decay and orientation. Such results
were unsurprising because strong excavators
have a greater physical ability to select the
placement of their cavities in relation to tree de-
cay and entrance orientation. Species with weak
excavator morphology (i.e., Lewis's Woodpeck-
er) are limited by their physical ability to exca-
vate, resulting in less control over the placement
of their cavities.

Models with other parameters that described
nest trees (diameter and snag density surround-
ing nest trees) did not explain cavity occupancy.
Studies comparing nest cavity use to availability
reported that tree diameter and density were im-
portant for nest-site selection by cavity-nesting
birds (Raphael and White 1984, Li and Martin
1991, Saab et al. 2002). In this study, however,
we compared cavity occupancy to vacancy of
selected nest trees that were used for nesting in
one or more years of our study. Our results,
therefore, could not be expected to follow the
same pattern.

We did not measure cavity entrance size and
volume, although these factors are reported to
be important for cavity reuse because they influ-
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ence the species that can use cavities (Peterson
and Gauthier 1985, Aitken et al. 2002). In these
studies there was a large variance in the size of
birds that were using nest cavities (e.g., from
Tree Swallows [Tachycineta bicolor] to Buffle-
heads [Bucephala albeola]), thus size and vol-
ume of the cavity was expected to be important.
In our study, body size was not highly variable
among the common nesting species (i.e., Moun-
tain Bluebirds to Northern Flickers). Based on
visual estimations of cavity entrance shape and
size, Hairy Woodpeckers and Northern Flickers
were responsible for creating nearly 70% of the
cavities in our study area (Appendix). Conse-
quently, cavity entrance size and volume prob-
ably varied little and were likely not important
features for determining occupancy by cavity-
nesting species, with the exception of American
Kestrel (an uncommon nesting species; Table 1).

Understanding the temporal changes in habi-
tats and populations is essential for the conser-
vation and management of cavity-nesting birds
using recently burned forests (Hutto 1995, Mar-
tin and Eadie 1999, Saab and Vierling 2001).
Habitat created by fire is an ephemeral resource.
Our study suggests the need for replacing this
ephemeral resource to maintain suitable breed-
ing habitat for cavity-nesting birds. Results from
our research help in understanding how long
cavity-nesting birds persist in burned habitats.
Additionally, we have documented that the
length of time in which recently burned forests
remain suitable habitat varies by site, depending
on size, severity, and mosaic of the burn. We
still do not know what portion of the landscape
or how long these ephemeral habitats are needed
to sustain populations of cavity-nesting birds
across western North American forests.
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APPENDIX. Summary statistics (mean = SE except where noted) for the covariates used in modeling occu-
pancy of nest cavities and other descriptive variables for the study area. Sample sizes are reported in Table 1,
Table 2 lists strong and weak excavators; Table 3 defines covariates.

Variable Foothills Burn Star Gulch Burn Study area
Covariates used in models
Decay (class) 2.0 = 0.05 20 = 004 2.0 = 0.03
Diameter at breast height (cm) 452 £ 14 479 £ 14 46.6 = 1.0
Cavity height (m) 85 * 04 10.0 = 0.4 9.3 03
Tree height (m) 153 = 06 18.0 = 0.7 16.7 £ 05
Number of species 12+ 04 1.1+ 0.02 12 = 0.02
Snag density (n per 0.04 ha) 81+ 05 111+ 04 9.7 = 0.3
Orientation (frequency; n cavities)
0-60° 29 36 65
61-120° 31 34 65
121-180° 43 39 82
181-240° 17 33 50
241-300° 22 25 47
301-359° 38 38 76
Precipitation (mm)
1994 232 = 105
1995 60.8 = 17.1
1996 457 = 14.6
1997 37.7 = 39
1998 54.7 = 27.6
1999 16.2 £ 59
Same guild (%) 90 + 0.02 94 = 0.01 92 + 0.01
Site
Landscape context (% unburned) 0.04 = 0.002 0.15 *= 0.005 0.10 = 0.004
Potential nest competition (no. of Lewis's 65+ 04 47 = 04 54 + 03
Woodpecker nests within 300 m)
Years successful (%) 78 + 3 85+ 2 82+ 2

Other descriptive variables
Origina excavator (% of all cavities)

Strong 7 90 84

Weak 23 10 16
Nest tree species (% frequency)

Ponderosa pine 69 54 61

Douglas-fir 29 38 34

Quaking aspen 1 8 5

Subalpine fir 0 1 <1

Scouler’s willow 1 0 <1




