The Condor 114(1):173-184
© The Cooper Ornithological Society 2012

WOODPECKER NEST SURVIVAL IN BURNED AND UNBURNED MANAGED
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Abstract. Woodpeckers are particularly susceptible to habitat changes resulting from forest management be-
cause of their reliance on trees and snags for nesting and foraging. However, the influence of habitat variables on
the reproductive success of woodpeckers has received less attention than it has in other avian taxonomic groups.
We estimated nest-survival rates for the White-headed Woodpecker (Picoides albolarvatus), Hairy Woodpecker
(P. villosus), and Northern Flicker (Colaptes auratus) in managed ponderosa pine (Pinus ponderosa) forests along
the eastern slope of the Cascade Range in Washington, 2005-2010. Using a model-selection framework, we found
that the most supported models included terms for a quadratic effect of date and habitat type for the Hairy Wood-
pecker, a negative effect of percent shrub cover for the White-headed Woodpecker, and a negative linear effect
of date and habitat type, a negative linear effect of snag density, and a positive linear effect of tree density for the
flicker. Survival rates over the entire cycle (laying + incubation + nestling stages) were 0.51 in unburned stands
and 0.41 in burned stands for the Hairy Woodpecker, 0.70 for the White-headed Woodpecker, and 0.41 in unburned
stands and 0.80 in burned stands for the flicker. In both habitats of our study survival rates of Hairy Woodpecker
nests are lower than those reported in other studies, while those of White-headed Woodpecker nests are compa-
rable to those reported in other areas of that species’ range.

Key words:  forest management, Hairy Woodpecker, nest survival, Northern Flicker, Pinus ponderosa,
Washington, White-headed Woodpecker.

Supervivencia del Nido de Carpinteros en Bosques Manejados Quemados y No Quemados de Pino
Ponderosa del Noroeste de Estados Unidos

Resumen. Los carpinteros son particularmente susceptibles a los cambios de habitat que resultan del manejo
de los bosques debido a su dependencia de arboles y tocones para anidar y forrajear. Sin embargo, la influencia
de las variables del habitat sobre el éxito reproductivo de los carpinteros ha recibido menos atenciéon que en otros
grupos taxonomicos de aves. Estimamos las tasas de supervivencia de los nidos para Picoides albolarvatus, P.
villosus 'y Colaptes auratus en bosques manejados de pino ponderosa (Pinus ponderosa) a lo largo de la vertiente
este del Cascade Range en Washington, entre 2005 y 2010. Usando un marco de trabajo de seleccion de modelos,
encontramos que los modelos con mayor soporte incluyeron los términos de un efecto cuadratico de la fecha y del
tipo de habitat para P. villosus, un efecto negativo del porcentaje de cobertura de arbustos para P. albolarvatus,
y un efecto lineal negativo de la fecha y del tipo de habitat, un efecto lineal negativo de la densidad de tocones y
un efecto lineal positivo de la densidad de arboles para C. auratus. Las tasas de supervivencia a lo largo del ciclo
completo (estadios de puesta + incubacion + pichones) fueron 0.51 en los rodales no quemados y 0.41 en los rodales
quemados para P. villosus, 0.70 para P. albolarvatus y 0.41 en rodales no quemados y 0.80 en rodales quemados
para C. auratus. En ambos habitats de nuestro estudio las tasas de supervivencia de los nidos de P. villosus son
menores que las reportadas en otros estudios, mientras que aquellas de los nidos de P. albolarvatus son comparables
con las tasas reportadas para otras areas del rango de la especie.

INTRODUCTION

The structure of contemporary ponderosa pine (Pinus pon-
derosa) forests of the inland northwest of the United States
differs dramatically from historic conditions (Hessburg
et al. 2005, Harrod et al. 2007). Historic forest conditions in-
cluded average densities of 50 trees ha™!, average diameters
at breast height (dbh) of 60—70 cm, and fire-return intervals
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of 5—15 years (Agee 1996, Gaines et al. 2007). As a result
of selective logging (e.g., removal of trees with the largest
diameters) prior to 1930 (Hessburg and Agee 2003), continued
harvesting, and increased frequency of stand-replacing fires
accompanied by a commensurate decline in low-intensity
fires, many ponderosa pine forests are now stocked at 3—10
times their historic density, dominated by smaller trees that
average 20-30 cm dbh (Harrod et al. 1999), and are prone

The Condor, Vol. 114, Number 1, pages 173-184. ISSN 0010-5422, electronic ISSN 1938-5422. © 2012 by The Cooper Ornithological Society. All rights reserved. Please direct all
requests for permission to photocopy or reproduce article content through the University of California Press’s Rights and Permissions website, http://www.ucpressjournals.com/

reprintInfo.asp. DOI: 10.1525/cond.2012.110034


mailto:kozj@yakamafish-nsn.gov
http://www.ucpressjournals.com/reprintInfo.asp
http://www.ucpressjournals.com/reprintInfo.asp

174 JEFFREY M. KOZMA AND ANDREW J. KROLL

to colonization of an understory of shade-tolerant trees such
as Douglas-fir (Pseudotsuga menziesii) and grand fir (4bies
grandis); Hessburg and Agee 2003, Keeling et al. 2006). To
conserve wildlife populations that use ponderosa pine for-
ests, managers require information about wildlife responses
to these drastic changes from historical conditions and actions
that can improve habitat quality.

Woodpeckers are considered keystone species because
of their broad effects on other species. In nesting and forag-
ing, woodpeckers create cavities and excavations that other
species use (Blendinger 1999, Aitken and Martin 2007),
they aid in controlling forest insects (Fayt et al. 2005), and
they may help in dispersing spores of fungi that are agents of
decay (Farris et al. 2004). These activities suggest that wood-
peckers are disproportionately important to their ecosystems
(Virkkala 2006) and account for their frequent use as indica-
tor species by land-management agencies (Saab et al. 2007a,
USDA Forest Service 2008) as well as indicators of forest
birds’ diversity and richness (Mikusinski et al. 2001, Drever
etal. 2008).

Despite the importance of woodpeckers to forested eco-
systems, few studies have examined metrics of woodpecker
demography such as reproductive success or nest survival (for
review see Paclik et al. 2009) or have investigated the asso-
ciations of habitat characteristics with these or related met-
rics. While relating metrics such as nest survival to habitat is
intuitively appealing (because managers can manipulate
habitat features), the available information is mixed about how
habitat features influence avian nest survival. For example,
studies have shown that nest survival is associated with nest
height (Li and Martin 1991, Fisher and Wiebe 2006a), nest
concealment (Martin and Roper 1988, Rangen et al. 1999),
and vegetation density (Easton and Martin 2002, Hollenbeck
et al. 2011). However, other studies have demonstrated that
temporal factors, such as date and nest age, account for varia-
tion in nest-survival patterns (Rossmanith et al. 2007, Bonnot
et al. 2008, Kozma and Kroll 2010).

In Washington, the White-headed Woodpecker (Picoides
albolarvatus) is listed as a species of concern because of its as-
sociation with old-growth ponderosa pine forests (Dixon 1995,
Buchanan et al. 2003, Krannitz and Duralia 2004). Although
the White-headed Woodpecker has recently been documented
inhabiting early- to mid-seral managed forests (Lindstrand and
Humes 2009, Kozma 2011), information is limited regarding
its reproductive success in these forests or in other areas of its
range (notable exceptions include Wightman et al. 2010, Hol-
lenbeck et al. 2011). To address this information gap, we evalu-
ated temporal factors and habitat features associated with nest
survival of the White-headed Woodpecker and two sympatric
woodpeckers, the Hairy Woodpecker (P. villosus) and North-
ern Flicker (Colaptes auratus), breeding within managed pon-
derosa pine forests in the eastern Cascade Range. The Hairy
Woodpecker is a common generalist (Ripper et al. 2007), oc-
curring in a wide variety of forest types across North America.

While this species has a wide geographic distribution, few
quantitative data exist on its breeding biology (Jackson et al.
2002), with most recent research on reproductive success fo-
cused within burned forests (Saab and Dudley 1998, Saab et. al.
2007b, Vierling et al. 2008). Similarly, the Northern Flicker is
also a forest generalist, but detailed information on its breeding
biology is restricted to aspen-dominated habitats (Wiebe and
Moore 2008).

Our objectives were to (1) evaluate nest survival of each
species in burned and unburned ponderosa pine forests with
a recent history of management, (2) examine temporal and
spatial factors that influence nest survival and compare these
factors by species, and (3) document clutch size, egg success,
fledging rates, and nest-initiation dates for each species. We
predicted that daily survival rates should decrease through
the nesting period and be lowest during the nestling phase be-
cause woodpecker nestlings beg with loud calls (Briskie et al.
1999, Tozer et al. 2009), which may attract predators. We also
predicted that cavity height should be positively associated
with nest survival (Fisher and Wiebe 2006a, Mahon and Mar-
tin 2006) and that nests in burned habitats should have higher
survival (Saab and Vierling 2001, Saab et al. 2007b, Kozma
and Kroll 2010).

METHODS

STUDY AREA

We conducted our study within five areas along the eastern
slope of the Cascade Range in southern Kittitas, Yakima, and
northern Klickitat counties, Washington, from 2005 to 2010
(Fig. 1). The eastern slope of the Cascades is characterized by
complex topography (Everett et al. 2000) and hot, dry sum-
mers, with over 80% of the annual precipitation falling during
winter (Wright and Agee 2004). Our study areas were located
on lands managed by the Okanogan—Wenatchee National For-
est, the Washington Department of Natural Resources, and
three private landowners. We monitored 30 sites in the five
study areas, with each site containing one pair of breeding
White-headed Woodpeckers. We selected these sites opportu-
nistically on the basis of reviews of proposed timber harvests
where we encountered White-headed Woodpeckers and by
reviewing a database of historical sightings maintained by the
Washington Department of Fish and Wildlife (Buchanan et al.
2003). The sites’ elevation ranged from 560 to 1270 m.

The overstory of the study sites was dominated by ponder-
osa pine with a small component of Douglas-fir, western larch
(Larix occidentalis), grand fir, and quaking aspen (Populus
tremuloides), depending upon elevation and topography. The
understory was dominated by antelope bitterbrush (Purshia tri-
dentata), snowbrush ceanothus (Ceanothus velutinus), wax cur-
rant (Ribes cereum), snowberry (Symphoricarpos alba), and
birch-leaved spiraea (Spiraea betulifolia var. lucida). Overall,
sites were characteristic of the “hot dry shrub/herb” (ponderosa
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FIGURE 1. Location of study areas searched for Hairy Wood-

pecker, Northern Flicker, and White-headed Woodpecker nests in
Kittitas, Yakima, and Klickitat counties, Washington, 2005-2010.

pine/bitterbrush/bluebunch wheatgrass [Agropyron spicatum])
and “warm dry shrub/herb” (Douglas-fir/bitterbrush/blue-
bunch wheatgrass) vegetation types described by Harrod et
al. (1999). Twenty sites were in unburned managed stands
where timber had been harvested within the past 16 years, and
10 sites were in burned and salvaged stands representing 1-10
years post-fire. Twelve unburned sites were managed by pre-
commercial thinning, where small-diameter understory trees
were removed leaving more large-diameter trees: average of
157.8 trees ha™' >10.16 and <40.6 cm dbh (95% CI: 128.9, 186.8)
and 68.0 trees ha™' >40.6 cm dbh (95% CI: 41.7,94.4); n =7 sites;
data summarized from Kozma (2011). Eight unburned sites were
managed by thinning from below, dominant and co-dominant
trees being removed, resulting in evenly spaced trees with a sim-
ilar dbh and fewer large-diameter trees: average of 136.4 trees
ha™! >10.16 and <40.6 cm dbh, (95% CI: 106.5, 166.2) and 27.2
trees ha™! >40.6 cm dbh (95% CI: 14.4, 40.1); n = 7 sites; data
summarized from Kozma (2011). Salvage logging occurred in
burned stands, and the majority of merchantable dead trees were
removed, leaving larger overstory trees that survived the fire
mixed with fire-killed trees of smaller diameter.

NEST SEARCHING AND MONITORING

We searched for nests from early April to early July at a sub-
set of the 30 sites each year because of time constraints. We
searched sites at least once every 7-10 days, resulting in ap-
proximately equal search effort at each site. To make finding
nests easier, we used playbacks of calls and drumming to lo-
cate White-headed and Hairy Woodpeckers on breeding ter-
ritories (Johnson et al. 1981, Nappi and Drapeau 2009). We
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followed either sex during the nesting season to find cavities
(because both sexes excavate cavities and incubate eggs) or we
relied on adults carrying food, adults’ distress calls, or sounds
of begging chicks to reveal the cavity’s location. We followed
the same procedure for locating Northern Flicker cavities,
with the exception of call playbacks, and we also checked cav-
ities nesting flickers used in previous years because of their
propensity to reuse cavities (Gentry and Vierling 2008).

We viewed contents of cavities up to 11 m above ground
with a Tree Top Peeper IV nest-inspection system (Sandpiper
Technologies, Inc., Manteca, CA; Kozma and Kroll 2010).
When checking a nest, we recorded the date and time, stage
of nesting, clutch size, number of young, and an estimate of
nest age (determined by incubation start date or hatch date if
known, or feather development of young). We attempted to
check each nest at least once a week until we determined its
fate. We considered a nest successful if we observed =1 fledg-
ling near the cavity or if the cavity was occupied by =1 young
of known age that were within 2 days of fledging. We recorded
nests as depredated if all eggs or young were gone before the
anticipated time of fledging. If we found a nest during incu-
bation, we calculated nest-initiation dates (day the first egg
was laid) by backdating from the day of hatching or fledging,
or from the age of young as estimated from feather develop-
ment, assuming that incubation began on the day the last egg
was laid and that one egg was laid each day (Pechacek 2006).
We calculated egg success by dividing the number of young
fledged by the number of eggs laid (Murray 2000).

VEGETATION SAMPLING

We sampled the vegetation surrounding each nest (cavities
containing >1 egg) after cavities were vacated. At each nest
tree or snag, we recorded cavity height, tree or snag height,
dbh, tree or snag species, and canopy cover. We measured
cavity height and tree or snag height with a meter tape or cli-
nometer. Using a spherical crown densiometer at the base of
the nest tree or snag, we measured canopy cover in the four
cardinal directions then averaged the four estimates (Farns-
worth and Simons 1999).

We sampled vegetation in 5- and 11.3-m-radius circles
centered on each nest tree or snag (modified from James and
Shugart 1970). Within the 5-m circle, we visually estimated
the percent cover of each shrub species. Within the 11.3-m
circle (0.04 ha) we tallied trees and snags in three dbh cat-
egories (25.4—<50.8 cm, 50.8—<76.2 cm, and >76.2 cm). We
measured local-scale habitat features because they are fre-
quently used to investigate the influence of vegetation vari-
ables on woodpeckers’ nest-site selection and nest survival (Li
and Martin 1991, Fisher and Wiebe 2006a, Bonnot et al. 2008,
Tozer et al. 2009). Although landscape-level components
may be important at influencing woodpeckers’ reproductive
biology (Mazgajski and Rejt 2006, Robles et al. 2008, Wight-
man et al. 2010), we focus on local-scale habitat features be-
cause they are most likely to influence nest predation, the
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largest source of nest failure in our study. After vegetation
sampling was completed, we marked each nest tree or snag
with a numbered aluminum tag.

STATISTICAL ANALYSIS

We used an information-theoretic framework (Burnham and
Anderson 2002) to evaluate support for 13 candidate models of
survival of woodpecker nests. We fit models in a two-stage pro-
cess. First, we fit four models to account for temporal variation
in survival, including date, a quadratic effect of date (date?), nest
stage (i.e., laying, incubation, or nestling; Grant et al. 2005), and
an interaction between date and nest stage, as well as constant
(intercept only) and global models. We used the best model from
this first stage as a base model to examine seven additional mod-
els that included spatial factors such as differences in habitat
characteristics, differences among trees and snags used for nest-
ing, and habitat type (burned or unburned). We considered the
following habitat characteristics: cavity height (m), dbh of the
nest tree or snag (cm), total number of snags (sum of all snags
>25.4 cm dbh 0.04 ha™'), total number of live trees (sum of all
trees >25.4 cm dbh 0.04 ha™"), percent shrub cover, and canopy
cover. We standardized all continuous covariates by subtracting
the mean and dividing by the standard deviation.

We used the logistic-exposure method (Shaffer 2004) to
model daily nest survival. This method estimates daily-nest-
survival probabilities as a logistic function of the values of in-
dependent covariates on a given day. The two assumptions of
this method are that nest fates are independent of each other
(i.e., the fate of a nest is not influenced by the fate of other
nests) and that daily-nest-survival probabilities are equivalent
among nest-days that have equal values of explanatory covari-
ates. In this analysis, we treated each interval between visits
to a nest as one observation. We calculated period-survival
rates (PSR, laying + incubation+ nestling stages; Shaffer and
Thompson 2007) and defined period lengths as follows: for
egg laying, 4 days for White-headed and Hairy Woodpeck-
ers and 7 days for the Northern Flicker (on the basis of mean
clutch sizes; Table 1); for incubation, 12 days for each spe-
cies (Table 1); for the nestling period, 25, 26, and 27 days for
the Northern Flicker (Wiebe and Moore 2008), White-headed
Woodpecker (Garrett et al. 1996), and Hairy Woodpecker
(Jackson et al. 2002), respectively. This resulted in a 42-, 43-,
and 44-day nesting period for the White-headed Woodpecker,
Hairy Woodpecker, and Northern Flicker, respectively. Using
a logit-link function, we fit nest-survival models with PROC
GENMOD (SAS/STAT version 9.1, SDS Institute, Cary, NC).

We examined the fit of the global model (the model with
all covariates included in the analysis) by the goodness-of-fit
test of Hosmer and Lemeshow (2000). We identified models
with the most support by using Akaike’s information criterion
adjusted for small sample sizes (AIC_; Burnham and Ander-
son 2002). We computed Akaike weights (w;) for each model,
where w; represents the weight of evidence for a specific model
being the best approximating model of those in the candidate

set (Burnham and Anderson 2002). We calculated effective
sample size (n) as the number of days that nests were known to
survive plus the number of intervals in which a failure occurred
(Rotella et al. 2004). We examined confidence intervals for pa-
rameter estimates and graphed fitted values as a function of the
independent covariates (Hosmer and Lemeshow 2000).

As suggested by an anonymous reviewer, we calculated
the source/sink status of the three species in the habitats that
we sampled. This calculation required an estimate of the mean
number of female fledglings per female per year (FFFY)
needed to offset mortality. We used estimates of adults’ and
juveniles’ survival to determine mortality (Tozer et al. 2011).
We obtained survival of adult Northern Flickers (0.43) by av-
eraging rates of survival of male and female flickers (Fisher
and Wiebe 2006b) and that of adult Hairy Woodpeckers in the
Northwest (0.61) from the Monitoring Avian Productivity and
Survivorship program (Michel et al. 2006). We could find no
published rates of survival of adults or juveniles of the White-
headed Woodpecker. Instead, we used the lowest (0.26),
the highest (0.93), and then the average rates of survival of
Picoides woodpeckers (0.64) (Wiebe 2006) to estimate the
lowest, highest, and average FFFY needed to offset mortality.
We assumed that juvenilesurvivorship is 50% of adult survi-
vorship and so divided adult survival rates in half to obtain ju-
venile survival rates for each species (e.g., Nappi and Drapeau
2009). We then calculated FFFY as (1 — adult survivorship)/
juvenile survivorship (Donovan et al. 1995). We calculated
annual productivity (the number of female fledglings per
adult female) by dividing the number of fledglings per suc-
cessful nest by two (assuming an equal sex ratio of nestlings;
Saab and Vierling 2001) and then multiplying by the period-
survival rate (Tozer et al. 2011). We considered the population
to be a potential demographic source if annual productivity
was greater than FFFY and a potential sink if annual produc-
tivity was less than FFFY (Saab and Vierling 2001).

Because of small sample sizes in some years, we com-
bined nests across years to summarize demographic data
(Barber et al. 2001). We used SYSTAT version 8.0 (SPSS,
Chicago) to calculate descriptive statistics including mean
and 95% CI. Results in the text are presented as mean + SE
unless otherwise noted.

RESULTS

We monitored 67 White-headed Woodpecker, 69 Hairy
Woodpecker, and 100 Northern Flicker nest attempts. We had
data sufficient to analyze the survival of 55 White-headed
Woodpecker (35 in unburned and 20 in burned), 54 Hairy
Woodpecker (17 in unburned and 37 in burned), and 88 North-
ern Flicker (43 in unburned and 45 in burned) nests (effective
sample size = 1577, 1342, and 2680, respectively). Of these
197 nests, 52%, 23%, and 25% were found during the egg-
laying, incubation, and nestling stages, respectively. The mean
interval between nest visits was 5.9 £ 0.1 days (n = 1003). The
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TABLE 1. Mean incubation period, clutch size, number of young fledged per successful nest, number of unhatched eggs, number of young
that died prior to fledging, and nest-initiation (Julian) date for the White-headed Woodpecker, Hairy Woodpecker and Northern Flicker in
managed ponderosa pine forests, eastern Cascade Range, Washington, 2005-2010.
White-headed Woodpecker Hairy Woodpecker Northern Flicker

n* Mean  Range CcI® n  Mean  Range CI n  Mean  Range Cl
Incubation period 17 12.3 11-14 11.9,12.7 9 12.4 11-13 119,13.0 14 12.2 11-13  11.9,12.5
Clutch size 51 39 2-5 3.64,4.08 55 3.8 3-5 3.64,396 82 7.0 4-12 6.76,7.31
No. young fledged 47 2.6 -4 241,286 40 2.9 —4 2.65,320 58 6.1 2-9 5.75,6.39
No. unhatched eggs 41 0.6 0-2 0.40,0.82 50 0.4 0-2 0.26,0.61 48 0.5 0-3 0.25,0.67
No. young died® 42 0.6 0-2 0.35,0.75 33 0.2 0-2 0.06,0.42 41 0.5 0-5 0.20,0.82
Nest-initiation date! 63 148 132-175 145, 150 61 125 105-153 122,127 95 137 121-164 135,139

aNumber of nests.
v4+95% confidence interval.

“Number of young assumed to have died from starvation or partial nest predation prior to fledging.

dDate the first egg was laid.

global model of nest survival provided an adequate fit for the
Hairy Woodpecker (x*=8.78, df =8, P=0.36), White-headed
Woodpecker (x* = 6.0, df =8, P =0.64), and Northern Flicker
(x> =6.87,df =8, P=0.65).

The best models from the first stage of the logistic-
exposure analysis included quadratic effects of date (w, = 0.70),
a constant time trend (w, = 0.45), and a linear effect of date
(w, = 0.57) for the Hairy Woodpecker, White-headed Wood-
pecker, and Northern Flicker, respectively. The most supported

TABLE 2.

model for the Hairy in the second stage of the analysis included
an effect of habitat type (Table 2). Daily survival rates were
higher in unburned stands than in burned stands (Fig. 2). For
the White-headed, the most supported model included a nega-
tive association with shrub cover (Tables 2 and 3, Fig. 3). The
most supported model for the flicker included an effect of habi-
tat type, a negative linear association with the number of snags,
and a positive linear association with the number of live trees
(Tables 2 and 3). Daily survival rates were lower in unburned

Best-ranked nest-survival models (cumulative weight >0.90) for the Hairy Woodpecker,

White-headed Woodpecker, and Northern Flicker in managed ponderosa pine forests, eastern Cascade Range,

Washington, 2005-2010.

Species Model Log(L) K AAIC, w,
Hairy Woodpecker® Habitat type 107.6 4 0.00 0.21
Base 109.9 3 0.29 0.19
Dbh 108.2 4 0.60 0.16
Snags 109.2 4 1.57 0.10
Shrub cover 109.2 4 1.63 0.09
Canopy cover 109.4 4 1.74 0.09
White-headed Woodpecker®
Shrub cover 113.7 2 0.00 0.27
Base 116.5 1 0.75 0.18
Snags 114.7 2 0.97 0.17
Number of live trees 116.0 2 2.23 0.09
Cavity height 116.1 2 2.38 0.08
Habitat type 116.4 2 2.68 0.07
Dbh 116.5 2 2.73 0.07
Northern Flicker®
Snags + Number of live trees 176.7 5 0.00 0.58
Number of live trees 180.8 4 2.09 0.21
Global 170.9 9 2.27 0.19
Snags 186.8 4 8.11 0.01

The base model includes only a quadratic effect of date.
habitat covariates. Lowest AIC_= 115.6.

All other models include the base model in addition to

"The base model includes a constant effect (intercept only). Lowest AIC, = 117.7.
°All models include a linear effect of date in addition to the habitat-type covariate. Lowest AIC, = 186.7.
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TABLE 3.

Parameter estimates for the best models of daily nest survival for the Hairy Woodpecker,

White-headed Woodpecker, and Northern Flicker in managed ponderosa pine forests, eastern Cascade
Range, Washington, 2005-2010.

Species Parameter Estimate 95% confidence interval
Hairy Woodpecker Unburned?® —44.62 —85.30,-3.93
Burned —45.47 -86.42,-4.52
Date 0.70 0.15,1.24
Date? —-0.002 —-0.0042,-0.0006
White-headed Woodpecker Intercept 4.77 4.22,5.31
Shrub cover —0.44 -0.94, 0.05
Northern Flicker Unburned® 10.67 5.77,15.56
Burned 12.04 7.01, 17.06
Number of snags —0.47 —0.87,-0.08
Number of live trees 1.025 0.23,1.82

aSeparate intercepts were fit for unburned and burned stands.

stands than in burned stands (Fig. 4). The PSRs for White-
headed Woodpecker nests were 0.79 (95% CI: 0.59, 0.90), 0.66
(95% CI: 0.50, 0.78), and 0.48 (95% CI: 0.18, 0.73) for 0%, 25%,
and 50% shrub cover, respectively. The overall PSR (constant +
shrub cover) for the White-headed Woodpecker was 0.70 (95%
CI: 0.55, 0.82). Hairy Woodpecker and Northern Flicker nests
initiated earlier in the season had survival rates higher than
nests initiated later in the season, regardless of habitat type.
The PSRs of early- (initiated on 29 April) and late-season (ini-
tiated on 14 May) Hairy Woodpecker nests in unburned stands
were 0.62 (95% CI: 0.30, 0.85) and 0.44 (95% CI: 0.19, 0.68); in

Unburned ===295% CI

burned stands, PSRs were 0.56 (95% CI: 0.20, 0.79) and 0.34
(95% CI: 0.09, 0.63). The overall PSR (date? + habitat type)
for the Hairy Woodpecker (nests initiated on 12 May, the av-
erage starting date) was 0.51 (95% CI: 0.26, 0.71) in unburned
stands and 0.41 (95% CI: 0.15, 0.66) in burned stands. We es-
timated PSRs for the Northern Flicker by holding the number
of snags and live trees at their average values of 0.80 and 1.6,
respectively. The PSRs for early- (initiated on 29 April) and
late-season (initiated on 29 May) Northern Flicker nests in un-
burned stands were 0.71 (95% CI: 0.47, 0.86) and 0.34 (95% CI:
0.10, 0.60); in burned stands, PSRs were 0.92 (95% CI: 0.79,

Burmmed —-- 95%CI

Daily survival rate (95% CI)

Date

FIGURE 2. Daily survival rates and 95% CI for Hairy Woodpecker nests, estimated from a model with quadratic date and habitat-type

effects, eastern Cascade Range, Washington, 2005-2010.
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FIGURE 3. Daily survival rates and 95% CI for White-headed
Woodpecker nests, estimated from a model with shrub-cover effect,
eastern Cascade Range, Washington, 2005-2010.

0.97) and 0.76 (95% CI: 0.50, 0.89). The overall PSR (date +
habitat type) for the Northern Flicker (nests initiated on 24
May, the average starting date) was 0.41 (95% CI: 0.17, 0.64)
in unburned stands and 0.80 (95% CI: 0.58, 0.91) in burned
stands. Based on the approximations that we used for mortal-
ity (Fig. 5), the Hairy Woodpecker’s annual productivity was
not high enough to compensate for adult and juvenile mortality.
The White-headed Woodpecker’s annual productivity was high
enough to compensate for adult and juvenile mortality only if
adults’ survival rate was 0.93 (i.e., lowest FFFY). The Northern
Flicker’s annual productivity was sufficient to compensate for
mortality, but only in burned stands (Fig. 5).

Estimates of demographic variables were most similar for the
Hairy and White-headed Woodpeckers (Table 1). None of the de-
mographic variables differed by habitat type for either of these
species, which is why we pooled these variables and do not present
them separately. Northern Flickers laid larger clutches (Table 1)
than either Hairy or White-headed Woodpeckers and so fledged
more young per successful nest (Table 1). Clutch sizes of the Hairy
and White-headed Woodpeckers were nearly identical (Table 1).
The number of unhatched eggs and the number of young dying
prior to fledging were similar for all three species (Table 1). The
three species’ mean nest-initiation date differed (Table 1), with
Hairy Woodpeckers nesting earliest (mean nest-initiation date 5
May) and White-headed Woodpeckers nesting the latest (mean
nest-initiation date 28 May). Predation accounted for 68% (n =
52) of all nest failures with nest usurpation by other cavity-nest-
ing birds being responsible for 12% (n = 9) of failures (Table 4).
Egg success was 58% for the Northern Flicker, 57% for the Hairy
Woodpecker, and 50% for the White-headed Woodpecker.

DISCUSSION

In order to conserve populations of cavity-nesting birds, par-
ticularly keystone species such as woodpeckers, managers
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FIGURE 4. Daily survival rates and 95% CI for Northern Flicker
nests estimated from a model containing a linear effect of date, num-
ber of snags, and number of live trees and habitat type, eastern Cas-
cade Range, Washington, 2005-2010. Number of snags and live
trees were held at their average values (0.80 snags 0.04 ha™! and 1.6
trees 0.04 ha™).

require information about factors associated with nest sur-
vival. With few exceptions, we found little support for an as-
sociation between woodpeckers’ nest survival and the habitat
variables that we measured. Instead, temporal covariates and
habitat type explained most of the variation we found. Our
ability to estimate the populations’ status as a source or sink
was limited because we were unable to measure adults’ and
juveniles’ survivorship. Therefore, our estimates of source—
sink status have a substantial degree of uncertainty associated
with them. We suggest that further studies investigate mortal-
ity of adults and juveniles of these three species within burned
and unburned managed ponderosa pine forests so these pop-
ulations’ status as sources or sinks can be estimated more
accurately.

WHITE-HEADED WOODPECKER

The White-headed Woodpecker’s nest survival was nega-
tively associated with shrub cover. We attributed 83% of its
nest failures to predation. We observed the yellow pine chip-
munk (Tamias amoenus), Douglas's squirrel (Tamiasciurus
douglasii), and golden-mantled ground squirrel (Spermophilus
lateralis) in or near nest cavities and think that these species ac-
counted for most cases of predation. These species or genera are
known to feed on eggs and small nestlings (Reitsma et al. 1990,
Craig 1998) and, with the exception of the Douglas squirrel, are
primarily terrestrial. As shrub cover around nest sites increases,
populations of some small mammals such as the yellow pine
chipmunk increase (Smith and Maguire 2004), and the ability
of adult woodpeckers to detect ground-traveling predators as
they approach the nest snag may decrease, resulting in higher
nest-predation rates. White-headed Woodpeckers excavate
cavities close to the ground (3.9 + 0.3 m, n = 76; JMK unpubl.
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FIGURE 5. Number of female fledglings per female per year (FFFY) for the White-headed Woodpecker, Hairy Woodpecker, and North-

ern Flicker, eastern Cascade Range, Washington, 2005-2010. The upper and lower vertical lines represent the 95% confidence interval. The
solid dot represents the mean FFFY. Horizontal dashed lines (— ———) show the lowest and mean estimates of the number of female White-
headed Woodpecker nestlings required to offset mortality. We did not plot the highest estimate of FFFY. Horizontal line of alternating dots
and dashes (- » —« — ) is the number of female Hairy Woodpecker nestlings required to offset mortality. Horizontal dotted line (sss++++°) is the
number of female Northern Flicker nestlings required to offset mortality.

data), so the early detection of predators may be critical to nest
defense, particularly if predators are more visible at nest sites
surrounded by less understory vegetation (Belles-Isles and Pic-
man 1986, Finch 1989).

Our estimated PSR for the White-headed Woodpecker
(0.70) is within the range reported for this species in Oregon
and Idaho, suggesting that these managed ponderosa pine
stands can provide breeding habitat for this species. For ex-
ample, Wightman et al. (2010) reported a PSR of 0.76 for the
White-headed Woodpecker in burned ponderosa pine for-
ests in Oregon. In burned forests of Idaho, Saab and Dudley
(1998) reported a PSR of 1.00 for the White-headed Wood-
pecker, but this was based on a sample of only six nests. In
contrast, Hollenbeck et al. (2011) found that White-headed
Woodpeckers in unburned forests of central Oregon had a nest
success of 0.39. Despite the nest survival we observed being
comparable to or higher than that reported in other areas, the
results of our source—sink analysis suggest that these man-
aged stands may be functioning as sinks.

The mean nest-initiation dates of the White-headed and
Hairy Woodpeckers were the most dissimilar. Hairy Wood-
peckers can excavate into the cambium layer to prey on insects
and their larvae (Jackson et al. 2002) and may nest earlier than

White-headed Woodpeckers, which primarily glean the sur-
face of bark and foliage for insects (Raphael and White 1984,
Garrett et al. 1996), because they are able to exploit insect
prey that is less affected by cooler temperatures of an early
nesting season. Indeed, 39% of prey brought back to nestlings
by adult Hairy Woodpeckers was wood-boring larvae of the
Cerambycidae and Buprestidae, in contrast to only 25% of
prey brought to nestlings by adult White-headed Woodpeck-
ers (JMK, unpubl. data). Insects consumed by White-headed
Woodpeckers, such as ants, beetles, and lepidopteran larvae,
likely become more active and abundant as ambient temper-
atures increase (Elchuk and Wiebe 2003, Rossmanith et al.
2007, Gaylord et al. 2008).

HAIRY WOODPECKER

The Hairy Woodpecker’s nest survival was associated with a
quadratic effect of date and habitat type. Nests initiated ear-
lier in the nesting season were more successful than those
initiated later in the season, a common trend among cavity-
nesting birds (Verhulst et al. 1995, Pechacek 2006, Bonnot
et al. 2008). Hairy Woodpeckers that initiated nests later in
the nesting season may have been young birds experiencing
delays in nest initiation because of their inexperience with
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TABLE4. Causes of failure of Hairy Woodpecker, White-headed Woodpecker, and Northern Flicker
nests in managed ponderosa pine forests, eastern Cascade Range, Washington, 2005-2010.

White-headed

Hairy Woodpecker Woodpecker Northern Flicker

Burned  Unburned Burned Unburned Burned Unburned Total
Predation? 6 1 6 6 7 7 33
Small mammal 1 0 0 2 5 2 10
Usurpation® 6 0 0 1 2 0 9
Unknown cause 1 3 1 0 1 3 9
Black bear 0 0 0 0 1 4 5
Corvid 0 1 0 0 0 2 3
Eggs not hatch 0 0 0 1 2 0 3
Weather 1 1 0 0 0 0 2
Ants (Formicidae) 0 0 0 0 0 1 1
Total 15 6 7 10 18 19 75
aPredator unknown.

"Usurped by Lewis’s Woodpecker (Melanerpes lewis; n=4), European Starling (Sturnus vulgaris; n=13),

and Western Bluebird (Sialia mexicana; n=1).

cavity-site selection and excavation. For example, Wiktander
et al. (2001) found that the breeding performance of Lesser
Spotted Woodpeckers (Dendrocopos minor) improved with
age and that younger birds initiated egg laying later than older
birds, and Pechacek (2006) observed that older Three-toed
Woodpeckers (P. tridactylus) nested earlier and were more
successful.

Hairy Woodpeckers experienced higher nest survival in
unburned stands than in burned stands. We predicted that
nest survival should be higher in burned stands because
populations of nest predators can be lower after forest fires,
resulting in higher nest success in burned forests (Saab and
Vierling 2001, Saab et al. 2004). For example, the daily sur-
vival rates of Western Bluebirds nesting in our study area
were higher in burned stands (Kozma and Kroll 2010). How-
ever, salvage logging occurred in the burned stands we stud-
ied, which may have contributed to the Hairy Woodpecker’s
lower nest survival. We found that European Starlings and
Lewis’s Woodpeckers usurped Hairy Woodpecker nests only
in burned areas, with seven nest losses attributed to these
two species. Lewis’s Woodpeckers occur at higher densities
and nest more frequently in burned forests that have been
logged (Saab and Dudley 1998, Saab et al. 2009). Starlings
may be attracted to logged burns because of the presence of
snags with cavities for nesting and increased opportunities
for foraging offered by the openness of logged areas. Simi-
larly, Saab et al. (2007b) found the Hairy Woodpecker’s nest
survival significantly higher in unlogged burned stands than
in burned areas that were partially logged. While the Hairy
Woodpecker’s nest survival is higher in unburned stands,
its nest-survival rates in both habitats we studied are lower
than those reported for the Hairy Woodpecker and 20 other

woodpecker species (Paclik et al. 2009). In addition, annual
productivity was lower than FFFY in both habitats, suggest-
ing that these habitats may be sinks and that these managed
ponderosa pine stands may not provide adequate breeding
habitat for Hairy Woodpeckers.

NORTHERN FLICKER

The Northern Flicker’s nest survival was associated with a
linear effect of date, an effect of habitat type, a negative linear
association with the number of snags, and a positive linear
association with the number of live trees. As with the Hairy
Woodpecker, earlier nests initiated by Northern Flickers had
higher survival than nests initiated later in the season. Fisher
and Wiebe (2006a) also found that Northern Flicker nests
initiated earlier in the season had a greater probability of suc-
cess than did nests initiated later. They suggested that nest-
lings that hatched later in the breeding season may have had
lower reproductive value, thus resulting in higher rates of nest
abandonment or reduced parental care. Alternatively, North-
ern Flickers that initiate the earliest nests could be females
that are older (i.e., more experienced) and in better body con-
dition (Wiebe and Gerstmar 2010). Older females may select
the best nest sites and be more effective at warding off nest
predators, resulting in higher nest survival.

Northern Flickers experienced higher nest survival
in burned stands than in stands that were unburned. We
think that the difference between these two habitat types
is accounted for by the proportion of nests that failed and
a difference in nest predators. In unburned stands, 37% of
nests were depredated, compared to 30% in burned stands.
Black bears (Ursus americanus) accounted for failures
of four Northern Flicker nests in unburned stands but of
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only one in burned stands. In addition, Common Ravens
(Corvus corax) depredated two flicker nests in unburned
habitats and none in burned stands. It is unclear why nest
survival was negatively associated with the number of
snags and positively associated with the number of live
trees. The large opening of flicker cavities may be more
visible to predators in open areas of high snag density than
in areas containing more live trees.

Survival of Northern Flicker nests in the burned stands we
studied was comparable to that reported by other studies. In
burned forests of southwestern Idaho, Saab and Dudley (1998),
using the Mayfield method, recorded an overall nesting success
for flickers of 70%. Vierling et al. (2008) recorded nest success
ranging from 50% in a low-severity burn to 100% in a high-
severity burn. In addition to high nest survival in the burned
forests we studied, annual productivity was sufficient to com-
pensate for FFFY, suggesting that this habitat may be function-
ing as a demographic source. Although we could find no studies
that investigated the flicker’s nest survival in unburned conifer
forests of the western U.S., our observed nest survival of 41%
is lower than the 100% Li and Martin (1991) reported for the
flicker in aspen stands of central Arizona and is lower than that
reported for most woodpecker species (Paclik et al. 2009). An-
nual productivity was also lower than FFFY, suggesting that
unburned forests in our study are acting as sinks.

CONSERVATION IMPLICATIONS

The managed ponderosa pine forests we studied retained con-
ditions that supported high nest-survival rates for the White-
headed Woodpecker. Managed ponderosa pine stands are not
considered important habitat for this species because they
often do not contain a significant “old-growth” component (our
stands were also missing this component; Kozma 2011). Our
results demonstrated that shrub cover affects White-headed
Woodpecker nest survival negatively, and we recommend that
land managers incorporate prescribed fire, to reduce shrub
cover, into management scenarios that are designed to improve
or create breeding habitat for this species. Estimates of home-
range size, fledgling survival, and overwinter survival of adults
are needed to further evaluate the importance of these managed
stands to White-headed Woodpecker ecology.

Hairy Woodpeckers experienced low nest survival in
burned and unburned managed ponderosa pine stands, and
Northern Flickers experienced low nest survival in unburned
managed stands, suggesting that these areas are not optimal as
breeding habitat. Unfortunately, published studies from other
areas of the eastern Cascade Range are not available for com-
parison. Future research in the Northwest should investigate
nest survival of the Hairy Woodpecker and Northern Flicker
in managed and unmanaged landscapes dominated by pon-
derosa pine to determine if our findings reflect a local or more
widespread pattern.

The early portion of the Hairy Woodpecker’s and
Northern Flicker’s nesting seasons, when most nests were

initiated, was more favorable than the latter portion. Forest-
management disturbances that cause a delay in nest initiation
or loss of early-season nests could reduce nest survival and
reproductive output and negatively affect local populations
of these two species. We recommend that future research on
the effects of logging disturbance on nesting woodpeckers be
designed with investigation before and after the disturbance
with reference to undisturbed control areas.

ACKNOWLEDGMENTS

We thank S. Pinkham, T. Strelow, and J. Blodgett for their assistance
with monitoring nests and vegetation sampling during 2007, 2008,
and 2010. The Washington Department of Natural Resources, West-
ern Pacific Timber Company, R. Matson, and C. Coffin provided
access to their land. Funding was provided by the Bureau of Indian
Affairs. Thanks also to K. Mellen-McLean, J. Matthews, T. Shaffer,
and two anonymous reviewers for helpful comments on earlier ver-
sions of the manuscript.

LITERATURE CITED

AGEE, J. K. 1996. Achieving conservation biology objectives with
fire in the Pacific Northwest. Weed Technology 10:417-421.

AITKEN, K. E. H., AND K. MARTIN. 2007. The importance of exca-
vators in hole-nesting communities: availability and use of
natural tree holes in old mixed forests of western Canada. Jour-
nal of Ornithology 148:425-434.

BARBER, D. R., T. E. MARTIN, M. A. MELCHIORS, R. E. THILL, AND
T. B. WIGLEY. 2001. Nesting success of birds in different silvicul-
tural treatments in southeastern U.S. pine forests. Conservation
Biology 15:196-207.

BELLES-ISLES, J., AND J. PICMAN. 1986. Nesting losses and nest site
preferences in House Wrens. Condor 88:483—486.

BLENDINGER, P. G. 1999. Facilitation of sap-feeding by birds by the
White-fronted Woodpecker in the Monte Desert, Argentina.
Condor 101:402—-407.

BonnoT, T. W., M. A. RUMBLE, AND J. J. MILLSPAUGH. 2008. Nest
success of Black-backed Woodpeckers in forests with mountain
pine beetle outbreaks in the Black Hills, South Dakota. Condor
110:450-457.

BRISKIE, J. V., P. R. MARTIN, AND T. E. MARTIN. 1999. Nest predation
and the evolution of nestling begging calls. Proceedings of the
Royal Society B 266:2153-2159.

BucHANAN, J. B., R. E. ROGERS, D. J. PIERCE, AND J. E. JACOBSON.
2003. Nest-site habitat use by White-headed Woodpeckers in the
eastern Cascade Mountains, Washington. Northwestern Natural-
ist 84:119-128.

BurNHAM, K. P, AND D. R. ANDERSON. 2002. Model selection
and multimodal inference: a practical information—theoretic
approach. 2nd ed. Springer-Verlag, New York.

CRAIG, D. P. 1998. Chipmunks use leverage to eat oversized eggs:
support for the use of quail eggs in artificial nest studies. Auk
115:486-489.

DixoN, R.D. 1995. Ecology of White-headed Woodpeckers in the
central Oregon Cascades. M.Sc. thesis, University of Idaho,
Moscow, ID.

DonNovaNn, T. M., F. R. THOMPSON, J. FAABORG, AND P. R. PROBST.
1995. Reproductive success of migratory birds in habitat sources
and sinks. Conservation Biology 9:1380—-1395.

DREVER, M. C., K. E. H. AITKEN, A. R. NORRIS, AND K. MARTIN.
2008. Woodpeckers as reliable indicators of bird richness, forest
health and harvest. Biological Conservation 141:624—-634.



WOODPECKER NEST SURVIVAL IN WASHINGTON

Easton, W. E., AND K. MARTIN. 2002. Effects of thinning and her-
bicide treatments on nest-site selection by songbirds in young
managed forests. Auk 119:685-694.

ELcHuk, C. L., AND K. L. WIEBE. 2003. Ephemeral food resources
and high conspecific densities as factors explaining lack of feed-
ing territories in Northern Flickers (Colaptes auratus). Auk
120:187-193.

EVERETT, R. L., R. SCHELLHAAS, R. D. KEENUM, D. SPURBECK, AND
P. OnLsoN. 2000. Fire history in the ponderosa pine/Douglas-
fir forests on the east slope of the Washington Cascades. Forest
Ecology and Management 129:207-225.

FARNSWORTH, G. L., AND T. R. SIMONS. 1999. Factors affecting nest
success of Wood Thrushes in Great Smoky Mountains National
Park. Auk 116:1075-1082.

Farris, K. L., M. J. Huss, AND S. Zack. 2004. The role of forag-
ing woodpeckers in the decomposition of ponderosa pine snags.
Condor 106:50-59.

FayT, P., M. M. MACHMER, AND C. STEEGER. 2005. Regulation of
spruce bark beetles by woodpeckers—a literature review. Forest
Ecology and Management 206:1-14.

Finch, D. M. 1989. Relationships of surrounding riparian habitat to
nest-box use and reproductive outcome in House Wrens. Condor
91:848-859.

FisHER, R .J., AND K. L. WIEBE. 2006a. Nest site attributes and tem-
poral patterns of Northern Flicker nest loss: effects of predation
and competition. Oecologia 147:744-753.

FisHEr, R. J., aND K. L. WIEBE. 2006b. Effects of sex and age on
survival of Northern Flickers: a six year field study. Condor
108:193-200.

GAINES, W. L., M. HAGGARD, J. F. LEHMKUHL, A. L. LYONS, AND
R. J. HARROD. 2007. Short-term response of land birds to ponder-
osa pine restoration. Restoration Ecology 15:670—678.

GARRETT, K. L., M. G. RAPHAEL, AND R. D. DixoN. 1996. White-
headed Woodpecker (Picoides albolarvatus), no. 252. In A.
Poole and F. Gill [EDs.], The birds of North America. Academy of
Natural Sciences, Philadelphia.

GAYLORD, M. L., K. K. WiLLIAMS, R. W. HOFSTETTER, J. D. MCMIL-
LIN, T. E. DEGOMEZ, AND M. R. WAGNER. 2008. Influence of
temperature on spring flight initiation for southwestern ponder-
osa pine bark beetles (Coleoptera: Curculionidae, Scolytinae).
Environmental Entomology 37:57—69.

GENTRY, D. J., AND K. T. VIERLING. 2008. Reuse of woodpecker cavi-
ties in the breeding and non-breeding seasons in old burn habitats
in the Black Hills, South Dakota. American Midland Naturalist
160:413-429.

GRANT, T. A., T. L. SHAFFER, E. M. MADDEN, AND P. J. P1ETZ. 2005.
Time-specific variation in passerine nest survival: new insights
into old questions. Auk 122:661-672.

HaRrroD, R. J., B. H. MCRAE, AND W. E. HARTL. 1999. Historical stand
reconstruction in ponderosa pine forests to guide silvicultural pre-
scriptions. Forest Ecology and Management 114:433-446.

HARROD, R. J., R. J. POvAK, AND D. W. PETERSON. 2007. Comparing
the effectiveness of thinning and prescribed fire for modifying
structure in dry coniferous forests, p. 329-346. /n B. W. But-
ler and W. Cook [comps.], The fire environment—innovations,
management, and policy; conference proceedings, Destin, FL.
USDA Forest Service, RMRS-P-46CD.

HESSBURG, P. F., AND J. K. AGEE. 2003. An environmental narra-
tive of inland northwest United States forests, 1800—-2000. Forest
Ecology and Management 178:23-59.

HESSBURG, P. F., J. K. AGEE, AND J. F. FRANKLIN. 2005. Dry forests
and wildland fires of the inland northwest USA: contrasting the
landscape ecology of the pre-settlement and modern eras. Forest
Ecology and Management 211:117-139.

183

HOLLENBECK, J. P, V. A. SAAB, AND R. W. FRENZEL. 2011. Habitat
suitability and nest survival of White-headed Woodpeckers in
unburned forests of central Oregon. Journal of Wildlife Manage-
ment 75:1061-1071.

HosMER, D. W. Jr., AND S. LEMESHOW. 2000. Applied logistic regres-
sion. Wiley, New York.

JACKSON, J. A., H. R. OUELLET, AND B. J. S. JACKSON. 2002. Hairy
Woodpecker (Picoides villosus), no. 702. In A. Poole and F. Gill
[EDs.], The birds of North America. Birds of North America,
Inc., Philadelphia.

JaMES, F. C., AND H. H. SHUGART JR. 1970. A quantitative method of
habitat description. Audubon Field Notes 24:727-736.

JounsoNn, R. R., B. T. BRowN, L. T. HAIGHT, AND J. M. SiMPSON. 1981.
Playback recordings as a special avian censusing technique.
Studies in Avian Biology 6:68-75.

KEELING, E. G., A. SaLa, AND T. H. DELucA. 2006. Effects of fire
exclusion on forest structure and composition in unlogged
ponderosa pine/Douglas-fir forests. Forest Ecology and Manage-
ment 237:418—428.

Kozma, J. M. 2011. Composition of forest stands used by White-
headed Woodpeckers for nesting in Washington. Western North
American Naturalist 71:1-9.

Kozma, J. M., AND A. J. KrRoLL. 2010. Nest survival of Western Blue-
birds using tree cavities in managed ponderosa pine forests of
central Washington. Condor 112:87-95.

KRANNITZ, P. G., AND T. E. DURALIA. 2004. Cone and seed produc-
tion in Pinus ponderosa: a review. Western North American Nat-
uralist 64:208-218.

L1, P, AND T. E. MARTIN. 1991. Nest-site selection and nesting suc-
cess of cavity-nesting birds in high elevation forest drainages.
Auk 108:405-418.

LINDSTRAND, L. III, AND M. HuMES. 2009. White-headed Wood-
pecker occurrences in Sun Pass State Forest, south-central
Oregon. Northwestern Naturalist 90:212-216.

MaHON, C. L., AND K. MARTIN. 2006. Nest survival of chickadees in
managed forests: habitat, predator, and year effects. Journal of
Wildlife Management 70:1257-1265.

MARTIN, T. E., AND J. J. ROPER. 1988. Nest predation and nest-site
selection of a western population of the Hermit Thrush. Condor
90:51-57.

MazGaiskl, T., AND L. REIT. 2006. The effect of forest patch size on
the breeding biology of the Great Spotted Woodpecker Dendro-
copos major. Annales Zoologici Fennici 43:211-220.

MicHEL, N., D. F. DESANTE, D. R. KASCHUBE, AND M. P. NOTT
[ONLINE]. 2006. The Monitoring Avian Productivity and Sur-
vivorship (MAPS) program annual reports, 1989-2003. NBII/
MAPS Avian Demographics Query Interface. <http:/www.
birdpop.org/nbii/NBIIHome.asp> (28 September 2011).

MIKUSINSKI, G., M. GROMADZKI, AND P. CHYLARECKI. 2001. Wood-
peckers as indicators of forest bird diversity. Conservation
Biology 15:208-217.

MURRAY, B. G. Jr. 2000. Measuring annual reproductive success in
birds. Condor 102:470—473.

Narprpl, A., AND P. DRAPEAU. 2009. Reproductive success of the Black-
backed Woodpecker (Picoides arcticus) in burned boreal forests:
are burns source habitats? Biological Conservation 142:1381-1391.

PacLik, M., J. Misik, AND K. WEIDINGER. 2009. Nest predation and
nest defence in European and North American woodpeckers: a
review. Annales Zoologici Fennici 46:361-379.

PECHACEK, P. 2006. Breeding performance, natal dispersal, and nest
site fidelity of the Three-toed Woodpecker in the German Alps.
Annales Zoologici Fennici 43:165-176.

RANGEN, S. A., R. G. CLARK, AND K. A. HOBSON. 1999. Influence
of nest-site vegetation and predator community on the success


http://www.birdpop.org/nbii/NBIIHome.asp
http://www.birdpop.org/nbii/NBIIHome.asp

184 JEFFREY M. KOZMA aAND ANDREW J. KROLL

of artificial songbird nests. Canadian Journal of Zoology 77:
1676—1681.

RAPHAEL, M. G., AND M. WHITE. 1984. Use of snags by cavity-nest-
ing birds in the Sierra Nevada. Wildlife Monographs 86:1-66.
REITsmA, L. R., R. T. HOLMES, AND T. W. SHERRY. 1990. Effects of
removal of red squirrels, Tamiasciurus hudsonicus, and eastern
chipmunks, Tamias striatus, on nest predation in a northern hard-

wood forest: an artificial nest experiment. Oikos 57:375-380.

RipPER, D., J. C. BEDNARZ, AND D. E. VARLAND. 2007. Landscape
use by Hairy Woodpeckers in managed forests of northwestern
Washington. Journal of Wildlife Management 71:2612-2623.

RoBLEs, H., C. CiupaD, R. VERA, P. P. OLEA, AND E. MATTHYSEN.
2008. Demographic responses of Middle Spotted Woodpeckers
(Dendrocopos medius) to habitat fragmentation. Auk 125:131-139.

RossmaNITH, E., K. HONTSCH, N. BLAUM, AND F. JELTSCH. 2007.
Reproductive success and nestling diet in the Lesser Spotted
Woodpecker (Picoides minor): the early bird gets the caterpillar.
Journal of Ornithology 148:323-332.

ROTELLA, J. J., S. J. DINSMORE, AND J. A. SHAFFER. 2004. Modeling
nest-survival data: a comparison of recently developed methods
that can be implemented in MARK and SAS. Animal Biodiver-
sity and Conservation 27:187-205.

SaAB, V. A., W. BLock, R. RUSSELL, J. LEHMKUHL, L. BATE, AND
R. WHITE. 2007a. Birds and burns of the interior West: descrip-
tions, habitats, and management in western forests. USDA Forest
Service General Technical Report PNW-GTR-712.

SAAB, V. A, AND J. G. DUDLEY. 1998. Responses of cavity-nesting
birds to stand replacement fire and salvage logging in ponder-
osa pine/Douglas-fir forests of southwestern Idaho. USDA Forest
Service Research Paper RMRS-RP-11.

SaaB, V. A., J. DUDLEY, AND W. L. THOMPSON. 2004. Factors influ-
encing occupancy of nest cavities in recently burned forests.
Condor 106:20-36.

SaaB, V. A.,R. E. RUSSELL, AND J. G. DUDLEY. 2007b. Nest densities
of cavity-nesting birds in relation to postfire salvage logging and
time since wildfire. Condor 109:97-108.

SaaB, V. A., R. E. RUSSELL, AND J. G. DUDLEY. 2009. Nest-site
selection by cavity-nesting birds in relation to postfire salvage
logging. Forest Ecology and Management 257:151-159.

SaaB, V. A., AND K. T. VIERLING. 2001. Reproductive success of
Lewis’s Woodpecker in burned pine and cottonwood riparian
forests. Condor 103:491-501.

SHAFFER, T. L. 2004. A unified approach to analyzing nest success.
Auk 121:526-540.

SHAFFER, T. L., AND F. R. THOMPSON III. 2007. Making meaningful
estimates of nest survival with model-based methods. Studies in
Avian Biology 34:84-95.

SmiTH, T. G., AND C. C. MAGUIRE. 2004. Small-mammal relation-
ships with down wood and antelope bitterbrush in ponderosa
pine forests of central Oregon. Forest Science 50:711-728.

Tozer, D. C., E. NoL, AND D. M. BURKE. 2011. Quality of mature
aspen and maple forests for breeding Yellow-bellied Sapsuck-
ers (Sphyrapicus varius). Canadian Journal of Zoology 89:
148-160.

Tozer, D. C., E. NoL, D. M. BURKE, K. A. ELLIOTT, AND K. J. FALK.
2009. Predation by bears on woodpecker nests: are nestling
begging and habitat choice risky business? Auk 126:300-309.

USDA FOREST SERVICE [ONLINE]. 2008. U.S Forest Service Inter-
agency Special Status/Sensitive Species Program. <http://www.
fs.fed.us/r6/sfpnw/issssp/agency-policy/> (25 January 2011).

VERHULST, S., J. H. VAN BALEN, AND J. M. TINBERGEN. 1995. Sea-
sonal decline in reproductive success of the Great Tit—variation
in time or quality. Ecology 76:2392-2403.

VIERLING, K. T., L. B. LENTILE, AND N. NIELSEN-PINCUS. 2008. Pre-
burn characteristics and woodpecker use of burned coniferous
forests. Journal of Wildlife Management 72:422—427.

VIRKKALA, R. 2006. Why study woodpeckers? The significance of
woodpeckers in forest ecosystems. Annales Zoologici Fennici
43:82-85.

WIEBE, K. L. 2006. A review of adult survival rates in woodpeckers.
Annales Zoologici Fennici 43:112—117.

WIEBE, K. L., AND W. GERSTMAR. 2010. Influence of spring tempera-
tures and individual traits on reproductive timing and success in
a migratory woodpecker. Auk 127:917-925.

WIEBE, K. L., AND W. S. MOORE [ONLINE]. 2008. Northern Flicker
(Colaptes auratus), no. 166. In A. Poole [ED.],The birds of North
America online. Cornell Lab of Ornithology, Ithaca, NY. <http://
bna.birds.cornell.edu/bna/species/166a>.

WIGHTMAN, C. S., V. A. SAAB, C. FORRISTAL, K. MELLEN-MCLEAN,
AND A. MaRrkuS. 2010. White-headed Woodpecker nesting
ecology after wildfire. Journal of Wildlife Management
74:1098-1106.

WIKTANDER, U., O. OLSSON, AND S. G. NILSSON. 2001. Age and repro-
duction in Lesser Spotted Woodpeckers (Dendrocopos minor).
Auk 118:642-635.

WRIGHT, C. S., AND J. K. AGEE. 2004. Fire and vegetation history
in the eastern Cascade Mountains, Washington. Ecological
Applications 14:443—459.


http://www.fs.fed.us/r6/sfpnw/issssp/agency-policy/
http://www.fs.fed.us/r6/sfpnw/issssp/agency-policy/

