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ABSTRACT

Urban areas continue to expand, with cities now containing more than half of the world’s population. As cities grow,
natural habitat is transformed, changing the face of the local biota and the resources available for it. Wherever
woodpeckers are present, the cavities that they excavate provide an important ecological service that facilitates many
other species. We studied how the Pileated Woodpecker (Dryocopus pileatus) uses suburban areas. From 2009 to 2013,
we used radio-telemetry to determine the annual home range size and habitat use of 13 individuals in 9 suburbs that
varied in their level of urbanization (ranging from 5% to 90% forest remaining). We used concentration of use and
resource utilization functions to examine vegetative characteristics used by woodpeckers at relatively large (i.e. 1 km?)
and more local (i.e. /4 ha) scales. The average home range of suburban Pileated Woodpeckers was significantly smaller
than expected based on previous studies. Pileated Woodpeckers concentrated their use of the landscape in native
coniferous and deciduous forest, as well as in lightly and moderately urbanized areas. Highly urbanized areas were
seldom used. For males, resource use increased with increasing mean diameter of dominant hardwood species. Our
results suggest that maintaining forest cover above 20% and retaining large deciduous trees and snags in public green
spaces and yards may improve the suitability of suburban areas for woodpeckers and the biodiversity that they facilitate.

Keywords: Picidae, resource utilization function, urban, suburban, utilization distribution, home range

Uso de paisajes suburbanos por Dryocopus pileatus

RESUMEN

Las areas urbanas se siguen expandido y ahora albergan mas de la mitad de la poblacion mundial. En la medida que
las ciudades crecen los paisajes naturales son transformados, cambiando la biota local y los recursos disponibles para
ella. Donde los pajaros carpinteros estan presentes facilitan a otras especies mediante la provision de las cavidades que
excavan. Estudiamos como Dryocopus pileatus usa areas suburbanas. Desde 2009 al 2013 usamos radio telemetria para
determinar el ambito de hogar y uso de habitat de 13 individuos en 9 suburbios que variaron en su nivel urbanizacién
(5 a 95% de bosque remanente). Usamos concentracion de uso y funciones de uso de recursos para examinar las
caracteristicas del paisaje usados por los péjaros carpinteros a pequea (1/3 ha) y gran (1 km?) escala. El tamafio
promedio del ambito de hogar de los pajaros carpinteros en los suburbios fue considerablemente mas pequeno que lo
esperado comparado con estudios previos. Los pajaros carpinteros concentraron significativamente su uso del paisaje
en los bosques nativos del sector (coniferas y latifoliadas), como también en lugares con urbanizacion leve y
moderada. Las areas con alta urbanizacién rara vez fueron usadas. Los machos usaron mas los bosques que contenian
arboles latifoliados con troncos de gran didmetro. Nuestros resultados indican que mantener una cobertura boscosa
de al menos 20% junto con la mantencion de grandes arboles latifoliados y arboles muertos en jardines y espacios
verdes publicos podrian mejorar la calidad de las areas suburbanas para estos pdjaros carpinteros y potencialmente
para las otras especies que ellos benéefician.

Palabras clave: Picidae, funcion de utilizaciéon de recursos, urbano, suburbano, distribucion de uso, ambito de
hogar

INTRODUCTION

More than half of the world’s population now lives in cities
(United Nations 2008) and ~67 million people are added
to urban areas each year (Pickett et al. 2011). Given that
cities expand in size at a much faster rate than their

populations increase (Blair 2004, Aronson et al. 2014), this
massive increase in urban population is resulting in an
unprecedented rate of urban area expansion (Cohen 2006).

Urbanization and sprawl of cities are complex and
dynamic processes. They not only change vegetation
composition, cover, and structure (Donnelly and Marzluff
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2006), but also microclimatic conditions, biotic interac-
tions (e.g., increased predation by domestic animals,
competition with exotic species, transmission of diseases;
Chace and Walsh 2006, Endlicher 2011), and connectivity
within and between surrounding natural areas (Fernandez-
Juricic 2000). These altered conditions usually produce a
gradient of land cover between natural and urbanized
areas (urban—wildland or urban—rural gradient; Blair 1996)
wherein habitats are less modified with increasing distance
from foci of urban development (Alberti et al. 2001). Once
an area is developed it rarely goes back to its natural
habitat state (Marzluff and Ewing 2001, McKinney 2006),
although native vegetation may be retained or incorporat-
ed by developers, planners, managers, or residents
(Aronson et al. 2014). Different vegetation structure and
composition, altered disturbance regimes, novel predators,
deadly obstructions, and supplemental food and water
create novel habitat conditions for wildlife and plants,
favoring species with the ability to exploit these changes
(Chace and Walsh 2006, Robb et al. 2008, Clucas and
Marzluff 2011, Kowarik 2011, Loss et al. 2013, 2014,
Marzluff 2014). In general, there is consensus that highly
urbanized bird communities are less diverse (typically
dominated by few native or exotic species) and support
more biomass than adjacent natural communities (Beis-
singer and Osborne 1982, Blair 1996, Melles et al. 2003,
Chace and Walsh 2006, Chapman and Reich 2007, Mgller
2009, MacGregor-Fors et al. 2012, Aronson et al. 2014, Sol
et al. 2014).

The presence and abundance of many woodpecker
species, as with many other cavity-nesting birds, may be
limited by the availability of snags for foraging, roosting,
and nesting (Newton 1998, Bull and Jackson 2011).
Because snags are normally removed when natural forests
are developed (Blewett and Marzluff 2005, Blair and
Johnson 2008, Davis et al. 2014, LaMontagne et al. 2015),
urbanization may result in woodpecker population de-
clines (Blair 1996). These declines may cascade to other
species that are connected to the resources that wood-
peckers provide, potentially amplifying the negative effects
onto other species (Martin and Eadie 1999, Aubry and
Raley 2002, Morrison and Chapman 2005). Given the
recent extinctions of the Ivory-billed Woodpecker (Cam-
pephilus principalis) and Imperial Woodpecker (Campe-
philus imperialis), formerly the largest woodpecker species
in North America, we were interested in the potential
challenges that urban sprawl could pose to the largest
woodpecker remaining in North America, the Pileated
Woodpecker (Dryocopus pileatus). We characterized the
size and land cover composition of Pileated Woodpecker
territories in suburban areas around Seattle, Washington,
USA, to examine whether the birds made differential use of
available land cover types in this heterogeneous suburban
setting. We also compared our home range size estimates
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from this setting with those from previous studies of
Pileated Woodpeckers throughout North America.

METHODS

Focal Species

Pileated Woodpeckers occupy expansive home ranges
(Renken and Wiggers 1989, Mellen et al. 1992, Bull and
Holthausen 1993, Bonar 2001). The cavities that this
species create facilitate many other species (Raley and
Aubry 2006). The Pileated Woodpecker has been described
as a mature or late-successional coniferous or deciduous
forest specialist (Mellen et al. 1992, Bull and Holthausen
1993, Renken and Wiggers 1993, Aubry and Raley 2002)
that benefits from high abundance of trees larger than 30
cm in diameter at breast height (DBH; Mellen et al. 1992,
Renken and Wiggers 1993). The species also uses younger
forests (Bull and Jackson 2011) and suburban areas (Hoyt
1957, Blewett and Marzluff 2005, Erskine 2008). Although
there is evidence that this species is sensitive to habitat
degradation due to forest loss and fragmentation (Bull et
al. 2007, Bull and Jackson 2011), there is little information
on how it responds to urbanization. Pileated Woodpeckers
can be found in urban and suburban areas (Blewett and
Marzluff 2005, Erskine 2008), although their densities tend
to be low (Beissinger and Osborne 1982, Blewett and
Marzluff 2005). In fact, Pileated Woodpecker density is
positively associated with the percentage of forest remain-
ing (at a 1 km” scale) in urbanizing landscapes, and the
species’ density in suburban areas (forested and built areas
combined) can be reduced by 85% compared with natural
areas (Blewett and Marzluff 2005).

Study Area
We monitored Pileated Woodpeckers in 9 sites within 3
general areas along the urban-wildland gradient in the
Greater Seattle area of Washington, USA (47.61°N,
122.33°W; Figure 1). These sites were selected from a set
of 23 randomly chosen study sites described in detail
elsewhere (Marzluff et al. 2016). The northern area was
close to the town of Maltby, the central area was close to
Redmond, and the southern area was close to Bellevue. All
3 areas were similar in their percentage of deciduous
forest, but Redmond had less coniferous forest and more
medium and heavy urban cover than Bellevue and Maltby
(Table 1). Similarly, Redmond had less edge (between
forested and lightly or moderately urbanized areas) than
the other 2 general areas. The 9 sites found in these areas
were representative of different levels and configurations
of forest remaining (ranging from 5% to 90% at the 1 km?
scale; Hepinstall et al. 2008), which we used as a proxy for
the level of urbanization.

Historically, western Washington was forested, with the
lowlands dominated by western hemlock (Tsuga hetero-
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FIGURE 1. Study areas in Greater Seattle, Washington, USA, where we studied how Pileated Woodpeckers used suburban areas that
varied in their level of urbanization. Land cover types follow Alberti et al. (2006).

phylla), western redcedar (Thuja plicata), and, as a
subclimax species, Douglas-fir (Pseudotsuga menziesii;
Franklin and Dyrness 1988). Hardwood species were not
common, except in recently disturbed sites and riparian
areas, where bigleaf maple (Acer macrophyllum), red alder
(Alnus rubra), and black cottonwood (Populus balsamifera
trichocarpa) were the most prevalent tree species (Franklin
and Dyrness 1988). However, these forests have undergone
extensive change in the last ~170 yr. As European settlers
colonized the area in the mid-1800s, the coniferous forest
was logged, regrew, and was logged again for ~100 yr (Cuo

et al. 2009). In the last few decades these changes have
been accentuated and accelerated as populated areas have
expanded and transformed the land cover from forest to
urban and suburban areas (MacLean and Bolsinger 1997,
Alberti et al. 2004). Projections indicate that this trend will
continue and that more land will be transformed into some
level of urban use (Hepinstall et al. 2008). These changes
will continue to affect the amount, composition, and
structure of the forests in the general area (Donnelly and
Marzluff 2006), as urban and suburban forests are
dominated by early successional species (mostly the
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TABLE 1. Characterization of the 3 main areas in Greater Seattle, Washington, USA, in 2009-2013, where we conducted this study
examining how Pileated Woodpeckers used suburban areas that varied in their level of urbanization. Land cover types are defined in
Table 2. Contrast-weighted edge density quantifies the amount of edge between forested and moderately or lightly urbanized areas.

Total area (ha)

Contrast-weighted edge density (m ha™")

Land cover type Maltby Redmond Bellevue Maltby Redmond Bellevue
Native forest or woodlands
Coniferous forest 965.43 (14%) 308.43 (5%) 932.04 (17%) 24.97 7.91 23.71
Deciduous and mixed forest 1,455.75 (21%) 1,475.46 (24%) 1,309.86 (24%) 43.18 27.83 38.97
Regenerating forest 159.93 (2%) 124.02 (2%) 119.97 (2%) N/A N/A N/A
Clear-cut forest 1.35 (<1%) 1.17 (<1%) 10.26 (<1%) N/A N/A N/A
Urbanized lands
Light urban 2,333.52 (34%) 873.45 (14%) 1,517.40 (28%) 63.54 29.49 57.54
Medium urban 786.24 (12%) 2,153.07 (35%) 581.04 (11%) 461 6.25 5.14
Heavy urban 315.81 (5%) 589.95 (10%) 153.45 (3%) N/A N/A N/A
Cleared for development 1.62 (<1%) 0.72 (<1%) 6.12 (<1%) N/A N/A N/A
Other
Grass or grassland 538.02 (8%) 207.81 (3%) 414.36 (8%) N/A N/A N/A
Agriculture 117.99 (2%) 243 (<1%) 145.71 (3%) N/A N/A N/A
Unforested wetlands 70.47 (1%) 52.56 (1%) 123.39 (2%) N/A N/A N/A
Open water 65.97 (1%) 318.69 (5%) 95.22 (2%) N/A N/A N/A
Snow or bare rock 0.00 (0%) 0.09 (<1%) 0.00 (0%) N/A N/A N/A
Grand total 6,812.10 (100%) 6,107.85 (100%) 5,408.82 (100%) 136.30 71.48 125.36

hardwoods described above and Douglas-fir), thus also
changing the composition and structure of the biological
communities present in the area (Gavareski 1976).

Radio-telemetry and Home Range Estimation
We trapped Pileated Woodpeckers year-round using mist
nets, call playback, and a decoy (York et al. 1998). We also
trapped close to suet feeders (present in neighborhoods in
the study sites) during fall and winter when the birds were
harder to attract using playback. Once we captured a bird,
we banded it and attached a radio-tag (model A1250 from
Advanced Telemetry Systems, Isanti, Minnesota, USA;
expected battery life 12 mo) using a Teflon backpack
harness modified from Buehler et al. (1995). We used 2-
mm-wide copper rings to secure the harness. A transmitter
plus harness weighed 11.5 g, <5% of the weight of an
adult Pileated Woodpecker. We released captured birds
back into the same area from which we captured them.
Our processing time was typically ~30-45 min. We
custom-fitted the transmitter to each bird to reduce
potential negative effects (Ruder et al. 2012, Noel et al.
2013). We used an R-1000 telemetry receiver (Communi-
cations Specialists, Orange, California, USA) and a hand-
held 3-element Yagi antenna to relocate each radio-tagged
bird opportunistically, aiming to have at least 1 location
per week. Two birds dropped their transmitters, but we
recaptured them (after 69 and 174 days of losing their
transmitters, respectively) and replaced their transmitters.
Both sexes participated in territorial defense, which
allowed us to capture both males and females.

We recorded all locations of each bird on custom-made
field sheet maps based on current aerial photographs

available online (Google Maps, Google, Mountain View,
California, USA) at ~1:10,000 scale. In cases in which the
location was not obvious from the map, we used a GPS to
mark a reference point and measured distance and bearing
to the woodpecker location with a laser rangefinder
(TruPulse 360B, Laser Technologies, Centennial, Colorado,
USA). We then mapped all locations using ArcGIS (9.x and
10.x, ESRI, Redlands, California, USA).

Based on these locations, we estimated home ranges
using 2 different techniques. First, we used the minimum
convex polygon method, using all locations (100% MCP)
for comparison with other studies that calculated Pileated
Woodpecker home ranges. Second, we used fixed-kernel
estimation to estimate the area used by each woodpecker
(KDE; Worton 1989). We determined differential use of
areas within the home range by constructing a utilization
distribution (UD; Marzluff et al. 2004). The UD is a
probability density function that quantifies the probability
of an individual occurring at each location within the
home range (Marzluff et al. 2004). Therefore, the volume
under the UD adds to 1. We found a weak positive
correlation between sample size and MCP home range size
(linear regression: F; 19 =4.69, P=0.06) but not KDE home
range (linear regression: Fy,o = 0.77, P = 0.40), which
indicates that our sampling effort was sufficient to estimate
home range using the latter technique, and that the
number of locations did not affect our KDE.

Habitat Use

We related different degrees of use (UD) to habitat
characteristics using 2 approaches: (1) concentration of
use (Neatherlin and Marzluff 2004), to characterize the use
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TABLE 2. Land cover types that were used in this study, as defined by Alberti et al. (2006).

Land cover type

Definition

Heavily urbanized (‘Heavy urban’)
Moderately urbanized (‘Medium urban’)
Lightly urbanized (‘Light urban’)

Grass or grassland

Deciduous and mixed forest
Coniferous forest

Clear-cut forest

Regenerating forest

Agriculture

Other

>80% impervious area

50-80% impervious area

20-50% impervious area

Developed grass or grassland

10-80% deciduous or mixed forest

>80% coniferous forest

Recently clear-cut area

Regenerating forest

Row crops and pastures

Unforested wetlands, open water, shorelines, bare rock or snow

of different land cover types in relation to their presence
within each home range; and (2) resource utilization
functions (RUFs; Marzluff et al. 2004), to assess the use of
local resources and habitat structural characteristics at a
finer scale within the most frequently used land cover
types. Concentration of use is the ratio between the
volume of use (from the UD) found in each cover type and
the occurrence of each land cover type within the home
range, analogous to other selectivity measures that relate
use to occurrence (Neatherlin and Marzluff 2004). We
used 30-m resolution land cover data based on 2007
Landsat TM satellite imagery classified into 14 habitat
categories (heavily urbanized, moderately urbanized,
lightly urbanized, cleared for development, grass or
grassland, deciduous and mixed forest, coniferous forest,
clear-cut forest, regenerating forest, agriculture, unforest-
ed wetlands, open water, snow or bare rock, and
shorelines) for these analyses (Table 2; Alberti et al. 2006).

RUFs are multiple regression analyses that relate use
(derived from the UD on a cell-by-cell basis) to resources
accounting for spatial autocorrelation (Marzluff et al
2004). For this approach, we used 30-m resolution
landscape data from the 2012 Gradient Nearest Neighbor
(GNN) mapping of existing vegetation for the Northwest
Forest Plan Effectiveness Monitoring for Western Wash-
ington (modeling region 221; http://lemma.forestry.
oregonstate.edu/data/structure-maps, Ohmann and Greg-
ory 2002, Ohmann et al. 2014). This map was created using
imputation procedures that combined remote sensing
imagery and plot sampling. Based on previous publications
regarding Pileated Woodpecker ecology, we expected
woodpeckers to concentrate their use in areas with high
quadratic mean diameter of dominant conifers, high
quadratic mean diameter of dominant hardwoods, high
volume of snags >25 cm DBH, and high volume of down
wood >25 cm DBH. We also included a metric for edge to
explore the significance of the forest—urban interface. To
do so, we calculated contrast-weighted edge density using
a 50-m moving window in FRAGSTATS v4 (McGarigal et
al. 2012) for edge between forest (either coniferous, broad-

leaved, or mixed) and lightly or moderately urbanized
areas. We preferred 50 m to other distances in order to
have a fine enough scale to capture edges that were highly
contrasted between these land cover types. We assessed
differences in relative use of often-used land covers (i.e.
coniferous and deciduous forest, lightly and moderately
urbanized areas) by selecting only the locations found in
these land cover types. We set the RUFs to randomly select
a subsample of 1,000 pixels within these land cover types
(all combined). It has been suggested that use should be
transformed before conducting RUF analyses to prevent
violations of the assumptions of homoscedasticity and
normality of the residuals of a multiple regression
(Johnston 2013). However, we graphically explored the
residuals of our models and did not encounter such
problems, so we analyzed raw values of use. We obtained
one unstandardized P value for each independent variable
that we later used to estimate the population-level effect of
each, averaging these values across individuals that could
be considered independent (Marzluff et al. 2004). We then
used the standardized [ value for each independent
variable to evaluate the relative importance of each
variable included in our models. We considered these [
values (standardized and unstandardized) to be significant
if the 95% confidence interval around them did not
include zero (Marzluff et al. 2004). We explored consis-
tency among individuals by comparing the frequency of
significant negative and positive coefficients for each
variable included in the model. To estimate population-
level significance of these coefficients, we averaged across
all individuals (using standardized and unstandardized f
estimates for different groups) and used the standard error
of this sample of coefficients to construct 95% confidence
intervals. We calculated MCPs, KDEs, and UDs using
Geospatial Modelling Environment 0.7.2.1 (Beyer 2012).
We performed the RUF analysis using package ruf 1.5-2
(Handcock 2011) in R (R Core Team 2014).

We used linear regression to assess whether the mean
size of the home range of the woodpeckers in our area
followed the latitudinal trend revealed from other studies.
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FIGURE 2. Boxplots indicating the concentration of use by male
Pileated Woodpeckers of different land cover types (Coniferous
= coniferous forest; Deciduous = deciduous and mixed forest;
Grass = grass or grassland; Light urban = lightly urbanized;
Medium urban = moderately urbanized; and Heavy urban =
heavily urbanized) in the Greater Seattle area, Washington, USA.
Letters indicate Tukey post hoc differences.

We used ANOVA and Tukey tests to determine significant
differences among concentration of use (Zar 1999).
Averages are presented = SE.

RESULTS

We captured 16 adult Pileated Woodpeckers (9 males, 7
females) between 2009 and 2012. We discarded data for 3
females with <25 locations. For the remaining birds, we
collected data for an average of 12.3 = 1.0 mo (10/13 were
followed for more than 11.5 mo) and obtained an average
of 74 = 12 locations per bird.

Home Range Estimation and Habitat Use

The average MCP home range size was 178 = 29 ha (n =
13). Using the fixed-kernel density estimation (KDE), the
average home range size was 292.6 = 37.2 ha (99% KDE,
n = 13). We found that female home ranges were not
perfectly superimposed on their mate’s ranges. On average,
males used 73% of their female’s home range (range: 51—
93%, n=13), while females used 62% (range: 53-71%, n=
3) of their male’s home range, and they shared 52% (range:
46-56%, n = 3) of the volume under the UD (Tomasevic
and Marzluff 2018).

The home ranges of suburban woodpeckers encom-
passed a mix of land covers (Table 3). Generally, slightly
more than half of the average home range included some
degree of urbanized land (~59%, including light, medium,
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FIGURE 3. Minimum convex polygon-based home range
estimates (100% MCP) for Pileated Woodpeckers in North
America. Error bars indicate SE and dashed lines indicate the
95% Cl for the regression. MO = Missouri, USA, WA =
Washington, USA.

and heavy urban) and more than a third of the area was
forested (~35%). Only ~6% was grassland (where trees
and snags were present), and a marginal fraction included
other land cover types (i.e. unforested wetlands, open
water, bare rock, and clear-cut forest). However, wood-
peckers used these land cover types differently within their
home ranges (ANOVA, Fg-7 = 3.36, P = 0.005; Figure 2).
They concentrated their use in forested areas more than in
heavily urbanized areas (Table 4). In contrast, concentra-
tion of use of lightly and moderately urbanized areas was
not significantly different from that of forested lands
(Table 4, Figure 2).

The most important variable that influenced space use
by woodpeckers (male and female) was the quadratic mean
diameter of dominant hardwoods (B = 0.28, 95% CI =
0.00-0.56). Use by most individuals had a significant
positive relationship with the diameter of hardwoods (10
individuals had a positive f3, i.e. used areas with large-
diameter hardwoods), although some individuals showed a
significant negative relationship with the diameter of
hardwoods (3 individuals had a negative f3, i.e. used areas
with small-diameter hardwoods). However, when examin-
ing space use by the sexes separately, for male woodpeck-
ers, the occurrence of edge habitat (f = 0.63, 95% CI =
0.02-1.25) was more important than the diameter (i.e.
size) of hardwood trees (p = 0.32, 95% CI = 0.00-0.65):
The RUF coefficients for contrast-weighted edge density at
50 m were significant for 7/9 males (5 frequently used edge
[positive B], while 2 used it infrequently [negative f]). The
other variables had little effect on use of space.
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TABLE 4. Tukey pairwise comparisons of differences in the concentration of use (COU) of land cover types by 13 Pileated
Woodpeckers in suburban areas of the Greater Seattle area, Washington, USA, 2009-2013. The linear hypothesis for each comparison
was that the COU was equal between land cover types. Significant differences are highlighted in bold font. Land cover types are

defined in Table 2.

Comparison Estimate SE t obs P
Deciduous forest vs. Coniferous forest 8.00 9.32 0.86 0.98
Grassland vs. Coniferous forest —7.47 9.32 —0.80 0.98
Heavy urban vs. Coniferous forest —29.95 9.32 -3.21 0.03
Medium urban vs. Coniferous forest —14.23 9.32 —1.53 0.73
Light urban vs. Coniferous forest —7.02 9.32 —0.75 0.99
Regenerating forest vs. Coniferous forest —2.16 9.32 —0.23 0.99
Grassland vs. Deciduous forest —15.47 9.32 —1.66 0.64
Heavy urban vs. Deciduous forest —37.95 9.32 —4.07 0.002
Medium urban vs. Deciduous forest —22.23 9.32 —2.39 0.22
Light urban vs. Deciduous forest —15.02 9.32 —1.61 0.68
Regenerating forest vs. Deciduous forest —10.15 9.32 —1.09 0.93
Heavy urban vs. Grassland —2247 9.32 —-2.41 0.21
Medium urban vs. Grassland —6.76 9.32 —0.73 0.99
Light urban vs. Grassland 0.46 9.32 0.05 1.00
Light urban vs. Heavy urban 2293 9.32 2.46 0.19
Medium urban vs. Heavy urban 15.72 9.32 1.69 0.63
Regenerating forest vs. Heavy urban 27.79 9.32 2.98 0.06
Medium urban vs. Light urban —7.21 9.32 —-0.77 0.99
Regenerating forest vs. Light urban 4.86 9.32 0.52 0.99
Regenerating forest vs. Medium urban 12.07 9.32 1.30 0.85

Home Range Estimates across the Pileated
Woodpecker’'s Range

We found 6 other studies that reported home range sizes
for Pileated Woodpeckers (Renken and Wiggers 1989,
Mellen et al. 1992, Bull and Holthausen 1993, Aubry and
Raley 1996, Bonar 2001, Noel 2011) in a wide range of
habitats. We found a significant positive relationship
between home range size in natural areas and latitude
(Figure 3; linear regression, adjusted multiple R*>=0.92, P
< 0.001). Although our study area fell within the
latitudinal range of these other studies, home ranges in
our sites were smaller than expected for our latitude,
falling below the 95% CI for the regression.

DISCUSSION

As expected based on previous work (Blewett and Marzluff
2005), Pileated Woodpeckers intensively used coniferous
and broad-leaved forests in our study area, but they also
used a large proportion of suburban areas where trees
were retained. Lightly and moderately urbanized areas
attracted Pileated Woodpeckers and partially comple-
mented the resources found in the remaining native
forests present in urban parks and wild parks surrounding
our study sites. These resources included suet feeders,
water, fruits, telephone poles, and trees (both live and
dead) in backyards. The combination of native and
nonnative resources may have enabled this species to
exploit this altered, and novel, ecosystem. However, this

environment is not exempt from risks, as Seattle’s
suburban areas are known to be used by avian predators
as well, including Cooper’s Hawks (Accipiter cooperii),
Barred Owls (Strix varia), and Great Horned Owls (Bubo
virginianus; Rullman and Marzluff 2014). We witnessed
several unsuccessful predation attempts by Cooper’s
Hawks on Pileated Woodpeckers. In addition, there are
novel risks associated with urban and suburban areas that
may also result in woodpecker mortality, such as cat or
other mammalian predation, window collisions (close to
feeders or at buildings), attacks at feeders, or even vehicle
strikes (Dunn 1993, O’Connell 2001, Chace and Walsh
2006, Loss et al. 2013, 2014). Unfortunately, we are not
aware of such information for the Pileated Woodpecker,
and we could not determine sources of mortality for the
birds that we followed, so this is certainly a promising field
of research.

Pileated Woodpeckers have traditionally been consid-
ered mature forest specialists, yet they will also use
suburban habitats (Hoyt 1957, Conner et al. 1975, Blewett
and Marzluff 2005, Erskine 2008, Bull and Jackson 2011).
Pileated Woodpeckers were in rapid decline at the
beginning of the 20™ century due to significant reductions
in their natural habitat, but they were able to use what was
considered suboptimal habitat, including suburban areas
(Hoyt 1957, Bull and Jackson 1995). By the 1950s they
were using bird feeders, and they continue to colonize
suburban areas that they have not used before (Hoyt 1957,
Erskine 2008). Our findings suggest that their ability to use
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suburban areas depends in part on the incorporation of
wooded areas into suburbs.

Home range size can be affected by the abundance and
availability of resources that are important to woodpeck-
ers, such as the density of snags for nesting, foraging, and
roosting, or by other factors, such as territoriality (Renken
and Wiggers 1989). For Pileated Woodpeckers from
Arkansas, USA, to Alberta, Canada, we found a significant
positive relationship between home range size and latitude.
These studies were done in landscapes with less urbani-
zation than our study sites. Our home range size estimate
was much lower than expected for this latitude, and was
only 30% as large as the home ranges of Pileated
Woodpeckers on the heavily forested Olympic Peninsula,
at the same latitude as Seattle. Our limited data do not
allow us to address mechanisms for this result, but
possibilities include: (1) differences in forest productivity
compared with other sites; (2) a “crowding effect”; (3)
supplementary resources provided by humans; and (4) the
availability of snags in yards and parks.

Forest net primary productivity (NPP) differs with
latitude and forest type. In general, broad-leaved forests
are more productive than coniferous forests at similar
latitudes, and forests closer to the equator are more
productive than forests closer to the poles (Grier et al
1989, Gillman et al. 2015). As forest productivity increases,
more resources are available, supporting more individuals
and species at the landscape level, and reducing home
ranges at the local level (Renken and Wiggers 1989,
Pautasso and Gaston 2005). We conducted our study
mostly in second-growth broad-leaved forests, which may
have higher productivity than forests in sites in other
Pileated Woodpecker studies in western North America
(Mellen et al. 1992, Bull and Holthausen 1993, Aubry and
Raley 1996). This difference in productivity may also be
strengthened by the fact that suburban forests benefit from
the heat island effect found close to cities, which tends to
lengthen the growing season for plants (Pickett et al. 2011).

Habitat loss and fragmentation can result in crowding
(Debinski and Holt 2000), another mechanism that could
have potentially driven the smaller home ranges found in
our study. Resource reduction for animals confined to
small patches eventually results in reduction of population
density and occasionally local extinctions (Debinski and
Holt 2000). We found little support for this hypothesis, as
there was no evidence of population decline and we
observed individuals moving across the landscape without
interference by what we expected to be habitat barriers for
Pileated Woodpeckers (e.g., roads, highways, open areas,
and densely populated areas). Also, we have evidence that
survivorship and reproduction in our study areas may be
equal to or higher than that in more natural areas of the
Pacific Northwest (Bull and Meslow 1988, Bull 2001, Bull
and Jackson 2011, Tomasevic 2017).

Pileated Woodpecker suburban ecology 735

Supplementation of resources by humans, especially
bird feeders, has a great impact on bird communities
(Robb et al. 2008). Typically, areas with higher bird feeder
density result in higher bird density and higher species
richness than areas without feeders (Fuller et al. 2008).
Pileated Woodpeckers actively used suet feeders in our
study area, as reported by many residents and our personal
observations. Feeders may increase food supply and could
have a partial compensatory effect on the decrease of
resources due to habitat reduction, ultimately reducing
home range sizes (Fuller et al. 2008).

As urban areas are developed, snags are removed
(Blewett and Marzluff 2005). However, we found snags in
suburban green spaces. In fact, 16 of 17 Pileated
Woodpecker nests that we found were placed in green
spaces (parks, trail buffers, rights-of-way, and large wooded
lots; J. Tomasevic personal observation). We believe that
being able to find nesting sites is a critical aspect of the
success of Pileated Woodpeckers in suburban areas, as
nesting sites are commonly a limiting factor among cavity-
nesting birds (Newton 1998).

Contrary to other studies (Ruder et al. 2012, Noel et al.
2013), we did not find any evidence of mortality associated
with the use of the radio-tags or the Teflon backpack on
our birds. Ruder et al. (2012) and Noel et al. (2013)
reported high mortality rates (12/34 birds), wherein 11/12
birds died within 12 days of capture (~8 days on average).
Four birds that died in our study lived between 104 and
353 days after capture (211 * 58 days). Also, we did not
notice any effect of the radio-tags on reproduction. Even
when females carried a transmitter, the antenna did not
preclude them from incubating and raising young.

Management Implications

This research provides a new perspective on the Pileated
Woodpecker’s ecology and opens new opportunities for its
conservation and that of the many species associated with
it. Under this perspective, suburban areas could and
should be incorporated into management and conserva-
tion plans for Pileated Woodpeckers. Our results indicate
that areas with less than 20% forest (heavily urbanized
areas) were used significantly less than areas with higher
forest cover. Retaining greater than 20% forest cover over
large suburban areas may help to sustain this species (and
maybe others tied to it). This forest will be better suited for
woodpeckers if dead trees are retained in green spaces.
Early-successional species, such as bigleaf maple, red alder,
and Douglas-fir, are easy to include in green space
management. These species are used by Pileated Wood-
peckers for nesting, roosting, foraging, drumming, and
calling. By increasing the sustainability of snags and other
resources used by large cavity-nesting species, such as the
Pileated Woodpecker, cities can play an important role in
the conservation of biodiversity.
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