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EFFECTS OF URBAN SPRAWL ON SNAGS AND THE 
ABUNDANCE AND PRODUCTIVITY OF CAVITY-NESTING BIRDS 

CHRISTINA M. BLEWETT AND JOHN M. MARZLUFFI 
University of Washington, College of Forest Resources, Box 352100, Seattle, WA 98195 

Abstract. We investigated the occurrence of, and relationships among, snags and cavity­
nesting birds in the rapidly urbanizing region around Seattle, Washington in 2001 and 2002. 
We measured the density of snags in 49 sites (l_km2 "suburban landscapes" that included 
built and forested portions), and determined the diameter, height, decay status, and species 
of individual snags. We spot-mapped territories and observed nests of cavity-nesting birds 
at a stratified, random subsample of 13 sites. Snags, especially red alder (Alnus rubra), were 
abundant in sites' forested portions, but rare in the built portions. Snag density was positively 
correlated with density of live trees. Snags in built versus forested portions were similar in 
all attributes except decay, which was more advanced in forested areas. In the oldest suburbs 
(60-80 years old), snags in forested portions were larger, more decayed, and more likely to 
have broken tops than those in younger suburbs (2-20 years old). Cavity-nesting bird species 
richness and equity of individuals per species was highest in suburban landscapes where 
remaining forest was not fragmented, but adjacent to highly intermixed urban and urban­
forest land covers. Suburban landscapes with highly interspersed land covers had higher 
densities of Black-capped Chickadees (Poecile atricapillus), Red-breasted Nuthatches (Sitta 
canadensis), Northern Flickers (Colaptes auratus) and Downy Woodpeckers (Picoides pu­
bescens); suburban landscapes with higher percentages of forest had higher densities of 
Brown Creepers (Certhia americana), Chestnut-backed Chickadees (Poecile rufescens), Pi­
leated (Dryocopus pi/eatus) and Hairy Woodpeckers (Picoides villosus). Red-breasted Sap­
sucker (Sphyrapicus ruber) densities were positively correlated only with the density of 
snags. All study sites had low bird densities compared to wildlands, presumably due to the 
relative lack of live trees and snags. Cavity-nesting birds bred successfully in all landscapes; 
seven of the nine species produced fledglings in >50% of their nesting attempts. Snags 
important for nesting were larger in diameter, taller, and more decayed than expected based 
on availability. Snags with active nests also had evidence of previous use, fungal conks, 
broken tops, and substantial bark. 

Key words: cavity-nesting birds, density, land cover, productivity, Seattle Washington, 
snags, urban sprawl. 

Efectos de la Expansi6n Urbana sobre la Abundancia y la Productividad de Aves que 
Nidifican en Cavidades 

Resumen. Durante el 200 I Y 2002, investigamos la presencia de, y la relacion entre, 
troncos muertos y aves que nidifican en cavidades en los alrededores de Seattle (Washing­
ton), una region que esta urbanizandose rapidamente. Medimos la densidad de troncos en 
49 sitios (l_km2 de "paisajes suburbanos" que incluyeron ambientes edificados y bosques) 
y determinamos el diametro, altura, estado de descomposicion y especie de troncos indivi­
duales. Mapeamos los territorios mediante registros puntuales y observamos los nidos de 
aves que nidifican en cavidades en una sub-muestra estratificada y al azar de 13 sitios. Los 
troncos, especialmente de Alnus rubra, fueron abundantes en las areas con bosque, pero 
raros en las areas edificadas. La densidad de troncos se correlaciono positivamente con la 
densidad de arboles vivos. Los troncos de las areas edificadas y de las areas con bosque 
fueron similares en todos sus atributos excepto en su descomposicion, que fue mas avanzada 
en los sitios boscosos. En los suburbios mas viejos (60-80 aiios), los troncos en las areas 
con bosque fueron mas grandes, estuvieron mas descompuestos y presentaron mayor pro­
babilidad de tener sus extremos rotos que aquellos presentes en los suburbios mas nuevos 
(2-20 afios). La riqueza de especies que nidifican en cavidades y la equitatividad de indi­
viduos por especie fueron mayores en los paisajes suburbanos donde el bosque remanente 
no estaba fragmentado, sino adyacente a coberturas con una gran mezcla de sitios urbanos 
y sitios en la transicion bosque-ciudad. Los paisajes suburbanos con coberturas ampliamente 
entremezcladas presentaron mayores densidades de Poecile atricapillus, Sitta canadensis, 
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Colaptes auratus y Picoides pubescens; los paisajes suburbanos con porcentajes mas altos 
de bosque presentaron mayores densidades de Certhia americana, Poecile rufescens, Dryo­
copus pileatus y Picoides villosus. Las densidades de Sphyrapicus ruber solo se correlacio­
naron positivamente con la densidad de troncos. Todos los sitios de estudio tuvieron bajas 
densidades de aves comparados con areas si)vestres, debido presumiblemente a la carenc-ia 
relativa de arboles vivos y troncos. Las aves que nidifican en cavidades criaron con exito 
en todos los paisajes; siete de las nueve especies produjeron volantones en >50% de sus 
intentos de nidificacion. Los troncos importantes para nidificar fueron mas grandes en dia­
metro y altura y estuvieron mas descompuestos que 10 esperado con relaci6n a su disponi­
bilidad. Los troncos con nidos activos tambien presentaron evidencias de uso previo, de­
formaciones producidas por hongos, copas rotas y bastante corteza. 

INTRODUCTION 

Urbanization is increasing world wide and af­
fecting local and global ecological systems 
(Marzluff 2001, Pickett et ai. 2001, Alberti et ai. 
2003, Imhoff et al. 2004). This global trend is 
evident in the western United States, where 
cites, counties, and states are among the fastest 
growing in the nation (Hansen et aI., in press). 
Between 1990 and 2000, for example, the state 
of Washington had the 10th fastest growing pop­
ulation in the country (U.S. Census Bureau 
2000). Incorporated land area in the four coun­
ties surrounding Seattle increased by an average 
of approximately 47% during this time (PSRC 
2001), mostly at the expense of second growth 
forest (Alberti et ai. 2004). In western Washing­
ton, as in much of the western US, most devel­
opment occurs at the interface between existing 
settlements and wildlands and proceeds in a 
leap-frog, sprawling fashion away from the most 
urban areas (Robinson et al. 2005). The result is 
a mixture of high-density housing developments 
that contain few to no forest fragments and sin­
gle houses on large lots that punctuate wild­
lands. 

The expansion of cities often perforates, iso­
lates, and degrades natural land (Meyer and 
Turner 1992, Matlack 1993, Marzluff and Hamel 
2001, Faulkner 2004). These processes have 
substantial and lasting effects on bird commu­
nities (Marzluff and Ewing 2001) by altering the 
amount, composition, and arrangement of veg­
etation (Hostetler 2001, Melles et al. 2003), cre­
ating barriers to movement (Fernandez-Juricic 
2000) and changing local temperature, food sup­
ply, predators, and parasites (Bowman and 
Woolfenden 2001, Crooks et ai. 2001, Marzluff 
2001, Chance et ai. 2003, Thorington and Bow­
man 2003, Sinclair et al. 2005, White et al. 
2005). Richness may peak in moderately-dis­
turbed sites where vegetation diversity is great, 
but bird species present in wildlands often dis-

appear as the level of urbanization increases 
(Blair 1996, 2001, Donnelly and Marzluff 
2004). 

Cavity-nesting birds may be especially sensi­
tive to urbanization because they depend on 
snags for nesting, roosting, and foraging (Thom­
as et al. 1976, Davis 1983, Bull et al. 1997). 
Snags are removed from urban areas during ini­
tial constrUction for safety reasons, and over 
time by homeowners and increased exposure to 
wind along newly created edges. In wildlands, 
we know that cavity-nesting bird densities and 
nesting success decline if snag densities are low 
or snags with appropriate characteristics are not 
available (Cline et ai. 1980, Zamowitz and Ma­
nuwal 1985, Christman and Dhondt 1997; 
Aubry and Raley 2002). Cavity-nesting birds 
also decline in urban areas (DeGraff and Went­
worth 1986, Tilghman 1987, Natuhara and Imai 
1996, Rottenborn 1999, Fraterrigo and Wiens 
2005), but except for a few studies that inves­
tigated competition for nest sites between wood­
peckers and European Starlings (Sturnus vulga­
ris; Ingold 1989, 1994, 1996), the mechanisms 
accounting for declines are not knoWn. Also, de­
spite concern for snags and cavity-nesting birds 
in areas dominated by timber harvest (Brown 
1985, Morrison et al. 1986, Raphael and White 
1984, Ohmann et al. 1994), at the time of this 
study we were aware of no studies that investi­
gated snag densities, snag characteristics, and 
their link to cavity-nesting birds in urban areas. 
This lack of basic knowledge is likely respon­
sible for infrequent consideration of cavity-nest­
ing bird requirements in urban snag policies (Fi­
scher and McClelland 1983, King County 2000, 
Seattle Public Utilities 2000, except see Dove 
1987). 

To better understand snag densities and qual­
ities as possible mechanisms controlling cavity­
nesting bird densities and reproductive success 
in urban areas, we studied the effects of land-
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FIGURE 1. Locations of study sites in Seattle, Washington 2000-2001. Land cover data are at 30 m X 30 m 
resolution from a 1998 classified satellite image. 

scape variables (types and amount of land cov­
ers, and their spatial relationships) and relevant 
site variables (mean age of built portion, vege­
tation attributes) on snag densities and snag 
characteristics (e.g., height, diameter, decay 
class), and compared snag densities and snag 
characteristics between developed and forested 
sections of a site. We also compared snag abun­
dance and landscape and site variables to bird 
species richness and evenness, density, and re­
productive success. Lastly, we investigated char­
acteristics of snags used for nesting by cavity­
nesting species. 

METHODS 

STUDY AREA AND SITE SELECTION 

We chose 49, l-lan2 "suburban landscapes" 
(Marzluff et al. 2001) within a 3200 km2 area 
of temperate, moist forest around Seattle, Wash­
ington (study sites; Fig. I). Each study site in­
cluded built portions (single-family residential) 
and 37 sites also had forested portions. Forests 
were mostly coniferous, including western hem­
lock (Tsuga heterophylla), Douglas-fir (Pseu­
dotsuga menziesii), and western red cedar (Thu­
ja plicata), with a few hardwoods occurring near 
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TABLE 1. Ranges of landscape variables among 49 study sites (100 ha each) in the greater Seattle area using 
classified satellite land cover data from 1998. Land cover types were considered urban, forest, and mixed urban 
forest (see text for details). We randomly selected study sites after stratifying the region on a per 100 ha basis 
using three variables: percent coverage of the dominant land cover, mean patch size of the urban and forest land 
cover, and a measure of land cover spatial arrangement called "contagion" (whether land cover types tend to 
be clumped or interspersed). A fourth variable was calculated after sites were chosen: forest aggregation (con­
tagion calculated only using forest land cover). Contagion and forest aggregation range from 0 (maximum 
interspersion)- 1.0 (maximum clumping). Mean patch size ranges from 0-100 ha. Bird productivity was calcu­
lated from a subset of the snag sites. 

Dominant land cover n (sites) Percent cover 

Snag sites 
Forest 19 40-96 
Urban forest 10 42-75 
Urban 20 38-95 

Bird productivity sites 
Forest 5 60-96 
Urban and urban forest 8 60-100 

riparian and disturbed areas: red alder (Alnus ro­
bra), big-leaf maple (Acer macrophyllum), black 
cottonwood (Populus trichocarpa) and Oregon 
ash (Fraxinus latifolia; Franklin and Dymess 
1988). Elevation varied from sea level to near 
300 m on the lower slopes of the Cascade 
Range. 

We randomly selected sites after stratifying 
the entire area on a per km2 basis by the amounts 
and arrangements of land cover. Botsford (2000) 
classified land cover from satellite imagery into 
"urban" (pixels containing >60% paved, or pix­
els containing <25% trees, >25% grass and 
<60% paved), "forest" (pixels with >60% 
trees), and mixed "urban-forest" (pixels >25% 
trees, and >20% but <60% paved). Stratifica­
tion was based on variation in three landscape 
attributes: percent of land cover type in a land­
scape, average patch size of urban land cover, 
and the probability that two randomly chosen 
adjacent pixels belong to the same class, (con­
tagion; Table 1). Sites varying in contagion 
ranged from aggregated land cover to inter­
spersed; (Fig. 2). Calculations were done with 
Geographic Resource Analysis Support System 
(GRASS Ver. 4) with r.le add-on programs, and 
Fragstats (Ver 3.1) software (Baker 1997). Land­
scape variables may be correlated with each oth­
er, thus we selected the fewest that adequately 
described important characteristics of study sites 
(Alberti et al. 2001, Rohila 2002). We selected 
a subset of thirteen sites in a stratified-random 
fashion from the 49 sites to study cavity-nesting 

Forest Mean patch size (ha) 
aggregation 

Contagion index Urban Forest 

0.16-0.89 0.59-0.98 0.1-1.6 2.3-86.0 
0.10-0.47 0.33-0.71 0.3-2.6 0.2-1 .8 
0.09-0.82 0.00-0.95 1.8-89.7 0.0-5.0 

0.29-0.89 0.79-0.98 0.1-1.4 2.5-30.6 
0.09-0.82 0.00-0.95 0.5-91.5 0.0-5.1 

bird productivity (Fig. 1). We used fewer sites 
because of the much greater effort necessary for 
territory mapping. 

We quantified two additional variables after 
site selection for use in regression models. For­
est aggregation (probability that "forest" pixels 
are adjacent) measured the connectivity of for­
ested portions of the site. Mean age of the built 
portion of each site, determined using 2001 King 
and Snohomish County parcel databases and as­
sessor's information, indicated the duration of 
residential development in the site. Mean ages 
ranged from 2 to 84 years (mean = 28.5 :t 2.8 
years, n = 49). 

The sites we chose were also representative 
of their immediately surrounding areas (Fig. 2). 
To make sure no sites where we spot-mapped 
birds were biased (e.g., for higher bird densities) 
by uncharacteristically large or small tracts of 
forest adjacent to the site, we correlated the 
amount of forest inside the l-km2 site to the 
amount contiguous with the sites. The amounts 
of forest in, and contiguous to, the sites were 
significantly related (r = 0.56, df = 13, P < 
0.05). The area of additional forest measured for 
each site varied (0 to 31 km2), depending on the 
extent of the forest contiguous with that site. 

DATA COLLECTION 

Snags. In late summer and fall of 2000 and 
200 I, we completely censused the built portion 
of each site, and surveyed the forest portion us­
ing 3-11, randomly placed, 0.09-ha circular 
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FIGURE 2. Digital orthophotos of three Seattle, Washington study sites to illustrate three landscape ecology 
variables: percent of forest versus urban land cover, patch size, and contagion. Low values of contagion indicate 
land cover types are interspersed, high values indicate land cover types are aggregated. Low values of forest 
aggregation indicate that forest is interspersed with other land cover types, high values indicate forest is aggre­
gated. Variables were calculated using three land cover types: urban, forest, and urban-forest (Botsford 2000) 
as defined in the text. Satellite images are in two scales (study site [1-km2] and surrounding context) for (A) 
Highly urbanized: contagion = 0.82, forest aggregation = 0; forest = 0%, urban = 95%, urban forest = 5%; 
mean urban patch size = 84 ha; (B) Highly interspersed: contagion = 0.09; forest aggregation = 0.71; forest 
= 27%, urban = 38%, urban-forest = 35%; mean forest patch size = 3.2 ha; mean urban patch size = 3.3 ha; 
and (C) Highly forested: contagion = 0.44, forest aggregation = 0.89; forest = 71 %, urban = 3%, urban-forest 
= 25%; mean forest patch size = 23 ha, mean urban patch size = 0.2 ha. 
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plots. If forested portions were <1 ha (n = 5), 
we censused snags. If snags in the built portions 
were inaccessible (behind fences) we estimated 
all parameters. The number of forest survey 
points per site was determined by obtaining a 
minimum number of snags (n = 10) in each of 
three size groups. We divided snags into diam­
eter at breast height (DBH) groups based on re­
quirements for nesting by different bird species: 
small snags (8-24.9 cm), medium snags (25-
39.9 cm), and large snags (>40 cm). 

We collected density (snags per hectare) and 
characteristics of all snags >8 cm DBH within 
the circular plot. We defined snags as completely 
dead trees and live trees with fewer than four 
live primary branches or with only live shoots. 
We identified the tree species, measured DBH, 
visually estimated height, and placed each snag 
in a decay class (after Bull et al. 1997) from 1 
(hard) to 3 (soft). We visually estimated top con­
dition (broken or intact), percent tree lost, re­
maining percentage of bark, and the presence 
and type of heart- and sapwood decay fungi 
(Bull et al. 1997). We quantified previous cavity­
nesting bird use of snags by identifying and 
counting existing cavities excluding starts (Bull 
et al. 1997). 

Live trees. Live trees were defined as trees >8 
cm DBH with greater than four live primary 
branches. We surveyed live trees using four to 
eight randomly located 0.09-ha circular plots in 
the built portions, and within all survey plots in 
the forested portions. We counted all live trees 
and recorded their species, and selected a sample 
of eight live trees in each plot to measure DBH 
by taking the nearest tree to the center point in 
eight compass directions (N, NE, E, SE, S, SW, 
Wand NW). We calculated live tree densities 
(trees ha- 1), percent of each species, and mean 
DBH. 

Birds. We searched for territories and nests of 
eight species of native cavity-nesting birds 
(Black-capped and Chestnut-backed Chickadees 
[Poecile atricapillus and P. rzifescens] , Red­
breasted Nuthatches [Sitta Canadensis], Red­
breasted Sapsuckers [Sphyrapicus rubber], 
Hairy [Picoides villosus] , Downy [P. pubes­
cens], and Pileated [Dryocopus pileatus] Wood­
peckers, Northern Flickers [Co/aptes auratus] , 
and Brown Creepers [Certhia americana], a 
bark flake-nesting species. From April through 
July 2001, we used a modified behavioral map­
ping technique (The International Bird Census 

Committee 1970), nest searching (Ralph et al. 
1993), and the Vickery index (Vickery et al. 
1992, Christoferson and Morrison 2001) on all 
nine species to sample the l-km2 site for species 
richness, evenness, density, and productivity. We 
spent equal effort (time) at each site, attempting 
to cover as much area as possible in both built 
and forested portions throughout the breeding 
season. Total area surveyed differed among sites 
(22 to 100 ha, mean = 52 :± 7 ha) because great­
er areas could be covered in sites with mostly 
built portions than in sites of mostly forest. Pro­
ductivity for each species per site was deter­
mined by the average Vickery rank of all terri­
tories of that species. The Vickery method re­
quired observing bird behavior on territories to 
determine breeding status and success. Vickery 
ranks range from 1 (single bird) to 5 (successful 
fledging) for single-brooded species and I to 7 
(successful fledging in two broods) for double­
brooded species. If a bird species was not pres­
ent at a site, we assigned the site Vickery rank 
of O. We combined territory mapping with the 
Vickery index because nests of the larger wood­
peckers were rare across the landscape, and ac­
cess barriers in the urban setting prevented find­
ing some nests but not observing parental be­
havior and fledglings. 

We surveyed each site at least every two 
weeks throughout the breeding season and vis­
ited each identified bird territory a minimum of 
six times (International Bird Census Committee 
1970). Behavior mapping and nest searching oc­
curred between dawn and 15:00 (PST) daily, 
maximizing the morning hours for mapping and 
afternoon hours for nest searching and monitor­
ing. For additional methodology on territory 
mapping and nest searching see Rohila (2002). 

We gathered characteristics of snags used for 
nesting in 2000, when only nest-searching tech­
niques were used, and in 2001 during territory 
mapping. We were able to combine data from 
two years because no birds ever used the same 
cavities more than once either between years or 
within the same year. 

STATISTICAL ANALYSES 

We completed all statistical analyses using SPSS 
10.0.5 software (SPSS 1999). To meet assump­
tions of normality and equal variances, we trans­
formed all percentages or proportions using arc­
sine square root, and transformed mean urban 
patch size using log 10 (Zar 1996). In cases 
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where assumptions of parametric tests were not 
met even after transformation, we used nonpara­
metric methods and noted these accordingly. All 
data are reported as means ± SE. 

We compared snag densities (n = 37 sites) 
and snag characteristics (n = 33 sites) between 
forest and built portions using paired t-tests. We 
assessed the correlations between landscape var­
iables (percent forest, forest aggregation, mean 
urban patch size) and site variables (mean age 
of built portion, live tree density, live tree DBH) 
with snag densities and snag characteristics us­
ing full factorial general linear models. We re­
ported models with the highest adjusted R2 val­
ue, and all P-values. 

We used full factorial general linear models 
tQ assess the correlations of landscape variables 
(contagion, percent forest, and their interaction 
[where land covers were interspersed, but forest 
remained contiguous D, and snag density with 
bird species richness, evenness, density (or pres­
ence and absence when samples were small), 
and productivity. We combined medium and 
large snag groups for the analyses with birds be­
cause the results were the same when analyzed 
individually. We report models with the highest 
adjusted R2 and all P-values. 

We compared the characteristics of snags used 
for nesting to those of all snags measured at the 
sites. We compared mean DBH, mean height, 
and mean percent bark remaining using the nor­
mal deviate (Z-score) following Zar (1996). We 
compared frequency of nest snags that were of 
each decay class, had a broken top, other cavi­
ties, conks, or other fungus using Chi-squared 
analysis (X2) with the Yates continuity correction 
(Zar 1996). We also tested use of snag species 
(red alder, other deciduous, and coniferous) us­
ing X2 analysis. 

We first analyzed all bird species separately 
then combined them according to similar pref­
erences to increase sample size. We grouped all 
large ·woodpeckers (n = 23 nests) except Red­
breasted Sapsuckers; they appeared to select dif­
ferent snags than the other large primary exca­
vators, but sample size was too small to report 
that species' results (n = 6 nests). We analyzed 
three species separately because they had ade­
quate sample size: Chestnut-backed Chickadees 
(n = 17), Black-capped Chickadees (n = 21), 
and Brown Creepers (n = 22), and did not an­
alyze Red-breasted Nuthatches due to small 
sample size (n = 3). 

RESULTS 

SNAGS AND TREES 

Densities. Densities of snags and live trees in 
forested portions were significantly greater than 
in built portions, regardless of snag DBH group 
(Snags: small, t36 = 10.2, P < 0.001, medium, 
t36 = 9.6, P < 0.001, and large, t36 = 9.9, P < 
0.001; Trees: XCOTest = 28.6 ± 1.1, Xbuilt = 8.9 ± 
1.0; t36 = -13.5, P < 0.001; Fig. 3). In fact, 
densities of snags in forested portions were 
comparable to densities found in wildlands 
(Fig. 3). Snag density was consistently and pos­
itively correlated with live tree density in for­
ested and built portions (Table 2). Densities of 
large snags in forested portions were positively 
correlated with the mean age of the built por­
tion. The density of snags in forested portions 
was not strongly correlated with snag density 
in built portions, regardless of DBH (P > 0.1 
in all cases). Densities of snags in all DBH 
groups except medium-sized snags in forest 
portions were correlated with landscape or site 
variables; however, much variation was left un­
explained (Table 2). 

Characteristics. Mean DBH of snags in for-:­
ested portions was positively correlated with 
forest aggregation, mean age of the built por­
tion, and DBH of live trees (Table 2). Mean 
DBH of snags in built portions was negatively 
correlated with percent forest and mean urban 
patch size. Snags in forested portions became 
more decayed with mean age of the built por­
tion and percent forest. Decay of snags in built 
portions was positively correlated with percent 
forest within the l-km2 sampling site. Percent­
age of snags in forested portions with broken 
tops was positively correlated with mean age of 
the built portion and percent forest. Percentage 
bark remaining for snags in built portions was 
positively correlated with mean age of the built 
portion, and negatively correlated with percent 
forest. 

Differences in live tree and snag characteris­
tics between the forested and built portions were 
few. Snags occurred within the forested portions 
of all but two sites; those were completely man­
icured small parks. Only four sites had no snags 
within the built portions. Mean DBH of live 
trees was larger in forested portions (40.1 cm ± 
1.4) than in built portions (30.1 cm ± 1.5; t36 = 
5.1, P < 0.001). Snags in forested portions were 
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FIGURE 3. Densities of snags (number of snags per ha) in forested (n = 37) and built (n = 49) portions of 
Seattle area study sites for 2000-2001, data from both years combined. Snags were grouped by diameter at 
breast height (DBI-!) based on nesting requirements for different bird species: small snags (8-24.9 cm), medium 
snags (25- 39.9 em), and large snags (>40 cm). Numbers above bars are sample sizes (snags). For comparison, 
unfilled bars represent snag densities from two recent studies in wildland settings: (A) Aubry and Raley (2002), 
and (B) Ohmann and Waddell (1999). All data are presented as means ± 2 SE. 

more decayed on average (2.0 ± 0.02) than in 
built portions (1.8 ± 0.07; t32 = 2.8, P < 0.05). 

Sixteen different species of snags were iden­
tified. ,Most were red alder (50% of 977 mea­
sured snags), big-leaf maple (14%), Douglas fir 
(12%) and western hemlock (12%). Other spe­
cies represented 5% or less of the snags sur­
veyed. 

CAVITY-NESTING BIRDS 

Community composition. Richness increased 
with increasing interspersion of all land cover 
classes (decreasing contagion), if forest re­
mained highly aggregated (Table 2). Evenness 
had the same relationship with landscape attri­
butes as did richness, but much less variation 
was explained (Table 2). Four sites used by all 
nine species had 27% to 60% forest and 40% to 
73% urban and urban-forest land cover, with low 
values of contagion (0.09 to 0.29), but high val­
ues of forest aggregation (0.69 to 0.82), similar 
to what is depicted in Figure 2B. The two most 
urban sites (0% forest, e.g., Fig. 2A.) only had 
two or three species (Chestnut-backed and 
Black-capped Chickadees, and Northern Flick­
ers). 

Densities. In 2002, we found 321 territories 
in both the forest and built portions of sites (Ta­
ble 3). Density or occurrence of each species 
was significantly related to landscape or site var­
iables (Table 2). Landscape variables were most 
important to eight of nine species. Interspersion 
of land cover (low contagion) was associated 
with higher densities of both chickadee species, 
Northern Flickers, and Red-breasted Nuthatches. 
Higher percent forest was associated with higher 
densities of Brown Creepers, Chestnut-backed 
Chickadees, and Hairy and Pileated Woodpeck­
ers. Brown Creepers and woodpeckers were 
most abundant at the three sites with highest per­
centages of forest cover and largest forest patch 
sizes. 

Cavity-nesting birds had lower densities at 
our sites than in forests managed for timber 
products far from human development (Fig. 4). 
Bird densities throughout our l-km2 sites (built 
and forested portions combined) were 2.2 times 
(Brown Creeper) to 8.2 times (Pileated Wood­
pecker) less than densities in managed forests. 
Within the forested portions of our sites, only 
Brown Creeper density was similar to managed 
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TABLE 2. Results of stepwise multiple regression of landscape and site variables on snag densities and snag 
characteristics (2000 and 2001 data combined), bird density and productivity- (2001) in the greater Seattle area. 
Binomial logistic regression was used for Downy and Pileated Woodpeckers' presence and absence because of 
low sample sizes. Only significant models are reported, and variables contributing to that model are listed in 
their order of importance with their coefficient. Important landscape variables (percent lana cover, mean patch 
size, contagion, forest aggregation index, and the interaction of forest and contagion; see text for details) describe 
the amount of land cover types and their arrangement. Important site variables (mean age of built portions, live 
tree density, snag density, live tree DBH) describe local conditions. We grouped snags by diameter at breast 
height (DBH) based on requirements for nesting by different bird species: small snags (8.0-24.9 cm), medium 
snags (25.0-39.9 cm), and large snags (>40 cm). 

Snag density 
Forest portion 

Built portion 

Snag characteristics 
Forest portion 

Built portion 

Bird richness and evenness 
Richness 

Evenness 

small DBH 

large DBH 

small DBH 

medium DBH 

large DBH 

DBH 

broken top 

decay class 

percent bark 
remaining 

DBH 

decay class 
percent bark 

remaining 

Bird density or presence/absence 
Brown Creeper 

Important 
variables 

site 

site 

site 

landscape 

site 

both 

both 

both 

both 

landscape 

landscape 
both 

landscape 

landscape 

both 

Model 
variables and 
coefficients 

0.45 live tree den­
sity 

0.11 mean age of 
built + 0.18 
live tree density 

0.03 live tree den­
sity 

0.004 percent for­
est 

0.01 live tree den­
sity 

0.29 live tree 
DBH + 0.19 
forest aggrega­
tion + 0.16 
mean age of 
built 

0.28 mean age of 
development + 
0.14 percent 
forest 

0.004 percent for­
est + 0.01 mean 
age of built 

-0.08 mean age 
of built + 0.11 
percent forest-
0.18 forest ag­
gregation 

-0.24 percent for­
est-3.29 urban 
mean patch size 

0.01 percent forest 
0.23 mean age of 

built-O.15 per-
cent forest 

p 

0.01 

0.02 

<0.01 

<0.01 

<0.01 

<0.01 

0.01 

0.01 

0.05 

0.04 

0.02 
<0.01 

-0.12 contagion <0.01 
+ 0.08 forest X 
contagion 

-0.17 contagion 0.05 
+ 0.16 forest X 
contagion inter-
action 

0.003 percent for- <0.01 
est + 0.01 snag 
density 

R2 adj. n 

0.16 

0.16 

0.18 

0.25 

0.13 

0.31 

0.19 

0.19 

0.15 

0.11 

0.13 
0.29 

0.84 

0.33 

0.69 

37 

37 

49 

49 

49 

35 

35 

35 

35 

45 

45 
45 

13 

13 

13 
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TABLE 2. Continued. 

Model 
Important variables and 

R2 adj. variables coefficients P n 

Red-breasted Sapsucker site 0.01 snag density <0.01 0.58 13 
Black-capped Chickadee landscape -0.01 contagion 0.01 0.59 13 

+ 0.01 forest X 
contagion inter-
action-O.Ol per-
cent forest 

Chestnut-backed Chickadee landscape -0.002 contagion 0.03 0.42 13 
+ 0.003 percent 
forest 

Hairy Woodpecker landscape 0.001 percent for- <0.01 0.58 13 
est 

Northern Flicker landscape -0.002 contagion 0.04 0.26 13 
Red-breasted Nuthatch landscape -0.002 contagion 0.01 0.42 13 
Downy Woodpecker landscape -0.09 contagion 0.02 0.33 13 
Pileated Woodpecker landscape 2.63 percent forest <0.01 0.58 13 

Bird productivity 
Brown Creeper both -0.09 percent for- <0.01 0.88 13 

est-O.12 conta-
gion + 0.17 for-
est X contagion 
interaction + 
0.07 snag 
density 

Red-breasted Nuthatch both -0.14 percent for- 0.04 0.52 13 
est-O.12 conta-
gion + 0.14 for-
est X contagion 
interaction + 
0.33 snag 
density 

Red-breasted Sapsucker both - 0.03 contagion 0.05 0.35 13 
+ 0.35 snag 
density 

Northern Flicker landscape -0.09 contagion <0.01 0.55 13 
Pileated Woodpecker landscape -0.065 contagion 0.04 0.28 13 

forests. Other species were 1.4 times (Northern 
Flicker) to 2.8 times (Pileated Woodpecker) 
more abundant in managed forests. 

Reproductive success. Most cavity nesters in 
our study reproduced successfully. Overall, 211 
of the 321 territories (66%, all species com­
bined) successfully fledged young (Table 3). 
This number included all territories, even those 
with single birds only. Of the 117 nests found, 
77% were successful (Table 3). Causes of nest 
failure were: snag fell (n = 1), nest trees were 
cut down during construction (n = 2), abandon­
ment (n = 3), competition from European Star­
lings (Sturnus vulgaris; n = 5; three of the six 
failed Northern Flicker nests and two Red­
breasted Sapsucker nests), predation (n = 6) and 
unknown (n = 9). 

Productivity of five species was significantly 
associated with landscape variables and snag 
density (Table 2). In all five species, higher pro­
ductivity was related to higher interspersion of 
land cover (low contagion). Productivity of 
Brown Creepers and Red-breast~d Nuthatches 
was highest where the percent of forest was low 
but aggregated, and snag densities were high. 
Land cover was not related to productivity of 
either species of chickadee or Hairy Woodpeck­
ers because their success was high at all sites. 

Nesting substrates. All species nested most 
often in snags (90 of 117 nests), but some spe­
cies also nested in live (defined as trees ~50% 
live) or artificial substrates (nest boxes, built 
structures). Nests were most common in snags 
of red alder (52%), big-leaf maple (11 %), west-
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TABLE 3. Cavity-nesting bird density (number of territories per ha), productivity (Vickery index per territory), 
and nest success in 13 study sites in the greater Seattle area. Territories were found in 2001 (n = 321) and nest 
data in 2000 (n = 26) and 2001 (n = 91). Unless otherwise indicated, species were observed within both the 
built and forested portions of each site. Downy and Pileated Woodpecker territory densities were too low to be 
used in analyses so presence and absence was used instead. Nests and territories where at least one fledgling 
was produced were classed "successful." 

Territories (2001) Nests 

Density Average 
(2000 and 2001) 

n (Number (territories Percent vickery Percent 
ha- l ) Species of sites) success ranka n success 

Black-capped Chickadee 90 (13) 0.04--0.26 76 4.0 ± 0.2 29 86 
Brown Creeper> 61 (11) 0.02--0.26 57 3.7 ± 0.2 27 59 
Chestnut-backed Chickadee 79 (13) 0.01--0.32 78 4.4 ± 0.1 25 88 
Hairy Woodpeckerb 15 (10) 0.02--0.10 88 4.3 ± 0.4 9 100 
Northern Flicker 23 (7) 0.02--0.18 51 3.5 ± 0.3 10 40 
Red-breasted Nuthatch 27 (8) 0.03--0.13 49 3.0 ± 0.3 3 100 
Red-breasted Sapsucker 8 (5) 0.02--0.07 70 4.5 ± 0.4 10 80 
Downy Woodpeckerb 6 (6) NA 33 2.8 ± 0.7 3 100 
Pileated Woodpecker 12 (11) NA 45 3.0 ± 0.5 1 100 

a Vickery scores are based on bird behavior and range from 1 (single bird present >4 wks) to 5 (successful 
fledging) for single-brooded species and 1 to 7 (successful fledging in two broods) for double-brooded species. 
Average Vickery rank in this table is the average for all territories ± SE. For analysis, if birds were not present 
at a site, their Vickery rank for that site was o. 

b Species was observed only the forested portion of each site. 

em hemlock (11 %), and Douglas fir (6%), Of 
the 20 live trees used, 10 were big-leaf maple, 
a tree species that contains many natural cavities 
or dead branches, seven were red alder (six of 
these had broken tops) and three were other spe­
cies with natural cavities. We observed Red­
breasted Sapsuckers using live trees more fre­
quently than other bird species: 40% of the time, 
in red alder (n = 10). 

All species of birds used snags with certain 
characteristics more often than expected based 
on their occurrence in our sample of 977 snags 
(P < 0.1). All species nested in snags that were 
more decayed on average (mean rank = 2.09 
[Woodpecker group], 2.25 [Chestnut-backed 
chickadees], 2.33 [Black-capped Chickadees], 
and 2.00 [Brown Creeper]) than those we sam­
pled (mean rank = 1.85). Presence of previously 
used cavities was associated with all species ex­
cept Brown Creeper. Woodpeckers nested in red 
alder and Chestnut-backed Chickadees nested in 
coniferous snags more often than other species 
of snags. Woodpeckers nested in snags with 
greater mean DBH (38.3 cm ± 0.7; expected = 
27.6 cm ± 0.5), and woodpeckers and Brown 
Creepers nested in taller snags than expected by 
chance. Chestnut-backed Chickadees nested in 
snags with more bark remaining and with more 
conk fungus more often than expected; both are 

indicators of decay. Woodpeckers and Black­
capped Chickadees nested in broken-top snags 
more often than expected. Brown Creepers nest­
ed in snags with any kind of fungus less often 
than expected by chance. Rohila (2002) provides 
details and test statistics not reported here. 

DISCUSSION 

SNAGS 

Retaining portions of second growth forest in a 
rapidly urbanizing region appears to be an ef­
fective way to provide breeding sites for a di­
versity of cavity-nesting birds. Forested portions 
,of neighborhoods provided snag densities equiv­
alent to those in wildlands (Ohmann and Wad­
dell 1999, Aubry and Raley 2002); some of 
which were of high quality to cavity-nesting 
birds because of their large size and advanced 
state of decay. On the other hand, built portions 
of the landscape provided few snags. Recruit­
ment of snags in forested habitats appears func­
tional, at least in the short-term, as density of 
large snags in forested portions of neighbor­
hoods was positively correlated with mean age 
of built portions. However, if the death of large 
trees out-paces the growth of live trees, large 
snags may become rare. Snag recruitment in for­
ested portions of neighborhoods appears sustain-
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FIGURE 4. Densities of six species of cavity-nesting birds in Seattle area study sites from 2001 compared to 
densities in the managed forest of the Olympic Peninsula (unfilled bars; Zamowitz and Manuwal 1985). Data 
are presented as mean number of pairs per 40 ha ± SE. Hatched bars represent pairs from this study from entire 
sites (built and forested portions combined; n = 13), and light grey bars represent pairs from this study from 
only the forest portion of sites (n = 11). 

able: where there were trees, there were snags. 
This was also true in built portions interspersed 
with high amounts of forest; densities of medi­
um-sized snags were higher than in built por­
tions interspersed with less forest. However, re­
cruitment of snags in densely built landscapes 
will remain very low due to the paucity of live 
trees. 

An important tree species in our study area 
was a fast growing, "weedy" colonist of dis­
turbed areas, the red alder (Franklin and Dymess 
1988). Alder was common, and was regularly 
and successfully used by cavity nesters. Its rapid 
growth and short life span quickly produced 
large diameter snags that may have helped main­
tain cavity-nesting bird populations in our study 
site. 

Snag longevity might be a concern within for­
ested portions. Individual snags decay and fall 
at differing rates depending on the species, di­
ameter, height, cause of death, and exposure to 
wind (Raphael and Morrison 1987). Red alder 
dominated snag species, and although they pro­
vide good nesting substrates, they last only a 
few years before falling (McComb 1994). This 
may not be a problem if snag recruitment (tree 
death) rate matches snag fall rate, however hu-

man activity or edge effects may alter these 
rates. Snag demographic studies are needed to 
understand snag dynamics in urban areas (Mor­
rison and Raphael 1993). 

CAVITY-NESTING BIRDS 

Our results confinn previous findings of lower 
densities of cavity-nesting birds in suburban ar­
eas (DeGraff and Wentworth 1986, Tilghman 
1987, Natuhara and Imai 1996). This appears to 
be due to urban growth and the conversion of 
forest to built areas containing few trees and 
even fewer snags. Within forested portions of 
the suburban landscapes we studied, snag den­
sity '-and quality was high as suggested by the 
lack of cavity reuse, rarity of competition with 
exotic species, and high nesting success. How­
ever, lower density of most species in forested 
portions of suburbs, relative to nearby managed 
forests (Fig. 4), suggests suburban forests may 
contain too little food, too many predators, or 
experience too much human disturbance to sup­
port dense populations of cavity-nesting birds. 

The fact that all nine species of cavity-nesting 
birds existed in suburban areas in and around 
Seattle, Washington may be a product of region­
al context. Although the Puget Sound region has 



690 CHRISTINA M. BLEWETT AND JOHN M. MARZLUFF 

been growing rapidly in the last 20 years, there 
remain many large expanses of forest in close 
proximity to urban centers, potentially acting as 
sources (Pulliam 1988) for birds sensitive to for­
est loss. This may include four cavity-nesting 
species (Brown Creeper, Red-breasted Nuthatch, 
Hairy Woodpecker, and Pileated Woodpecker) 
whose density or productivity was closely and 
positively associated with the percentage of for­
est in the landscape (Table 2). However, the im­
portance of the interspersion of forested and 
built area to the density and productivity of 
chickadees, Northern Flickers, and perhaps 
Downy Woodpeckers (Table 2) suggests that dis­
tant forests are not sources for all cavity-nesting 
birds. 

Interspersion of forested and built portions of 
a landscape clearly varies in its importance to 
different bird species. In accordance with our 
results, Moore (1995) found mixtures of built 
and forested areas important for Northern Flick­
ers. Donnelly (2002) found little influence of 
contagion on native forest songbird populations 
(shrub- and ground-nesting guilds) in and 
around our study sites. Rather, the percent forest 
and occurrence of native vegetation was most 
important. Cavity-nesting birds, especially 
woodpeckers, may be more responsive than oth­
er songbirds to the arrangement of forested and 
built areas because they have relatively large 
home ranges and regularly commute between 
forest nest sites and feeders providing seeds and 
suet in yards. 

MANAGEMENT RECOMMENDATIONS 

The importance of snag density and l-km2-scale 
landscape attributes (amount of remaining for­
est, and interspersion of forest and built areas) 
to cavity-nesting birds differe'd by species, sug­
gesting that conservation of this guild in areas 
of rapid urban development may need to be ad­
dressed at multiple scales and requires planners 
to make trade-offs between species. Fortunately, 
retaining forest and interspersing forest and built 
areas are not necessarily mutually exclusive. 
Sites with high interspersion of forest and urban 
areas require at least moderate amounts of for­
est: one site had 27% forest and contained all 
nine species of birds. This site was 30-years old, 
which suggests that this amount of forest can 
maintain cavity-nesting bird populations follow­
ing development. 

Variety in development pattern may become 
increasingly important as large areas of forest 
are developed. To increase densities and repro­
ductive success of all species, different patterns 
of developments with differing amounts of per­
cent forest would be prudent. For example, plan­
ners in the Pacific Northwest should design 
some developments that retain at least 60% for­
est for every 100 ha developed, where mean for­
est patch sizes are 20-30 ha, and some that have 
27% to 60% forest in a variety of patch sizes 
interspersed with urban areas. Forested parks 
(700/0--96% forest; large mean forest patch sizes 
23-30 ha; very small mean urban patch sizes 
0.14 to 0.74 ha) would complement these urban 
areas for the benefit of cavity-nesting birds. 
When deciding which forest areas to conserve, 
we recommend targeting conservation efforts to 
areas with high densities of existing snags (>8 
snags 2:25 cm DBH ha-1), and live trees (>318 
trees ha- 1). These management suggestions 
would also provide the diversity of forest con­
ditions used by mature and early-successional 
forest songbirds (Donnelly 2002, Donnelly and 
Marzluff 2004). 

Simply conserving forest may not be adequate 
if snags are removed or altered, or if the forest 
areas are degraded by human activity (Matlack 
1993, Marzluff and Ewing 2001). Active man­
agement may be needed within built portions of 
suburban landscapes to conserve snags with 
characteristics important to cavity-nesters. Based 
on snags used by cavity-nesting birds in our 
study, efforts should be made to conserve all 
snags that are large in diameter (minimum of 
30-40 cm), more decayed (class 2), red alder 
and coniferous species, taller (> 18 m), with bro­
ken tops, with some bark remaining, with conk 
fungus, and containing other cavities. These rec­
ommendations are similar to those of managed 
forest landscapes (Harestad and Keisker 1989, 
Huff and Raley 1991, Dobkin et al. 1995, 
McClelland and McClelland 2000). 

Conserving cavity-nesting birds in urbanizing 
areas ultimately will require the efforts of a di­
verse public. Planners, developers, policy mak­
ers, and managers could provide the landscapes 
and conserve the snags in forests as we suggest, 
but individual homeowners and homeowner or­
ganizations also need to know about the impor­
tance of snags. These individuals often manage 
forests within and near built areas that support 
many cavity-nesting bird species. Retaining un-
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sightly, recently dead trees that pose little safety 
risk, allowing snags to decay and fall where they 
will not harm property or endanger people, trim­
ming dead trees near valuable property to reduce 
the chances and consequences of deadfall, and 
replacing lost snags with appropriate nest boxes 
would all increase our ability to safely live with 
dead trees and enhance the productivity of cav­
ity-nesting birds. 
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