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bstract

Appropriately designed, greenways may provide habitat for neotropical migrants, insectivores, and forest-interior specialist birds that decrease
n diversity and abundance as a result of suburban development. We investigated the effects of width of the forested corridor containing a greenway,
djacent land use and cover, and the composition and vegetation structure within the greenway on breeding bird abundance and community
omposition in suburban greenways in Raleigh and Cary, North Carolina, USA. Using 50 m fixed-radius point counts, we surveyed breeding bird
ommunities for 2 years at 34 study sites, located at the center of 300-m-long greenway segments.

Percent coverage of managed area within the greenway, such as trail and other mowed or maintained surfaces, was a predictor for all development-
ensitive bird groupings. Abundance and richness of development-sensitive species were lowest in greenway segments containing more managed
rea. Richness and abundance of development-sensitive species also decreased as percent cover of pavement and bare earth adjacent to greenways
ncreased. Urban adaptors and edge-dwelling birds, such as Mourning Dove, House Wren, House Finch, and European Starling, were most common
n greenways less than 100 m wide. Conversely, forest-interior species were not recorded in greenways narrower than 50 m. Some forest-interior
pecies, such as Acadian Flycatcher, Hairy Woodpecker, and Wood Thrush, were recorded primarily in greenways wider than 100 m. Others, includ-
ng ground nesters such as Black-and-white Warbler, Louisiana Waterthrush, and Ovenbird, were recorded only in greenways wider than 300 m.
Landscape and urban planners can facilitate conservation of development-sensitive birds in greenways by minimizing the width of the trail and
ssociated mowed and landscaped surfaces adjacent to the trail, locating trails near the edge of greenway forest corridors, and giving priority to the
rotection of greenway corridors at least 100 m wide with low levels of impervious surface (pavement, buildings) and bare earth in the adjacent
andscape.

2006 Elsevier B.V. All rights reserved.
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. Introduction

There is increasing recognition that landscapes dominated by
uman populations cannot be ignored in the quest to conserve
iodiversity (Dale et al., 2000; Miller and Hobbs, 2002). Most

f the increase in human population for the coming decades is
xpected to occur in and around urban areas (United Nations,
004). Some 150 major cities around the world are located near
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iodiversity hotspots (Myers, 1990; Cincotta and Engelman,
000), and in the United States urbanization is a primary cause
or species decline (Czech et al., 2000). As human populations
pread, people convert forests, grasslands, and wetlands into
eveloped landscapes of residential, commercial, institutional,
r industrial buildings and associated infrastructure. This land
se change alters wildlife habitat and can lead to endangerment
nd local extinction of numerous species (Dale et al., 2000;
iller and Hobbs, 2002).
Native bird species richness typically declines as the den-

ity of human development increases (Nilon et al., 1994;
riesen et al., 1995; Savard et al., 2000). These effects are

een in areas developed at even relatively low “exurban”
ensities (<0.25 houses/ha) and become increasingly appar-
nt at suburban (2.5–10 houses/ha) and urban (>10 houses/ha)
evels (Lancaster and Rees, 1979; Beissinger and Osborne,

mailto:chris_moorman@ncsu.edu
dx.doi.org/10.1016/j.landurbplan.2006.07.002
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982; DeGraff, 1987; Blair, 1996, 2004; Melles et al., 2003;
raterrigo and Wiens, 2005). As development density and habi-

at fragmentation increase, bird community structure shifts
rom development-sensitive specialists to development-adaptive
eneralists (Nilon et al., 1994). Bird communities in urban
nvironments are characterized by high abundances of exotic
pecies, resident granivores and omnivores, and few insectivo-
ous, migrant species. Conservation efforts that focus on pro-
ecting habitat and resources for development-sensitive species,
uch as neotropical migrants, insectivores, and forest-interior
pecialists, are most likely to succeed in conserving native bird
iversity in developed landscapes.

Greenways have become a popular means of mitigating
ome of the negative effects of development, with hundreds
f projects completed or underway in North America (Searns,
995; Jongman and Pungetti, 2004; Bryant, 2006). “Greenway”
s a generic term used to refer to linear protected lands com-
osed of natural vegetation, or at least vegetation that is more
atural than in surrounding areas (Smith and Helmund, 1993).
reenways provide a range of benefits, including recreation and

ransportation, urban beautification, increased property value,
evelopment buffers, floodplain protection, preservation of his-
orical, cultural, and environmental resources, and wildlife habi-
at (Ahern, 1995; Fabos, 1995; Searns, 1995; Jongman and
ungetti, 2004). Although often stated as a benefit of greenways

n urban and suburban settings, the contribution of greenways
o wildlife conservation is unclear (Schiller and Horn, 1997;
inclair et al., 2005). If urban and landscape planners are to
uccessfully incorporate the needs of wildlife into greenway
lanning, design, and management, they must know which char-
cteristics and environmental factors contribute to a greenway’s
ildlife habitat value. Ecologists and conservation biologists can

lay an important role in this endeavor by conducting research
n wildlife–greenway relationships and disseminating their find-
ngs among land use planners (Miller and Hobbs, 2000; Broberg,
003; Jongman and Pungetti, 2004).

t
p
u
C

Fig. 1. Distribution of greenway segments in Rale
n Planning 80 (2007) 153–164

Research to date suggests that greenway width, habitat qual-
ty within the greenway, and adjacent land use and cover are
ikely the dominant factors affecting a greenway’s value as
ildlife habitat (Schiller and Horn, 1997; Rottenborn, 1999;
anifold, 2001; Rodewald and Bakermans, 2006). In the United

tates, these factors are regulated, to varying degrees, by munic-
pal and county governments through planning and zoning pro-
esses. Research findings on the effect of these factors on the
uality of wildlife habitat can be applied by governments and
ther organizations during the planning, design, and manage-
ent of greenways, and when designating adjacent zoning dis-

ricts.
Our objectives were (1) to determine how forested corridor

idth, adjacent land use and cover, and greenway vegetation
tructure and composition affect avian community composi-
ion in greenways, and (2) to develop recommendations for
he design and management of urban greenways as habitat for
evelopment-sensitive birds such as neotropical migrants, insec-
ivores, and forest-interior specialists.

. Methods

.1. Study area

We studied greenways in the cities of Raleigh and Cary,
orth Carolina, USA (Fig. 1). Raleigh and Cary are part of

he Triangle Region of North Carolina, within the larger phys-
ographic region of the Central Appalachian Piedmont. This
egion consists mostly of urban–suburban land use within a
orest–agriculture mosaic. In recent decades, population growth
ithin the region has resulted in urban and suburban growth,

eplacing forests and fields with residential, commercial, institu-

ional, and industrial development and infrastructure. The urban
opulation in the region increased by 200%, and the area of
rbanized land increased by 900% during 1950–1990 (North
arolina Chapter of the American Planning Association, 2002).

igh and Cary, North Carolina, USA (2002).
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ig. 2. Forested corridor width and landscape context were measured for each
erpendicular to the greenway orientation and context was measured in two 300

.2. Study site selection: forested corridor width and
djacent land use

We sampled birds in 34 forested “segments” of publicly-
wned greenway, each 300 m long and separated by at least
5 m. All greenway segments were mature-forest, riparian corri-
ors bisected by a stream or river (minimum stream width = 1 m;
aximum = 40 m; mean = 6.59 m). The 34 greenway segments
ere selected to ensure a distribution of samples across a broad

ange of forested corridor width (minimum = 32.5 m; maxi-
um = 1300 m; mean = 207.57 m) and adjacent land use com-

inations. We selected segments with relatively homogenous
idth and similar land use on both sides. Categories of adjacent

and use we sampled were low-density residential (≤7.5 lots/ha),
igh-density residential (>7.5 lots/ha), and office/institutional,
orresponding to zoning categories in Raleigh and Cary. A
reenway’s width was considered to be the width of the forested
orridor including the stream and both sides of the waterway,
hich sometimes extended beyond the legal or protected bounds
f the greenway. Greenway forested-corridor width and adja-

ent land use were determined using digital aerial photogra-
hy and land-use and zoning maps. Digital data were obtained
rom Wake County, the City of Raleigh, and the Town of Cary
Fig. 2).

s
(
u

greenway segment using aerial photography in ArcGIS. Width was measured
300 m areas on either side of the forested corridor.

.3. Adjacent land cover

Because land cover varies within land use zones, we further
uantified the land cover adjacent to each segment by analyz-
ng 1999 leaf-off digital aerial photography. Two 300 m × 300 m
quares were drawn on either side of the study segments, adja-
ent and parallel to the forested corridor (Fig. 2). Each square
as populated with a systematic grid containing 100 points. At

ach point, we recorded the land cover in the following cat-
gories: canopy, pavement, building, lawn, water, agriculture,
nd bare earth. Because photography was leaf-off, we recorded
oints that fell within a deciduous tree crown as canopy. At points
here pavement, building, lawn, water, or agriculture could be

een beneath a tree crown or canopy, both land cover categories
ere recorded for that point. We used these observations to cal-

ulate the proportion of each land cover category adjacent to
ach study site.

.4. Bird surveys
Using 50 m fixed-radius point counts of 8 min duration, we
urveyed breeding birds from 15 May to 30 June 2002 and 2003
Ralph et al., 1993; Hamel et al., 1996). Point counts were sit-
ated at the midpoint of the 300 m segments, so the centers of
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ll count circles were separated by at least 375 m. Each point
ount center was located at the approximate center of the green-
ay segment’s forested corridor because our goal was to detect

ny forest-interior specialist species in the greenway. Counts in
ider greenways did not sample edge habitat and likely pro-
ided poor measures of edge-dwelling birds there. Conversely,
he 50 m radius count circles placed at the center of narrow green-
ays (<100 m) extended beyond the forest boundary often into

esidential or commercial grounds characterized by ornamen-
al landscapes and managed lawn. Therefore, point counts in
arrow greenways recorded the entire bird community within
he greenway, including edge-dwelling species and any forest-
nterior species present. At all segments, the point count included
r was adjacent to a stream, and would therefore be considered
iparian habitat. Segment centers were identified on aerial pho-
ography and were located and flagged in the field using a global
ositioning device. We recorded point count station coordinates
n the field using a global positioning device and verified the
ocations on aerial photography.

Two observers surveyed each segment a total of four times in
002 and one observer surveyed each segment twice in 2003. In
002, the two observers were rotated, so that each site was visited
wice by each of the observers. All 34 greenway segments were
isited before a new round of surveys began. All point counts
ere conducted in the mornings between 6:00 and 11:00 a.m.,

nd under fair weather conditions. The order in which segments
ere visited was rotated to avoid bias because of time of day.
ach site was visited during the early, mid-, and late morning
t some point during the study. Birds detected outside the 50 m
ount circle or flying over the plot were not included in analyses.
point count was discarded if disrupted by rain, strong gusts of
ind, construction or maintenance equipment, or any other sig-
ificant disturbance that made it difficult to hear birds. Because
ature forest was the surveyed habitat type at all segments, we

id not expect differences in detectability across sites.

.5. Guilds

Each bird species encountered during our research was
ssigned to foraging (breeding season), nesting, migratory, and
abitat guilds (Appendix A; Hamel et al., 1982; Ehrlich et al.,
988; Moorman and Guynn, 2001). We defined short-distance
igrants as those species with winter ranges that do not include

he Triangle Region of North Carolina, but do include some por-
ion on the southeastern region of the United States. We refer to
evelopment-sensitive species as those that fall in the neotropi-
al migrant, insectivore, or forest-interior guilds (DeGraff, 1987;
lair, 1996; Villard, 1998).

.6. Greenway composition and vegetation structure

We visited each greenway segment during September 2002 to
haracterize the greenway composition and vegetation structure

ithin the 50 m radius point count plot. We recorded greenway

omposition as the percentages of each 50 m radius plot cov-
red by mature forest, young forest, managed area, and stream.
e defined mature forest as any area covered by trees taller

c
c
o
a

n Planning 80 (2007) 153–164

han 6 m. Young forest included woody vegetation 1–6 m tall.
anaged area included mowed and maintained surfaces, roads,

arks, trails, and ball fields. Percent covers for each class (mature
orest, young forest, managed area, and stream) summed to
00% for each plot. Greenways with forested corridor widths
arrower than 100 m often had higher amounts of managed area
ecause the 50 m plots extended beyond the greenway bound-
ry onto the adjacent landscape. However, greenway width and
anaged area were not highly correlated (Pearson correlation

oefficient = −0.45), so these variables were treated indepen-
ently and in fact behaved differently in analyses.

All 50 m radius plots contained areas of mature forest cover,
nd most plots were dominated by this cover type. Within the
ature forest cover class, percent canopy cover, canopy height,

ercents pine and hardwood, percent vine cover, percent shrub
over, and percent ground cover were recorded. We visually esti-
ated percents vine cover, shrub cover, and ground cover for the
hole plot and recorded as 0 = absent, 1 = 1–20%, 2 = 21–40%,
= 41–60%, 4 = 61–80%, or 5 = 81–100%. We measured percent
anopy cover by standing at a single location within the mature
orest and averaging four spherical densiometer readings, one
n each cardinal direction. Percents pine and hardwood within
he mature forest cover were visually estimated to the nearest
hole number for the entire plot. We measured canopy height
y reading the height of the tallest canopy tree within the plot
sing a sonar hypsometer.

At each plot, we recorded distance from the plot center to the
tream edge and stream width. We recorded distance from the
lot center to the trail’s edge, trail surface type (paved, gravel, or
irt), trail width, and managed width. Managed width included
he trail and any mowed or maintained area adjacent to the trail.

e counted the number of snags within the 50 m radius plot,
efining snags as standing dead wood taller than 2 m and greater
han 10 cm in diameter.

.7. Data analysis

We calculated total species richness for each greenway seg-
ent as the total number of bird species recorded during each

ear, and guild species richness values were calculated as the
umber of species of a particular guild recorded during each
ear. Individual species abundances were calculated as the aver-
ge number of adult males of a species recorded during all visits
ithin a year. We calculated total bird abundance and guild

bundances as the sum of individual abundances. Because rela-
ionships between dependent and independent variables were
imilar between years, we performed all analyses on the aver-
ge abundance and richness values for the 2 years.

We tested for correlation among all independent variables,
ncluding forested corridor width, landscape context, and green-
ay composition and vegetation structure measures. Strong cor-

elation among independent variables would violate the assump-
ion of non-collinearity necessary for regression analysis. We

onsidered a pair of variables highly correlated if the Pearson
orrelation coefficient (r) was greater than 0.6. We removed
ne member of each pair of highly correlated variables, making
n effort to remove the variable which we considered less use-
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Table 1
Greenway forested corridor width, landscape context, and greenway composi-
tion and structure measures used in multiple regression analyses on total species
richness and abundance, and guild species richness and abundance measures
from Raleigh and Cary, NC greenways (2002–2003)

Variable Description

Corridor width Average width (m) of the greenway forested corridor

Landscape context (in two 300 m × 300 m areas adjacent to either side of
the segment)
Canopy Proportion of canopy
Building Proportion of building
Paved Proportion of pavement
Lawn Proportion of lawn cover
Earth Proportion of bare earth
Water Proportion of water

Greenway composition and structure
TrailDist Distance (m) from the point count center to trail edge
YoungFor Percent of count area covered in young forest (1–6 m)
Managed Percent of count area covered by human management

(lawn, trail, etc.)
StrWidth Width (m) of greenway stream or river
Hardwd Percent of the mature forest in count area composed of

hardwoods
CanHt Height (m) of tallest tree in count area as measured by

sonar hypsometer
Vine Index of percent vine cover in count area in 20%

intervals (1–5)
Shrub Index of percent shrub cover in count area in 20%

intervals (1–5)
Ground Index of percent ground cover in count area in 20%
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intervals (1–5)

ul in greenway planning and management. Distance to stream
r = 0.22) and distance to trail (r = 0.25) were not correlated with
orested corridor width; therefore, these variables likely did not
ontribute to differences in bird communities between narrow
nd wide greenways. The reduced set of independent variables
sed in analysis was average corridor width, six landscape con-
ext variables, and nine greenway composition and structure
ariables (Table 1). We performed backwards stepwise multi-
le regression on total bird abundance and species richness and
uild abundance and species richness values. All dependent vari-
bles were square-root transformed for regression analysis.

Because guilds represent a crude attempt to group bird species
ith similar life history traits, analyses using guilds can be

onfounded by individual species’ responses. For example, a
uild analysis may appear non-significant, because one species
ithin the guild may have responded positively to a treatment
hile another species responded negatively. The two species

n this case cancel each other out when lumped into a guild
lass. Therefore, we used Chi-square tests of independence to
etermine if the presence of an individual species was inde-
endent of greenway forested corridor width and adjacent land
se classes. Segments were classified in the following land use

lasses: low-density residential (≤7.5 lots/ha), high-density res-
dential (>7.5 lots/ha), and office/institutional. Previous studies
ave indicated thresholds in bird response to varying corridor
idths at approximately 50 m (Manifold, 2001; Dickson et al.,
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995), 100 m (Hodges and Krementz, 1996; Keller et al., 1993),
nd wider (Kilgo et al., 1998). Therefore, we assigned segments
o the following forested corridor width classes to reflect these
nown breakpoints and ensure even distribution of greenway
egments among classes: ≤50, 51–100, 101–150, 151–300 and
300 m (Table 2). The significance level for all statistical anal-
ses was set at α = 0.05.

. Results

We recorded 53 species during our point counts of breeding
irds (Table 2). Of these species, 38 were insectivores, 11 were
mnivores, 2 were carnivores, 1 was a granivore, and 1 was a
ectivore. There were 18 cavity nesters, 16 canopy nesters, 13
hrub nesters, 5 ground nesters, and 1 brood parasite. Thirty-one
f the species were year-round residents of the North Carolina
iedmont, 16 were neotropical migrants, 4 were short-distance
igrants, and 2 were exotic species. Nineteen of these species
ere classified in the interior-edge habitat guild, 17 as edge

pecialists, 11 as forest-interior specialists, 3 as water dwellers,
nd 3 as urban specialists.

Forested corridor width was retained only in the final model
or forest-interior richness. The number of these width-sensitive
pecies was highest in wider greenways (Table 3).

The amount of managed area within the greenway was the
ost consistently retained variable in regression models. Total

vian richness, neotropical migrant richness and abundance,
nsectivore richness and abundance, and forest-interior species
ichness and abundance all decreased with increasing amounts
f managed area within the greenway (Table 3). Percent hard-
ood overstory was the other consistently retained composition
ariable (Table 3). Total avian richness and abundance and insec-
ivore richness and abundance decreased as percent hardwood
ncreased. Neotropical migrant abundance and forest-interior
ichness increased as stream width increased. Three variables
epresenting adjacent land cover were retained in various final
odels (Table 3). Total bird abundance, neotropical migrant

ichness, and insectivore richness and abundance declined as
ercent of the adjacent landscape covered by pavement and
are earth increased. Forest-interior richness also declined with
ncreasing bare earth in the adjacent landscape. Neotropical

igrant species richness and abundance decreased with increas-
ng building coverage in the adjacent landscape. The relation-
hips between birds and vegetation structure were inconsistent
Table 3).

Although greenway forested corridor width was a predictor
or only forest-interior guild richness, the presence of several
ndividual bird species was dependent on greenway forested cor-
idor width (Table 2). No forest-interior species were recorded
n greenways ≤50 m wide, and Acadian Flycatcher (see scien-
ific names in Table 2), Hairy Woodpecker, and Wood Thrush
ere most commonly detected in greenways wider than 100 m.
ther forest-interior birds, including Black-and-white Warbler,

ouisiana Waterthrush, Ovenbird, Prothonotary Warbler, Scar-

et Tanager, and Yellow-throated Warbler, were recorded only in
ider (>300 m) greenways (Table 2). However, these species did
ot occur at a sufficient number of sites to statistically determine
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Table 2
Breeding bird species occurrences in greenway shown by adjacent land use and width classes (n), Raleigh and Cary, NC (2002–2003)
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Table 2 (Continued )

Adjacent land use abbreviations are: LDR = low-density residential (≤7.5 lots/ha), HDR = high-density residential (>7.5 lots/ha), OFC = office/institutional. Each
cell contains the number of segments in the corresponding greenway class in which the species was recorded during the 2002 and 2003 breeding seasons. aSpecies
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resence not independent of greenway width (P < 0.05). bSpecies presence not

f species presence was independent of greenway forested corri-
or width. Ground-nesting songbirds were rare in our segments.
venbird, Black-and-white Warbler, and Louisiana Waterthrush
ere the only ground-nesting songbirds recorded during point

ounts, and these species were found only in greenways wider
han 300 m. Several interior-edge species, including Blue-gray
natcatcher, Downy Woodpecker, and Red-eyed Vireo, also
ere most common in wider (>50 m) greenways. White-eyed
ireo was recorded only in greenways wider than 300 m. Indigo
unting, an edge species, only was detected in greenways wider

han 100 m.
European Starling, House Finch, House Wren, and Mourn-

ng Dove, all edge or urban-adapter species, were more common
n narrower greenways, especially in greenways ≤50 m wide.

any common species were recorded over all greenway widths
nd land use classes; Northern Cardinal, American Robin, Car-
lina Chickadee, Carolina Wren, and Tufted Titmouse were
ecorded in 29 or more of the 34 segments (Table 2).

Red-shouldered Hawk, Northern Flicker, and Red-bellied
oodpecker were least common in greenway segments with

djacent office/institutional land use. Conversely, American
rows were most commonly detected in segments surrounded
y suburban office complexes (Table 2).

. Discussion

.1. Greenway composition and vegetation structure

The amount of managed area, such as trail and other mowed
r maintained surfaces, within a greenway segment was the
ost consistent factor in predicting neotropical migrant, insec-

ivore, and forest-interior species richness. The number of
evelopment-sensitive species decreased as the amount of man-
ged area increased. Most greenway trails in Raleigh and Cary
re collocated with sewer lines. Vegetation was removed during
onstruction, and managed surfaces adjacent to trails and rel-

tively wide canopy openings usually were created. The wide
anaged areas essentially divided the once contiguous forested

orridor into two narrower corridors, decreasing the habitat
alue for development-sensitive species (Villard, 1998). Other

m
a
e
s

endent of landscape context (P < 0.05).

esearch has similarly shown that generalist birds are more abun-
ant near recreational trails in forest and grassland ecosystems,
hile development-sensitive birds are less common (Miller et

l., 1998).
Minimizing managed area within a greenway is essential to

roviding habitat for development-sensitive species. Greenways
ontaining little or no managed area may provide habitat for up
o twice as many development-sensitive bird species compared
o greenways containing 2–4 m wide paved trails with adjacent

owed areas. The goal of minimizing managed area within a
reenway, however, may conflict with the goal of providing
ecreation and transportation opportunities to urban residents.
rails 2–4 m wide often are constructed within greenways to
ccommodate access and shared use of paths by bikers, pedes-
rians, strollers, and wheelchairs. Additional mowed areas are

aintained to accommodate benches and equipment, to keep
ree roots from breaking up paved paths, or for aesthetics and
afety. These conflicts might be resolved by placing greenway
rails along one edge of a wide forested corridor, rather than
irectly down the middle of the corridor, minimizing the effect
f greenway trail management and edge on “interior” forest.

Several bird groupings declined with increasing hardwood
over in the greenways. Typically, avian species richness and
ensity are lower in coniferous than in deciduous woodlots
James and Wamer, 1982; Mortberg, 1998; Marzluff and Ewing,
001). All of our segments were located in streamside hardwood
abitats. Segments containing some pine may have attracted
dditional resident insectivorous species, such as Brown-headed
uthatch and Pine Warbler, not found in exclusively hardwood

ites.

.2. Adjacent land use and cover

If conservation of development-sensitive bird species is a
oal, priority should be given to the protection of greenways
ocated in areas adjacent to low-density residential develop-
ent that maintains vegetative cover. Many neotropical migrant
nd forest-interior species were absent in greenways with bare
arth, pavement, or high building cover in the adjacent land-
cape. Other studies have similarly shown that total bird diver-



160 J. Mason et al. / Landscape and Urba

Ta
bl

e
3

Fi
na

lr
eg

re
ss

io
n

m
od

el
s,

re
po

rt
ed

w
ith

co
ef

fic
ie

nt
s

an
d

pa
rt

ia
lF

-s
ta

tis
tic

si
gn

ifi
ca

nc
e

le
ve

ls
fo

r
in

cl
ud

ed
va

ri
ab

le
s

fo
r

gr
ee

nw
ay

s
in

R
al

ei
gh

an
d

C
ar

y,
N

C
(2

00
2–

20
03

)

D
ep

en
de

nt
va

ri
ab

le
a

R
2

In
te

rc
ep

t
W

id
th

G
re

en
w

ay
co

m
po

si
tio

n
an

d
st

ru
ct

ur
e

L
an

ds
ca

pe
co

nt
ex

t

M
an

ag
ed

H
ar

dw
d

St
rW

id
th

Sh
ru

b
G

ro
un

d
V

in
e

Pa
ve

d
E

ar
th

B
ui

ld
in

g

To
ta

lr
ic

hn
es

s
0.

43
9

4.
43

2
−1

.0
23

,P
=

0.
00

3
−0

.9
34

,P
<

0.
00

1
To

ta
la

bu
nd

an
ce

0.
55

0
3.

45
8

−0
.8

32
,P

<
0.

00
1

+
0.

18
7,

P
=

0.
00

2
−1

.3
74

,P
=

0.
00

2
−7

.6
54

,P
=

0.
04

1
N

eo
tr

op
ic

al
ri

ch
ne

ss
0.

68
5

2.
56

8
−1

.5
02

,P
=

0.
00

5
−1

.7
48

,P
=

0.
01

4
−1

6.
54

0,
P

=
0.

00
4

−4
.0

52
,P

<
0.

00
1

N
eo

tr
op

ic
al

ab
un

da
nc

e
0.

68
9

1.
75

4
−1

.5
62

,P
=

0.
00

1
+

0.
02

0,
P

=
0.

03
6

−0
.1

46
,P

=
0.

04
5

+
0.

13
2,

P
=

0.
02

6
−0

.1
65

,P
=

0.
03

0
−2

.6
51

,P
=

0.
01

0

In
se

ct
iv

or
e

ri
ch

ne
ss

0.
81

5
4.

30
4

−2
.1

01
,P

<
0.

00
1

−0
.6

93
,P

<
0.

00
1

−1
.8

05
,P

=
0.

00
5

−9
.8

12
,P

=
0.

00
1

In
se

ct
iv

or
e

ab
un

da
nc

e
0.

72
5

3.
59

5
−1

.1
97

,P
<

0.
00

1
−0

.6
73

,P
=

0.
00

1
+

0.
11

3,
P

=
0.

02
6

−1
.8

71
,P

<
0.

00
1

−1
1.

89
6,

P
<

0.
00

1

Fo
re

st
-i

nt
er

io
r

ri
ch

ne
ss

0.
69

8
0.

35
3

+
0.

00
1,

P
=

0.
00

2
−1

.8
89

,P
<

0.
00

1
+

0.
61

2,
P

=
0.

03
1

−1
0.

71
0,

P
=

0.
03

0

Fo
re

st
-i

nt
er

io
r

ab
un

da
nc

e
0.

59
3

0.
72

2
−1

.9
60

,P
<

0.
00

1
+

0.
01

9,
P

=
0.

00
9

Si
gn

ifi
ca

nc
e

le
ve

ls
se

ta
tα

=
0.

05
fo

r
va

ri
ab

le
in

cl
us

io
n

in
m

od
el

s.
a

A
ll

de
pe

nd
en

tv
ar

ia
bl

es
w

er
e

sq
ua

re
-r

oo
te

d
tr

an
sf

or
m

ed
in

re
gr

es
si

on
an

al
ys

es
.

s
i
w
B
a
l
a
b
a
E
w
a
f
2

r
d
t
e
R
s
R
s
t
R
t
a
a
C
a
r
l
w
l
g
b

4

g
w
e
m
s
i
H
t
g
(
n
p
B
r
t
t
i

n Planning 80 (2007) 153–164

ity and neotropical migrant diversity and abundance decrease
n areas of high development intensity adjacent to remnant
oods (Tilghman, 1987; Friesen et al., 1995; Rodewald and
akermans, 2006). Human development can have several neg-
tive effects on birds in remnant forest areas, including but not
imited to: concentration of natural and exotic predators and par-
sites; increased competition with exotic and human-associated
ird species; removal of resources; and disruption of behavior
nd movement by human activities (Marzluff and Ewing, 2001).
xotic plants are more likely to colonize riparian forest reserves
ithin more urban landscapes (Borgmann and Rodewald, 2005),

nd birds that nest in exotic plants may experience increased net
ailure (Schmidt and Whelan, 1999; Borgmann and Rodewald,
004).

Adjacent land use may be particularly important for wide-
anging species. In our study, no passerine species was depen-
ent on the land cover adjacent to greenways, possibly because
he territories of the relatively small birds are contained
ntirely within the greenway forested corridor. Conversely,
ed-shouldered Hawk, American Crow, and two woodpecker

pecies demonstrated a response to adjacent land use class.
ed-shouldered Hawks were recorded primarily in greenways

urrounded by low-density residential land use (≤7.5 lots/ha),
ypically with high levels of canopy cover. As a carnivore, the
ed-shouldered Hawk may respond to habitat factors within

he landscape at a broader scale than other bird species, and
reas with extensive hardwood canopy typically are preferred
s breeding habitat by Red-shouldered Hawks (Moorman and
hapman, 1996). Red-bellied Woodpeckers were less common
nd Northern Flicker was absent in greenway segments sur-
ounded by office/institutional land use, possibly because of the
ow canopy cover in those areas. Conversely, American Crow
as most common in segments with adjacent office/institutional

and use. Crows are generalists that most commonly feed on the
round in open habitats like that found on the grounds of subur-
an office complexes (Verbeek and Caffrey, 2002).

.3. Forested corridor width

Forest-interior species richness was correlated positively with
reenway forested corridor width, and no forest-interior species
ere observed in the narrowest greenways. Several interior-

dge species and Indigo Bunting, an edge species, also were
ost common in greenways wider than 50 m. Other studies have

hown that neotropical migrant species richness increases with
ncreasing riparian forest corridor width (Keller et al., 1993;
odges and Krementz, 1996; Kilgo et al., 1998). In Washing-

on state, greenways narrower than 40 m had low densities of
round and foliage foragers, residents, and neotropical migrants
Manifold, 2001). Greenways wider than 100 m harbored greater
umbers of interior species and greater bird diversity when com-
ared to narrower greenways (Manifold, 2001). Rodewald and
akermans (2006) concluded that the landscape matrix sur-
ounding Ohio riparian forests was a more important predictor of
he bird community than forest width alone, and suggested that
raditional management strategies that focus solely on maximiz-
ng forest corridor width are insufficient. They did not, however,



Urba

s
l
f
t

d
a
e
i
r
t
g
g
B
E
p
g
e
c
a
o
e

r
e
s
b
u
b
g
f
l
i
g
c
d
a
w

m
e
t
N
d
A
b
s
e
r
b
t
a

b
t
m
t

d
a
d
(
l
a
c
d
p

(
b
t
(
i
p
g
F
s
l

o
o
f
“
g
A
m
s
b
n

5

t
o

1

2

greenways as wide as 300–600 m may be needed to conserve
J. Mason et al. / Landscape and

urvey forest tracts <60 m because the linear habitats generally
acked forest-dwelling birds, which agrees with our findings that
ew development-sensitive species occurred in greenways less
han 50 m wide.

While greenways as narrow as 50 m provided habitat for a
iversity of birds, most were common edge species or urban
dapters that rank low in terms of conservation priority (Hunter
t al., 1993). Development-sensitive species were found only
n wider greenways. The necessary width of a greenway cor-
idor depends on the species that are to be conserved. To pro-
ect ground-nesting songbirds and some forest-interior species,
reenways more than 300 m wide might be needed. Wider
reenways were less likely to contain nest parasites such as
rown-headed Cowbirds and aggressive exotic species such as
uropean Starlings in their interiors. Because our point count
lots were located at the greenway center, point counts in wide
reenways were conducted farther away from the greenway
dge. While starlings and cowbirds were not common in the
enters of wide greenways, it is likely that they could be found
t the greenway edges. Internal edges created by trails and other
penings within wide greenways may provide habitat for these
dge-dwelling species.

One appealing approach to increase the suitability of nar-
ow greenways for development-sensitive species might be to
mbed them in areas of low-density development. During initial
tatistical analyses, however, we failed to document interactions
etween greenway forested corridor width and adjacent land
se (i.e., bird communities in narrow greenways surrounded
y low-density development were similar to those in narrow
reenways surrounded by high-density development). Further,
orest-interior birds were absent in narrow greenways regard-
ess of adjacent land use and cover, and unequal abundances of
ndividual species among greenway segments was explained by
reenway width alone in most cases. Yet, greenway forested
orridor width and adjacent land cover each affected abun-
ance or richness of some species or guilds, indicating that
dditional investigation of width–context interactions might be
arranted.
Human recreation and the edges created by recreational trails

ight affect avian nest success within a greenway. The effect of
dge on nest predation rates is related to the type of adjacent habi-
ats and may vary by region (Donovan et al., 1997; Keyser, 2002).
est predation rates often increase nearer to edges, especially in
eveloped and agricultural landscapes (Gates and Gysel, 1978;
ndren and Angelstam, 1988; Keyser, 2002). The probability of
rood parasitism by Brown-headed Cowbirds also is higher near
ome edges, reducing clutch sizes and nest success (Moorman
t al., 2002). In Colorado greenways, however, the presence of
ecreational hiking trails decreased the vulnerability of artificial
ird nests to predation, presumably because the scent of domes-
ic dogs on the trails deterred mammalian nest predators (Miller
nd Hobbs, 2000).

The potentially large amount of forest edge in linear, subur-

an greenways suggests that nest predation rates may be high
here. In a complementary study using the same greenways seg-

ents as used in this study, Sinclair et al. (2005) determined
hat nest predators, such as raccoons, opossums, squirrels, and
n Planning 80 (2007) 153–164 161

omestic cats, were common. Corvids, such as American Crows
nd Blue Jays, and Common Grackles have been photographed
epredating artificial bird nests at our greenway study sites
Novotny, 2003). Mammalian and avian nest predators were
ess abundant in the interior of wide greenways (Sinclair et
l., 2005), where development-sensitive bird species were most
ommon. Wide greenways should provide interior habitat for
evelopment-sensitive species while contributing to low nest
redation rates because of low density of nest predators.

We did not measure success of real nests in greenways
Burhans and Thompson, 2006). If birds present in subur-
an greenway segments experience low survival and reproduc-
ive success, then greenway habitats could be acting as sinks
Pulliam, 1988). Further, if birds preferentially choose to breed
n linear greenway habitats that are poorer in quality than other
otential breeding sites (e.g., non-linear parks or reserves),
reenways could be acting as ecological traps (Battin, 2004).
urther investigation is needed to determine if greenways act as
inks or ecological traps, providing habitat in which birds estab-
ish territories but do not survive or reproduce successfully.

The land adjacent to most of the greenways we studied was
wned by private homeowners and businesses. In the cases
f many of the widest greenways, only a small portion of
orested corridor was comprised of land protected legally as
greenway.” Wider publicly-owned greenways would require
reater forethought, planning, and expenditure of public funds.
s greenways wider than 50 m are not a realistic option for many
unicipalities, typical urban and suburban greenways may not

uffice to conserve certain development-sensitive, forest-interior
ird species. Larger nature preserves or public parks likely are
ecessary to conserve these species.

. Management recommendations

Based on our results, the following guidelines may be useful
o urban and landscape planners in the design and management
f greenways as habitat for development-sensitive bird species:

. Be creative in finding ways to minimize managed area within
a greenway. Mow less, make paved trails narrower, leave
certain trails within the system unpaved, and locate trails at
the greenway edge to maximize forest interior. If vegetation
removal is necessary for sight lines on steep terrain, leave
forest litter rather than planting grass or ornamentals. Rec-
ommendations for specific maximum trail widths are difficult
to formulate because of regional variations in bird communi-
ties and environmental factors. Instead, we suggest that trails
and the associated managed areas be narrow enough that the
forest canopy remains relatively unbroken.

. Conserve wider greenways. Greenways of at least 100 m wide
provide habitat for some development-sensitive species, but
certain forest-interior specialists and ground-nesting song-
birds. When greenways of this width are not realistic, larger
non-linear reserves are needed to provide habitat for these
species. These might be located as “nodes” along greenways.
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. Encourage developers of property adjacent to greenways to
minimize pavement, building, and bare earth cover. Through
education and outreach, developers and landowners can be
motivated to participate in the conservation of development-
sensitive bird species by limiting impervious surface and
retaining native vegetation on the privately-owned lands sur-
rounding greenways.
cknowledgments
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ppendix A (Continued )

ey

oraging guilds Nesting guilds Migratory guilds Habitat guilds

= Insectivore P = Brood Parasite E = Exotic E = Edge
= Nectivore C = Canopy N = Neotropical I = Forest-interior
= Omnivore G = Ground R = Resident IE = Interior-edge
= Carnivore S = Shrub S = Short-distance U = Urban
= Granivore V = Cavity W = Water
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