ABSTRACT
KOHUT, SALINA MARVELLE. Avian Use of Suburban Greenways as Stopover Habitat.
(Under the direction of George R. Hess and Christopher E. Moorman.)

The decline of Neotropical migrant songbirds has called attention to the need for
habitat conservation along the entire migratory route, and scientists now recognize the need
to conserve stopover habitat in addition to habitat on the breeding and wintering grounds.
Greenways are a popular means for accomplishing conservation goals in suburban areas and
might provide stopover habitat in urbanizing areas where habitat loss and alteration are
accelerating.

My study examined the effects of greenway forested corridor width, greenway
vegetative characteristics, and adjacent land cover on the species richness and abundance of
migrant songbirds during spring and fall migration. | conducted the study to provide city
planners with management recommendations for the construction and maintenance of
greenways that will benefit migrating songbirds. During spring and fall migration, 2004, and
spring migration, 2005, | surveyed birds in 47 segments of public greenway in Raleigh and
Cary, North Carolina, USA representing a range of forested corridor widths and adjacent
land covers. | also surveyed three reference sites along trails in William B. Umstead State
Park, the largest contiguous forested area (2,201-hectares) nearest the study greenways.

Migrant species richness was higher in wider greenways in both spring and fall.
During spring migration, migrant bird richness and abundance generally increased with tree
height and percent hardwood tree composition, and abundance was greater in greenways with
more shrub cover. During fall migration, migrants occurred most commonly in greenways

with lower canopy cover and higher shrub cover. Although forest-interior migrant richness



was not correlated with greenway forest corridor width in either season, they were more
abundant in the reference sites than in the greenways during spring and fall. During spring,
forest interior migrants were less common in greenways surrounded by more bare earth and
pavement cover, both signs of intense development.

Though migrants used greenways of all widths, forested corridors wider than 150 m
had the greatest overall diversity and abundance of migrants. Therefore, planners should
conserve the widest greenway corridors possible. Shrub and ground cover should be retained
within the greenway to provide the complex vegetative structure that migrants use. In
urbanizing areas, planners can provide stopover habitat for forest-interior migrants by
constructing greenways in areas of lower development intensity and by conserving larger

parks or reserves in addition to greenways.
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CHAPTER 1: LITERATURE REVIEW

NEOTROPICAL MIGRANTS

Declines and Conservation

Nearctic-Neotropical migrant birds (hereafter “Neotropical migrants”) breed in
temperate North America but spend the winter in tropical latitudes (Petit 2000). Numerous
studies have documented declines of Neotropical migrant songbirds on continental, regional,
and local scales, especially in eastern North America (e.g. Graber and Graber 1963, Holmes
and Sherry 1988, Robbins et al. 1989, Terborgh 1989, Askins et al. 1990, Sauer and Droege
1992, Hagan et al. 1992, Peterjohn et al. 1995, Ballard et al. 2003, Lloyd —Evans and Atwood
2004). The concern over these declines has prompted extensive investigation of the
contributing factors and has spurred the development of conservation measures (e.g. Finch
1991, Hagan and Johnston 1992, Moore et al. 1993, Degraaf and Rappole 1995, Martin and
Finch 1995, Moore 2000, Faaborg 2002). Habitat loss, degradation, and fragmentation on
the breeding and wintering grounds are seen as complicit in the declines (Sherry and Holmes
1996, Petit 2000, Rappole et al. 2003, also see Robbins 1979, Whitcomb et al. 1981).
Fragmentation of forests on the breeding grounds can result in increased levels of brood
parasitism (e.g. Robinson et al. 1995, Arcese et al. 1996, but see Gustafson et al. 2001) and
nest depredation (e.g. Wilcove 1985, Andrén 1992, Danielson et al. 1997, Heske et al. 1999,
Chalfoun et al. 2002, Schmidt 2003 but see Lahti 2001). The spread of invasive, exotic

vegetation reduces the cover of native plants to which the birds are adapted (Borgmann and



Rodewald 2004). The use of pesticides also contributes to population declines (Gard et al.
1993, Gard et al. 1995).

More recently, however, researchers have focused on the conditions and events
during migration that may contribute to songbird declines (Newton 2006) and have
implicated the loss and fragmentation of stopover habitat (Petit 2000, Hutto 2000, Pearson
and Simons 2002, Mehlman et al. 2005). Stopover habitats are those areas birds use during
migration to rest and refuel between legs of their journey. The suitability of stopover habitat,
especially in regards to food availability, can determine whether migration is successful, and

ultimately determine breeding success (Newton 2006).

The Importance of Stopover Habitat

Migratory birds are extremely vulnerable during migration (Sillett and Holmes 2002),
and migration is especially difficult for juveniles making their first migratory flight in the fall
(Woodrey and Moore 1997, Yong et al. 1998, Jones et al. 2002). During this energetically
demanding journey (Blem 1980), migrants face challenges such as finding food, water, and
cover in unfamiliar areas (Moore et al. 1995). They must contend with inter- and intra-
specific competition with other migrants and resident birds (see Kale 1967, Rappole and
Warner 1976, Kodric-Brown and Brown 1978, Bibby and Green 1980, Moore and Yong
1991, Yong et al. 1998). Migrants encounter hazards such as variable or adverse weather
(e.g. Wiedenfeld and Wiedenfeld 1995, Stokke et al. 2005, Marra et al. 2005) and predators
(Aborn 1994, Lindstrém 1989, Cimprich et al. 2005). In addition, migrants may need to

correct for orientation errors (Moore et al. 1995). All of this must be accomplished in a



changing landscape (Heglund and Kagen 2005) with fluctuating resources (Schneider and
Harrington 1981).

Consistently finding suitable stopover habitat is an important determinant of
migratory success (Moore et al. 1995). Birds that arrive on the breeding grounds with
remaining fat stores experience greater reproductive success than those that arrive spent
(Smith and Moore 2003). Stopover may range from a few hours to several days (Moore et al.
1995) depending on the bird’s energetic condition and on the suitability of the habitat it
encounters (Morris 1996, Moore and Kerlinger 1987, Mehlman 2005). The quality of habitat
adjacent to natural ecological barriers, such as large bodies of water and mountain ranges, is
of particular concern because fueling before or after traversing such barriers is critical (e.g.
Moore and Kerlinger 1987, Moore et al. 1990, Kuenzi et al.1991, Barrow et al. 2000). Moore
et al. (1993) also recognized agricultural and urbanized areas as ecological barriers. As
urbanized areas expand, they can create new barriers to migration. Mitigating habitat loss in
areas of high population growth might prevent an urban area from becoming inhospitable to
migrating songbirds.

Mehlman et al. (2005) described three functional types of stopover habitat: “fire
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escapes,” “convenience stores,” and “full-service hotels.” The “fire escapes” are infrequently
used, but can provide an emergency stopping place that can be the difference between death
and continued migration. “Full-service hotel” locations are large areas of habitat that provide
ample food, water, and shelter for many migrants (Mehlman et al. 2005). “Convenience

store” stopover sites are small areas in an otherwise inhospitable matrix, such as an urbanized

area, that allow migrants to rest briefly and replenish some fat stores in order to reach higher



quality sites (Mehlman et al. 2005). Greenways, linear conservation corridors, are probably
best described as “convenience store” sites. Greenways might also be an avenue for birds to

navigate through urbanized areas during migration.

Habitat Selection En Route

The precise mechanisms by which birds choose habitats during migration are poorly
understood (see Moore and Aborn 2000, Chernetsov 2006 for reviews); the selection of
stopover habitat is complex and involves a bird’s assessment of geographic, landscape, and
habitat factors (Moore et al. 1993). In general, migrant birds select habitat during the early
morning hours after nocturnal flight and then refine their habitat selection before settling in
(Chernetsov 2006). They also may engage in “morning flight.” The purposes of these short,
low-altitude flights include continued migration (Bingman 1980), compensation for
orientation errors due to wind, and habitat selection (Wiedner et al. 1992). Initial habitat
choice is influenced by factors extrinsic to the habitat such as innate habitat preferences,
functional morphology, and foraging strategies, after which habitat selection is guided by
factors intrinsic to the habitat such as vegetation structure (see Chernestov 2006). Generally,
more migrants are supported in areas with taller, more structurally diverse vegetation (e.g.
Moore et al. 1990), though some research suggests the opposite (Petit 2000). Food
availability, competition, and risk of predation also might factor into habitat selection (Moore
et al. 1993, Petit 2000, Chernestov 2006).

In general, birds use a wider range of habitat types during migration than during the

breeding season (Chernetsov 2006). The habitat that is used may differ between spring and



fall migration (e.g. Weisbrod et al. 1993, Swanson et al. 2003). However, habitat most
similar to the breeding or wintering habitat may be sought (Petit 2000). For example, Parnell
(1969) determined that warblers select habitat that resembles their breeding habitat, and
Somershoe and Chandler (2004) discovered that some forest-interior specialists that require
large blocks of habitat during the breeding season used large hammocks more often during
migration in coastal South Carolina. During spring migration along the Gulf coast, birds
selected habitat disproportionate to its amount of occurrence (Moore et al. 1990).
Distribution across habitat types differs among species (e.g. Parnell 1969), and juveniles and
adults of a species can differ in their use of habitat during migration (e.g. Dunn and Nol
1980, Woodrey and Moore 1997, Yong et al. 1998).

The size and distribution of habitat blocks, or “patchiness,” can affect habitat
suitability (Moore et al. 1993). The theory of island biogeography (MacArthur and Wilson
1967) prompted extensive research examining breeding bird use of isolated habitat patches.
Yet, the relative value of small and large habitat patches for migrants is largely unknown
(Petit 2000). Many migrant birds use large patches in the breeding season but can be found in
smaller habitat patches during migration (e.g. Blake 1986). Several studies have observed
migrant bird use of small, often isolated habitat patches, but the increased value of larger
areas also has been demonstrated. Martin (1980) found that migrant species richness and
abundance increased with increasing area of shelterbelts on the Great Plains. Blake (1986)
noted that although large woodlots might have a greater richness of migrant species, small
woodlots can be used by a variety of species. Graber and Graber (1983) intimated that small

woodlots might not be sufficient in the absence of large forest blocks; migrants foraging in



small, isolated woodlots in Illinois were unable to accumulate fat stores, but migrants
foraging in areas with extensive forest cover were able to store fat. In South Carolina,
although larger hammocks supported higher species richness and more individuals, the
highest migrant densities were found in smaller hammocks (Somershoe and Chandler 2004).
Petit (2000) suggested that corridors might allow migrants to move among isolated habitat
blocks and find alternative stopover sites. However, there has been no study of the value of

the connecting corridors as stopover habitat.

URBANIZATION

National and local trends

In the United States, the conversion of land, especially forest, to urban uses has
accelerated in recent decades (Alig et al. 2003) resulting in habitat loss (e.g. Robinson et al.
2005) and species decline (Czech et al. 2000). Between 1980 and 2000, the United States
population increased by 24% (US Census Bureau 2006) while the area of developed land
grew by 34.1% during approximately the same time period (1982-1997) (US Department of
Agriculture 2000). One area of increasing urban expansion and rapid population growth is
the six-county Triangle Region of North Carolina. From 1950-1990, urban population in the
Triangle tripled and urbanized land area increased ninefold (Triangle Land Conservancy
2003). Wake County, located in the Triangle Region, is the second most populated county in
North Carolina (US Census Bureau 2006) and one of the fastest growing counties in the

nation (Wake County 2007a). In just twenty years (1980-2000), Wake County more than



doubled its population (Wake County 2007b), and from 1990-2000, population density
increased by nearly 50% (US Census Bureau 2006). By 2013, the county’s population is
expected to surpass one million residents (Wake County 2007b). The infrastructure needed to
support this population growth will undoubtedly arise where fields and forests now fill the

landscape.

The urban avian community

Changes in the breeding bird community following land development are well known
(e.g. Graber and Graber 1963, Batten 1972, Walcott 1974, Aldrich and Coffin 1980,
Clergeau et al. 1998; see Chase and Walsh 2006 for review). While urban environs can
support larger numbers of breeding birds than the surrounding natural areas (Walcott 1974,
Gavareski 1976, Bessinger and Osborne 1982), species richness is lower and most
individuals are non-migratory generalists and exotics (Graber and Graber 1963, Batten 1972,
Emlen 1974, Walcott 1974, Aldrich and Coffin 1980, Melles et al. 2003).

Urban areas harbor fewer canopy-feeding forest insectivores and more ground
foraging seed-eaters and omnivores, including rock pigeons (Columba livia), European
starlings (Sturnus vulgaris), and house sparrows (Passer domesticus) (Emlen 1974, Walcott
1974, Bessinger and Osborne 1982, Chase and Walsh 2006), that adapt well to nesting on
human structures (Lancaster and Rees 1979). Resident species also are favored over
migratory species (Allen and O’Connor 2000). Native cavity nesters (Degraff and Wentworth
1986, Rottenborn 1999, Blewett and Marzluff 2005) and ground nesters (Melles et al. 2003,

Mason et al. 2007) are lacking in urban areas. Urban development alters natural plant



communities by replacing pre-urban vegetation with specimen plantings of exotic
ornamentals, which are of little value to native bird species (Bessinger and Osborne 1982,
Degraaf and Wentworth 1986, Mills et al. 1989) and in some cases have negative
consequences for reproductive success (Borgmann and Rodewald 2004).

Urbanization’s resulting habitat fragmentation, alteration, and loss affects migrating
songbirds. If migrating individuals do not encounter suitable habitat, they might have to stop
more often, slowing them down and preventing a timely arrival on the breeding ground.
Reduction of habitat surrounding a geographic barrier may leave a migrant unable to acquire
resources needed for survival. Some of the most critical areas for migrating songbirds, such
as coastlines, also are areas of rapid population growth and development (Mehlman et al.
2005).

Identifying and conserving habitats that provide habitat suitable for migrating
songbirds within developed landscapes can help mitigate some of the effects of urbanization.
Few researchers have examined migrant bird habitat in urban areas. Rodewald and Matthews
(2005) determined that migrants in an urbanizing Midwestern landscape were more abundant
in mature uplands than in riparian habitat. However, the absence of Neotropical transients
was not related to the amount of urban cover within a 1km radius. Though Hostetler et al.
(2005) found no significant change in the richness and abundance of migrating birds in a
remnant natural area and in an adjacent city park during the two years following the
construction of an apartment complex, detections of some individual migrant bird species,

such as ovenbirds, declined during fall migration following construction.



Not only does the elimination of habitat brought on by urbanization affect migrating
birds, but the addition of structures such as buildings (Klem 1990), communication towers
(Crawford and Engstrom 2001), windmills (Johnson et al. 2002), and power lines (Bevanger
1998) can confuse and kill migrating birds. In a 29-year study of a television tower in
Florida, more than 44,000 dead birds representing 186 species were collected (Crawford and
Engstrom 2001). Erickson et al. (2001 cited by Johnson 2002) estimated that 33,000 birds are
killed annually by wind turbines in the US. Klem (1990) estimated between 97.6 and 975.6
million migrating birds die annually from window collisions.

Urban and suburban areas are not entirely unsuitable as habitat for native birds.
Vegetation in urban areas, especially shrub and canopy layers, influences the diversity of
birds found breeding there (Hooper et al. 1973, Mills et al. 1989) as does the spatial
arrangement of the vegetation (Goldstein et al. 1986) both at local and landscape scales
(Bolger et al. 1997, Melles et al. 2003). When urbanization is examined along a gradient of
rural to urban, the greatest breeding bird diversity may be found in areas of moderate
development (Aldrich and Coffin 1980, Blair 1999). For example, suburban development in
desert climes can increase species diversity because plantings associated with neighborhoods
increase the vegetative complexity (Vale and Vale 1976, Rosenberg et al. 1987, Mills et al.
1989, Germaine et al. 1998). However, this can be at the expense of the most development-
sensitive native bird species which disappear as the landscape becomes more urban (Aldrich

and Coffin 1980, Blair 1999, Mason et al. 2007).
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GREENWAYS

Greenways as a conservation strategy

Greenways are multipurpose, linear, protected open spaces that link natural areas
while providing recreation and transportation opportunities (Little 1990, Hay 1991, Searns
1995). The President’s commission on Americans Outdoors (1987, referenced by Smith
1993) describes greenways as “fingers of green that reach out from and around and through
communities all across America” to “connect parks and forests and scenic country sides,
public and private, in recreation corridors for hiking, jogging, wildlife movement, horse, and
bicycle riding.” Greenways have become a popular means to mitigate the effect of habitat
loss and fragmentation associated with urbanization (Hay 1991), especially because it usually
is easier to acquire ribbons of land than large forest blocks in rapidly developing areas where
land is expensive (Smith 1993). Often, greenways are built where development cannot take
place such as in flood prone areas along streams (Little 1990).

Greenways can be constructed along natural or manmade features such as streams,
sewer line right-of-ways, and old railroad beds (Little 1990, Hay 1991). The benefits of
greenways range from aesthetic and cultural to educational and ecological. Increased
connectivity of natural areas facilitates movement of plants and animals to maintain
biodiversity (Searns 1995, Hay 1991), and vegetation improves air and water quality and
mitigates flooding (Smith 1993). Many residents take pride in their neighborhood greenways
and perceive them as an asset to their community and quality of life because they contribute

to health and fitness through recreation, provide natural areas, and contribute to favorable
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land use patterns (Schafer et al. 2000). The benefits of greenways can go beyond those
resulting from the setting aside of land. For example, the Swift Creek greenway trail in Cary,
NC was constructed entirely from recycled materials (Town of Cary 2006).

Though greenways present an attractive integration of man and nature, they are not a
panacea for conservation in urban areas. The value of conservation corridors such as
greenways has been debated (see Simberloff and Cox 1987, Noss 1987, Simberloff et al.
1992, Hess 1994, Beier and Noss 1998). Some of the features of greenways that make them
attractive can actually be detractors. The linear nature of greenways increases the amount of
edge and exposes birds to negative “edge effects,” such as increased nest depredation, and
there is minimal interior habitat for area-sensitive species (Mason et al. 2007). The
abundance of edge combined with the connectivity of corridors can allow exotic plants and
animals to easily spread through the landscape (Simberloff et al. 1992, but see Damschen et
al. 2006).The compatibility of recreation and conservation is questioned by some because the
presence of human activity can affect the behavior of birds and predators in the landscape
(Miller and Hobbs 2000). The presence of people on trails can affect the feeding behavior of
birds (Burger and Gochfeld 1998), and this could be especially detrimental during migration

when refueling is of utmost importance.

City of Raleigh and Town of Cary Greenways
The City of Raleigh’s Capital Area Greenway began as a master’s thesis (Flournoy
1972) and became a model for greenway systems in North Carolina and throughout the

country (Little 1990). Raleigh’s 54-mile, 3000-acre greenway system consists of
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“interconnected linear parks that form a City-wide open space network that allows for
passive recreation while forwarding the City’s environmental protection goals” (City of
Raleigh 2006). The goals for Raleigh’s greenways include preserving the natural character of
the land while providing buffers for other land uses, preserving wildlife corridors, protecting
water quality by conserving riparian buffers and managing storm water runoff, and providing
multiple use trails for recreation and alternative transportation (City of Raleigh 2006). There
are plans to develop additional greenways at a rate of at least 1 mile per year (City of Raleigh
2006). Many of the trails follow streams and sewer line right-of-ways. Town of Cary
greenways total 11.08 miles, many of which are located in floodplains unsuitable for
development (Town of Cary 2006). The Town of Cary identifies many of the same benefits
of their greenways as Raleigh, including recreation opportunity and water quality

enhancement, and stresses increased quality of life and property value (Town of Cary 2006).

Conclusion and Further Research

While the effects of urbanization on breeding birds have been explored extensively,
there has been little research on how the conversion and alteration of habitat resulting from
urbanization affects migrating songbirds (but see Hostetler 2005). The expansion of
urbanized land, coupled with the expansion of greenway systems in some communities,
positions greenways as a possible medium for accomplishing migrant conservation goals in
urban areas. Previous research in Raleigh and Cary greenways revealed that breeding
development-sensitive birds were most abundant in wide greenways that contained narrow

recreational trails (Mason et al. 2007).
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Because migrants often choose stopover habitat that is similar to their breeding
habitat, it is possible that the recommendations for Neotropical migrant species on their
breeding grounds also may benefit them during migration. There is little research on migrant
use of stopover habitat in suburbanizing areas (but see Rodewald and Matthews 2005, Sodhi
et al. 1999), and no research specifically examines the value of greenways as stopover
habitat. Determining the characteristics of greenways that translate into suitable stopover
habitat will provide planners with information needed to design greenways that are favorable

to songbirds during migration.
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ABSTRACT.--- Greenways are a popular means for accomplishing conservation
goals in suburban areas, and if properly designed, they may provide avian stopover habitat in
an otherwise inhospitable landscape. We examined the effect of greenway forested corridor
width, vegetation composition and structure, and adjacent land cover on the species richness
and abundance of migrating songbirds. During spring and fall migration, 2004, and spring
migration, 2005, we surveyed birds in 47 segments of public greenway in Raleigh and Cary,
North Carolina, USA representing a range of forested corridor widths and adjacent land
covers. We also surveyed three reference sites along trails in William B. Umstead State Park,
the largest contiguous forested area (2,201-hectares) nearest the study greenways.

Migrant species richness was higher in wider greenways in both spring and fall.
During spring migration, migrant bird richness and abundance generally increased with tree
height and percent hardwood composition, and abundance increased in greenways with more
shrub cover. During fall migration, migrants occurred most commonly in greenways with
lower canopy cover and higher shrub cover. Forest-interior migrant richness was not
correlated with greenway forest corridor width in either season, but these species were more
common in greenways surrounded by less bare earth and pavement cover in the spring.
During both seasons, forest-interior species were more abundant in the reference sites than in
the greenways.

Though migrants used greenways of all widths, in order to serve the greatest diversity
of migrants, planners should conserve the widest greenway corridors possible. Forested
corridors wider than 150 m had the greatest diversity and abundance of migrants, especially

forest-edge species. Removing shrub and ground cover within the greenway should be
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avoided to maintain vegetative complexity. In urbanizing areas, planners can provide habitat
for the greatest diversity of migrants by constructing greenways in areas of lower
development intensity and by designing greenways in conjunction with larger parks or

reserves.
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In the United States, the conversion of forest land to urban uses has accelerated in
recent decades (Alig et al. 2004), and the resulting fragmentation, degradation, and alteration
of habitat are major concerns for biological conservation. Of particular concern are
migratory bird species, especially those that migrate to the Neotropics (hereafter
“Neotropical migrants”). The widely documented declines in migratory songbird populations
(e.g. Graber and Graber 1963, Robbins et al. 1989, Askins et al. 1990, Hagan et al. 1992)
prompted extensive investigation of the contributing factors. Initially, the availability and
condition of breeding and wintering habitat attracted the most attention. Researchers recently
have focused on the conditions and events during migration that might contribute to migrant
songbird declines (Newton 2006). Effective conservation measures must include all life
history phases including migration (Hagan and Johnston 1992, Moore et al. 1993, Moore
2000, Faaborg 2002).

Neotropical migrants are vulnerable during migration, perhaps more so than during
any other time of the year (Sillett and Holmes 2002). During this energetically demanding
time (Blem 1980), migrants must find suitable stopover habitat in which to replenish fat
stores and rest while avoiding predation (Moore et al. 1995). The condition and availability
of stopover habitat can have profound consequences for avian survival. However, the precise
mechanisms by which birds choose habitats during migration and the specific habitat
requirements for species are poorly understood (see Moore and Aborn 2000, Chernetsov
2006 for reviews).

Although it might be critical to migrating birds, the value of natural areas as stopover

habitat in rapidly urbanizing landscapes is virtually unknown (Hostetler et al. 2005).
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Breeding birds have been the primary focus of urban bird studies (e.g. Emlen 1974,
Bessinger and Osborne 1982, Friesen et al. 1995, Mason et al. 2007). Only recently have
researchers begun examining stopover habitat in urban areas (Hostetler 2005, Rodewald and
Matthews 2005.)

As multipurpose, linear, protected open spaces, greenways link natural areas while
providing recreation opportunities and alternative transportation (Little 1990, Hay 1991,
Searns 1995). Greenways have become a popular means to mitigate the effects of habitat loss
and fragmentation associated with urbanization (Hay 1991). If properly designed greenways
can serve as stopover habitat, they might be a cost effective means of providing this habitat
in rapidly developing areas where land is expensive. However, there have been no studies of
the value of greenways as stopover habitat.

We studied migrating songbirds in greenways to: 1) determine the influence of
greenway forested corridor width and adjacent land cover on migrating bird abundance and
species richness, and 2) provide recommendations to urban planners for the design of

greenways as migratory bird stopover habitat.

METHODS
Study area.--- We studied migrating bird use of greenways in Raleigh and Cary,
Wake County, North Carolina, USA, located in the Central Appalachian Piedmont. In recent
decades, the region, known as the Triangle, has experienced rapid population growth and
suburban development (Wake County 2002). From 1950-1990, urban population in the

Triangle tripled and urbanized land area increased ninefold (Triangle Land Conservancy
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2003). When Parnell (1969) conducted his research on migrating warblers near Raleigh, NC,
most study sites in his research area, a 20-mile radius circle with Raleigh at the center, were
described as “beyond the influence of urbanization.” Today that landscape is highly
suburbanized. Cary’s public greenways total 17.83 km (Town of Cary 2006), and Raleigh has
86.9 km of greenways (City of Raleigh 2006). The canopies of the greenways are dominated
by hardwood trees, including red maple (Acer rubrum), sweetgum (Liquidambar styraciflua),
tulip-poplar (Liriodendron tulipifera), and various oaks (Quercus spp.). Pines such as
loblolly (Pinus taeda), shortleaf (Pinus echinata), and Virginia pine (Pinus virginiana) are
also common. Native understory vegetation includes redbud (Cercis canadensis), blackberry
(Rubus spp.), sumac (Rhus spp.), wax myrtle (Myrica cerifera), greenbrier (Smilax spp.), and
wild grape (Vitis spp.). Exotic understory vegetation includes privet (Ligustrum spp.),
autumn olive (Elaeagnus umbellata), Japanese honeysuckle (Lonicera japonica), and
Japanese stiltgrass (Microstegium vimineum). We also surveyed three reference sites along
trails in William B. Umstead State Park. The park is largely composed of second and third
growth woodlands, and is situated in an urban matrix just west of Raleigh. It is the largest
contiguous forested area (2,201-hectares) nearest the study greenways. Umstead State Park
has 32 km of hiking trails and is connected to the Raleigh greenway system. Dominant
hardwood species include oaks, hickory (Carya spp.), tulip-poplar, and red maple.

Study site selection.---We sampled migrating birds in 47 forested segments of public
greenway during spring 2004, fall 2004, and spring 2005 (Fig. 1). The 200-m long greenway
segments followed streams and were chosen to represent a range of greenway forested

corridor widths and adjacent land uses. Segments were separated by at least 200 m with one
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exception, in which segments were separated by 192 m. The majority of segments (39) were
separated by more than 250 m. Many of the segments overlap those used by Sinclair et al.
(2005) and Mason et al. (2007). In Umstead State Park, we chose three 200-m long reference
segments of trail that paralleled a stream (Fig. 1). Each of these segments was separated by at
least 200 meters.

We examined leaf-off USGS 2003 high-resolution, digital orthoimages and digital
land use and zoning maps in a geographic information system (ArcView 3.3) and chose
segments in the following land use categories: low density residential (7.5 lots/hectare),
high density residential ( >7.5 lots/hectare), and office/institutional (businesses, schools,
etc.). A segment’s assigned category was based on the zoned land use within 200 m of the
forested corridor on both sides of the segment (Fig. 2). We attempted to choose locations that
had similar land use on both sides, but the use with the highest degree of development was
chosen to represent the site if the sides differed. Narrow (0-75 m), medium (76-150 m), and
wide (>150 m) greenways were represented within each of the land use categories, and we
chose segments with relatively constant forested widths. Greenway width was considered to
be the average width of the forested corridor containing the greenway path and was not
limited to the legal boundary of the greenway. While a right-of-way, easement, or linear
parkland can define a greenway’s legal bounds, the forested area often extends into
properties adjacent to the greenway path.

Land cover variables.---We quantified cover in the land bordering each segment by
analyzing leaf-off aerial photography. For each study site, two 200-m x 200-m squares were

drawn on each side of and parallel to the forested corridor (Fig. 2). Each square was
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populated with a systematic grid of 100 points. At each point, we assigned the land cover to
the following categories: canopy, pavement, building, lawn, water, agriculture, and bare
earth. In the leaf off photos, points that fell within a deciduous tree canopy were considered
canopy. If land cover below a tree’s canopy could be determined, both categories were
recorded for the point. For each segment, we calculated the percentage of each land cover
category by averaging the values calculated from the two adjacent squares.

Avian surveys.---We surveyed birds during spring migration (15 April-14 May),
2004, fall migration (3 September- 27 October), 2004, and spring migration (1 April-15
May), 2005. We performed our surveys along transects, a technique considered more
effective in estimating abundance and diversity of migrating songbirds (Wilson et al. 2000,
Rodewald and Brittingham 2004). We used 200-m long one-sided belt-transects with the
greenway path or mowed edge, if present, as the line of travel. To keep the area surveyed as
consistent as possible from greenway to greenway, we surveyed habitat on only one side of
the greenway path. Locating a transect in the center of each greenway’s forested corridor,
though ideal, was not possible. Obstacles such as meandering streams, fences, or downed
trees would have prevented an observer from completing the surveys. Observers were unable
to walk down the center of the path and survey habitat on either side consistently among
greenways because path and mowed edge width varied and paths were not always centrally
located. We surveyed the side of the path with the widest forested area. If the two sides had
roughly equal forested area, we surveyed the side with the stream.

We traversed each 200-meter-long transect slowly, pausing when flocks were

encountered to ensure that all birds were counted. Surveys lasted at least 10 minutes and
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averaged 16 minutes. Rodewald and Brittingham (2004) found that detectability declined
sharply in shrub and sapling habitats at 20-25 meters from their transects. We counted all
birds seen and heard in the survey side within 25 m of the line of travel to minimize bias
between greenways that have more shrubs and those that may be more open. Flyovers were
not counted. We did not correct for distance and assumed a detectability of one. To minimize
bias associated with weather, we did not survey during rainy or windy (>21 km per hour)
conditions. During spring 2004, there were two observers. We rotated observers among
greenways in different width and land use classes. In fall 2004 and spring 2005 there was one
observer. During spring and fall 2004, we conducted surveys between 0700 and 1900 Eastern
Standard Time (EST). To limit bias associated with the time of day, each transect was
surveyed multiple times during each of the following time periods: 0700-1000; 1000-1300;
1300-1600; 1600-1900 EST. We visited ach of the 47 greenway segments and three reference
sites on independent rotations within each time period to cover the range of corridor width
and land use combinations. Preliminary analysis of spring 2004 data revealed that the
majority of migrant bird detections occurred in the earlier part of the day, so during spring
2005, we conducted surveys between 0700 and 1300 EST. For consistency, we included only
the surveys conducted before 1300 EST in our spring analyses. Because sample sizes were
low during fall counts, we included surveys during all time periods in our fall analyses.
Guilds.---We classified all birds into migratory guilds and further divided Neotropical
and short-distance migrants into breeding habitat guilds based on area sensitivity.
Neotropical migrants were defined following Degraaf and Rappole (1995) with the following

exceptions: 1) migrant birds with winter ranges that include a significant portion of the
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southeastern United States, but are not winter residents in Wake County, were classified as
short distance migrants; 2) migrant birds with winter ranges that include Wake County and
more northerly breeding ranges were classified as winter residents. Species present in Wake
County throughout the year were classified as year-round residents. Determining the
migratory status of an individual bird was not possible, so Neotropical migrants included
both transients and species that breed locally. Many of the locally breeding Neotropical
migrant species recorded during surveys, however, do not breed in the greenways, do not
breed in the greenways in great numbers, or are breeders only in the widest (>300 m)
greenways (Mason et al. 2007). Only three of our greenway segments exceeded 300 m. We
combined Neotropical and short distance migrants into a single migrant bird guild to focus on
migrating songbirds. We divided species in the migrant bird guild into three guilds based on
area sensitivity during the breeding season (Poole 2005): 1) forest-interior species are the
most area-sensitive birds that prefer large contiguous habitats with interior woodland away
from forest edges; 2) forest-edge species are less sensitive to patch size and use forest
habitats near edges; and 3) field-edge species are birds that prefer scrub-shrub habitat often
adjacent to fields. Because the number of surveys completed per season per transect were
unequal, we averaged across surveys to calculate guild-level dependent variables for our
analyses instead of pooling data. For each transect, we calculated migrant bird species
richness as the average number of Neotropical and short distance migrant species detected
per visit for each season. We calculated species richness and abundance for the forest-

interior, forest-edge, and field-edge guilds in the same manner.
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Vegetation surveys.--- We chose points along each transect at 25, 75, 125, and 175 m
to survey greenway vegetation during summer 2004. Each point was located 20 m from the
transect survey line within the area surveyed for birds. We estimated shrub density, canopy
cover, and percentage of pine and hardwood trees at each point, and we averaged the values
for each of these variables across the four survey points for each transect.

We estimated shrub density using a density board that was 2.5 m tall and 30.48 cm
wide and divided equally into five boxes alternating black and white (Nudds 1977). We made
four shrub density readings at each point in four directions: two parallel to and two
perpendicular to the greenway path. For each reading, the board was placed 15 m from the
point. The observer stood on the survey point, estimated the percentage of each box obscured
by vegetation, and assigned each box a score between zero and five corresponding to a range
of percent cover in quintiles. For example, a box that was covered by greater than 0 % but
less than 20% was assigned a score of one, and a box that was obscured over 80% was
assigned a score of five. Boxes that were completely uncovered were assigned a score of
zero. We averaged scores for each of the five boxes yielding a mean shrub density score for
each direction and then averaged the four directions for a mean shrub density score for each
point.

We estimated canopy cover using a concave spherical densiometer. The observer
stood on the survey point and estimated canopy cover while facing each of the cardinal
directions and then averaged the four readings. Using a hypsometer, we estimated canopy

height by measuring three of the tallest canopy trees in the vicinity of the point and then



40

averaging their heights. We visually estimated the percentage of pine and hardwood trees
within a 15 m radius circle centered on the survey point.

Though not within the area surveyed for birds, we measured the width of the path and
mowed edge (together, the managed area) at 25, 75, 125, and 175 m along the survey line to
evaluate whether the opening created by the managed portion of the greenway influenced the
birds found in the forested portion of the greenway. The four measurements were averaged
for each transect.

Data Analysis.--- Our dependent variables were the spring and fall square-root
transformed species richness and abundance values for the migrant bird, forest-interior,
forest-edge, and field-edge guilds. Because of small sample sizes we did not analyze
individual species responses. Our independent variables were greenway forested corridor
width, vegetation measurements, and measurements of land cover in the landscape
immediately adjacent to the greenway segments.

To avoid violation of the assumption of non-colinearity, we tested for correlation
among all independent variables (PROC CORR, SAS Institute Inc. 2001). Two variables
were considered to be highly correlated if the Pearson correlation coefficient (r) was = 0.6.
We eliminated one variable from each correlated pair, and made an effort to retain the
variable which was most useful for greenway planning and management. The reduced set of
variables consisted of forested corridor width, five greenway vegetation measures, and five
measures of adjacent land cover (Table 1). We averaged the species richness and abundance
values for the two spring seasons for final analyses because preliminary analysis of each of

the spring seasons yielded similar results.
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For each season, each of the eight dependent variables was regressed against the
reduced set of independent variables in stepwise multiple linear regression analysis using
SAS (PROC REG, SAS Institute, Inc. 2001). Only variables significant at P < 0.05 were used
in the final regression models.

For each season, we calculated average guild richness and abundance values for each
greenway width category and compared them to the average guild richness and abundance

values for the three reference segments using a one-way ANOVA and Tukey’s test (FIG. 3).

RESULTS

We recorded 37 Neotropical migrants and six short distance migrants in the
greenways and reference sites during the spring and fall migration surveys; 20 were forest-
interior species, 16 were forest-edge species, and seven were field-edge species (Table 2).

Sample sizes were low in all seasons, especially during fall migration. During both
spring migration periods, 82% of surveys detected migrants, however, during fall, only 31%
of surveys recorded migrants. During spring, surveys in which migrants were detected
averaged three migrant species and four individuals. The highest migrant richness recorded
on a survey was 13 species and the largest abundance recorded was 27 migrants. Blue-gray
gnatcatcher, Red-eyed vireo, and Gray Catbird were the most common migrants in the
spring. In the fall, surveys which detected migrants averaged 1.6 species and 2.1 individuals.
The highest recorded migrant richness on a fall survey was seven and the highest recorded
abundance was nine. The most detected species during the fall were Gray Catbird and Ruby-

throated Hummingbird, and few forest interior species were recorded.
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Spring and fall migrant species richness, fall migrant abundance, spring forest-edge
species richness and abundance, and fall field-edge richness and abundance increased with
increasing forested corridor width (Tables 3, 4).

The greenway vegetation characteristics most commonly retained in models were
canopy height and percentage of hardwood trees. During spring migration, species richness
of migrants and species richness and abundance of forest-edge and forest-interior species
were highest in greenways with taller trees and a greater percentage of hardwoods (Table 3).
During fall migration, forest-interior richness and abundance increased with increasing
canopy height while migrant richness and abundance were higher in greenways with less
canopy cover (Table 4). Spring migrant abundance, fall migrant richness, and spring field-
edge richness and abundance increased with increasing shrub cover (Tables 3, 4).

Only three adjacent land cover variables were retained in the models. Spring migrant
richness and field-edge species richness and abundance increased with increasing building
cover (Table 3), while fall forest-edge richness and abundance increased with decreasing
building cover (Table 4). Spring forest-interior richness and abundance were lowest in
greenways surrounded by more pavement and bare earth (Table 3).

Average species richness and abundance of migrants during spring and fall migration
was higher in the reference sites than in greenways < 150 m wide (Fig. 3). Few field-edge
species were detected in greenways and reference sites, however there were significantly
more field-edge species detected in the greenways than in the reference sites. During spring,

forest-edge species richness and abundance were similar in greenways >150 m and in the
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reference sites (Fig. 3). During both spring and fall migration, significantly more forest-

interior species were detected in the reference sites than in greenways of all widths (Fig. 3).

DISCUSSION

Forested Corridor Width.---Species richness of migrating birds during spring, and
richness and abundance during fall, were highest in the widest greenway forested corridors,
suggesting that wider greenways are more attractive to migrants. However, because migrant
birds, especially forest-interior migrants, were detected more frequently in the reference sites
than in the greenways, larger parks or reserves should be conserved in urbanizing areas.

The increase in migrant species richness and abundance in wider greenways is
consistent with the finding of several studies of the effect of patch size on migrating
songbirds (Martin 1980, Blake 1986, Somershoe and Chandler 2004). Martin (1980)
demonstrated that migrant species richness and abundance increased with increasing area in
shelterbelts on the Great Plains. Blake (1986) recorded greater species richness in larger
woodlots during migration in Illinois, and Somershoe and Chandler (2004) observed a
greater diversity and abundance of migrants in large hammocks than small hammocks in
coastal South Carolina. Similarly, breeding migrants are more abundant in wider corridors.
Species richness of breeding Neotropical migrants increased in riparian corridors wider than
100 m (Hodges and Krementz 1996), and Mason et al. (2007) discovered that some area-
sensitive migrants breed only in greenway corridors wider than 300 m.

Though species that are area-sensitive during the breeding season also may prefer

larger patches during migration, some area-sensitive migrants choose smaller habitat patches
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as stopover even when larger patches are available (Petit 2000). We routinely documented
forest-interior migrants in greenways narrower than those in which they were found breeding
suggesting that they were not as restricted by forested corridor width during migration.
Black-throated Blue Warbler, Louisiana Waterthrush, Ovenbird, Prothonotary Warbler,
Scarlet Tanager, and Yellow-throated Warbler (see Table 2 for scientific names) did not
breed in greenways in our study area less than 300 m wide (Mason et al. 2007), but we
recorded all of these species in greenways less than 300 m wide during migration. We also
detected White-eyed Vireo and Indigo Bunting in greenways narrower than those in which
they were recorded breeding in our study area (Mason et al. 2007). We detected migrants in
the two narrowest greenways, both less than 40 m wide and surrounded by commercial
development.

Migrating birds often are recorded in small, isolated habitat patches, and these
patches may have high densities of migrants (Somershoe and Chandler 2004); however, it is
unclear whether these areas offer sufficient resources to meet migrant birds’ energetic needs
(Graber and Graber 1983, Blake 1986). Narrow greenway segments in our study typically
harbored the lowest abundances of migrants regardless of the surroundings. Unlike a small
habitat patch that is completely surrounded by development, a greenway offers connectivity
to other habitat patches and can provide migrants with a conduit for seeking additional
habitat. Thus, migrants are not forced to remain in narrow habitats that may have fewer
resources and can more easily travel to alternate locations. Petit (2000) found more fall
migrants in habitat fragments that were connected by corridors than in isolated fragments of

similar size.
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To accommodate the greatest diversity of migrating birds, greenway planners should
work with landowners, developers, and land trusts to find creative ways to acquire the widest
greenway corridors possible. Mason et al. (2007) concluded that greenway forested corridors
should be at least 50 m wide for breeding bird habitat, and Hodges and Krementz (1996)
recommend corridors greater than 100 m. While greenways in all width categories were used
by migrating songbirds, greenway segments wider than 150 m had the greatest abundance of
migrants, especially forest-edge species, and should be conserved where possible. There are
various strategies for acquiring greenway land including right-of-ways, conservation
easements, and land purchase (Flink and Searns 1993). Though the most expensive option,
purchasing linear parkland for greenway construction may be the best way to obtain and
protect the widest corridors. In our study area, the portion of a greenway’s forested corridor
protected by an easement is commonly 15 meters on either side of the stream. While the
removal of vegetation within that portion may be regulated, trees and shrubs adjacent to the
easement or right of way may not be. Residents and business whose properties contain
greenway easements or that border greenway parkland should be encouraged to retain trees
and shrubs on their properties thereby increasing the forested corridor width. Designating
wider stream buffers can also increase the width of a greenway corridor.

Though many forest-interior species were recorded using greenways, there were more
forest-interior migrants detected in the reference sites suggesting that area-sensitive migrants
may prefer larger forest patches during stopover over habitat strips like greenways.

Therefore, though greenways are a popular means for conserving open space, planners
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should avoid focusing solely on greenways and incorporate large reserves into their open
space master plans.

Greenway Vegetation.--- Vegetation characteristics within the greenways were better
predictors of migrant species richness and abundance than the characteristics describing land
cover immediately adjacent to the surveyed greenway segments. Though habitat use during
migration can vary with bird species, geographic location, and season, habitats with
heterogeneous vegetative structure often are those that support the most diverse and abundant
migrant community (see Petit 2000 for review). In the spring, migrants occurred more
commonly in hardwood-dominated greenways with taller canopies and more shrub cover.
Rodewald and Brittingham (2005) found a similar relationship during spring migration in
which Neotropical migrants were more abundant in urban woodlots with taller trees. During
the fall, migrant richness was greater in greenways with more open canopies and more shrub
cover. During spring, Rodewald and Brittingham (2005) documented higher temperate
migrant abundances in urban woodlots with open canopies and heterogeneous horizontal
structure.

Vegetation structure was important to migrants using the greenways in both seasons,
but the significant relationship between more open canopies and the richness and abundance
of migrants in the fall suggests a seasonal shift to habitats with more shrub cover. Other
researchers have documented heavier use of shrub and scrub habitats during fall migration
(Suthers et al. 2000, Swanson et al. 2003, Rodewald and Brittingham 2004). Greenways with
canopy gaps or low canopy coverage allow sunlight to reach the forest floor thereby

stimulating understory growth. Migrants may be attracted to these gaps and open areas
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because they are higher quality habitat with greater arthropod abundances and more fruiting
shrubs in the fall. Gaps with dense shrub or midstory growth may also offer birds protection
from predators during migration, a period when they are especially vulnerable (Bowen et al.
2007). Because we did not measure subcanopy height, we are unable to determine to whether
birds more abundant in greenways with more open canopies may have been attracted to this
vegetation layer in addition to the shrubs.

While development-sensitive breeding birds were least abundant in greenways in our
study area with more extensive managed area along the recreational trails (Mason et al.
2007), we failed to document a similar relationship between managed area and migrating
birds, indicating that migrating birds may not be as sensitive to the division of habitat created
by the greenway path and associated maintained areas. In fact, trail management activities
may indirectly benefit migrants because the greenway path and mowed edges create a canopy
opening within the forested corridor that allows sunlight in and promotes the growth of
shrubs and saplings along the path that may attract migrants. Rodewald and Brittingham
(2002) documented the highest species richness and abundance of fall migrants along forest
edges with high densities of shrubs and saplings.

Maintaining shrubs and other understory vegetation within a greenway is a balance
between conserving habitat, maintaining aesthetics, and providing safe public spaces
(Luymes and Tamminga 1995). Dense shrubs can create the perception for some people that
an area is unsafe; however, removing bushes and shrubs, especially those which produce fruit
in the fall, could reduce the quality of greenways as stopover habitat by reducing the amount

of food and cover available. Residents near a proposed greenway trail in our study area who
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were surveyed regarding their concerns about the trail often commented that shrubs should
be removed to improve trail visibility and to eliminate potential hiding places for those with
nefarious intentions (Ivy 2001). Avoiding indiscriminate understory clearing and restricting
shrub pruning and removal to areas of reduced visibility can increase safety and maximize
habitat potential. The necessary removal of shrubs can be offset by planting native fruiting
shrubs elsewhere in the greenway. During the construction of a new greenway path, clearing
should be reduced to the minimum necessary for activities such as grading, paving, and
bridge construction.

Adjacent Land Use.---The adjacent land cover variables generally were poor
predictors of migrant species richness and abundance. Adjacent building coverage was the
most frequently retained variable in final models, but the relationships were inconsistent.
During spring migration, we recorded more migrant species and higher field-edge species
richness and abundance in greenways with higher adjacent building cover, but forest-edge
species richness and abundance increased with decreasing building cover adjacent to the
greenways in the fall. Mason et al. (2007) recorded fewer Neotropical migrants breeding in
greenways with more adjacent building cover. Similarly, Friesen et al. (1995) recorded fewer
breeding Neotropical migrants in woodlots surrounded by more houses. During migration,
Rodewald and Matthews (2005) found no statistical relationship between migrants and the
percentage of urban land within one kilometer of their study sites; however, though not
significant, they did document a weak relationship between urbanization and temperate

migrants.
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It seems counterintuitive that greater migrant richness in the greenways would be
associated with more building cover in the adjacent landscape. This relationship may
explained by an indirect attraction to residential neighborhoods. Migrating songbirds often
congregate in mixed species flocks with other migrants and resident birds, especially
chickadees and titmice, to increase foraging efficiency or to gain protection from predators
(Morse 1970, Berner and Grubb 1985, Rodewald and Brittingham 2002, Hobson and Van
Wilgenberg 2006). Chickadees and titmice are common in residential areas and are attracted
to bird feeders or other resources there. Migrating songbirds associating with them also may
appear attracted to residences. Chickadees and titmice were recorded in surveys with the
greatest richness of migrants; however, we did not collect information on individual flocks,
so we are unable to determine whether migrants detected in our surveys were being led by
resident birds.

An association with high building cover adjacent to the greenway may also be
explained by a lack of suitable habitat in built-up areas. Some office complexes and high
density residential neighborhoods may have few trees and shrubs thereby relegating migrants
to the greenway, while low density residential neighborhoods often have more trees and
shrubs allowing migrants to forage beyond the greenway corridor. Field-edge richness and
abundance in the fall was higher in greenways with fewer adjacent buildings. The influence
of vegetation composition and structure in residential neighborhoods on the abundance and
richness of migrants, as well as resident birds, in greenways is an area of future study.

Some migrants may avoid stopping over in greenways located in built-up areas.

During spring migration, we recorded fewer forest-interior species and individuals in
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greenways with high adjacent pavement and bare ground cover which are indicators of
intense development to which forest-interior species are sensitive. Similarly, Mason et al.
(2007) recorded fewer Neotropical migrants breeding in greenways with high adjacent
pavement cover and bare earth, and observed a decline in forest-interior species as bare earth
adjacent to the greenways increased.

Spring vs. fall migration.---Though sample sizes were low during spring, even fewer
migrants were encountered during fall surveys, especially forest-interior migrants. As a
result, the fall forest-edge and forest-interior models had low R? values and should be
interpreted with caution. Detection can be more difficult in fall when migrants are cryptically
colored and less vocal. In an attempt to increase detections, following the transect surveys we
performed point counts using playbacks of owl vocalizations and chickadee and titmouse
mobbing calls. The use of mobbing calls prior to a count can increase the richness and
abundance of birds surveyed during the non-breeding season (Turcotte and Desrochers
2002). The counts rarely detected additional migrants, and we did not use them in the
analysis. Seasonal divergences in migration route may affect the abundances of some species
(Weisbrod et al 1993), so it is possible that fewer migrants passed through the area during
fall migration.

Design and Management Recommendations.---One of the greatest challenges to
conserving and managing habitat for migratory birds is the need for a diversity of habitats
that can accommodate migrants during multiple phases of their annual cycle. Management
recommendations employed for breeding migrants may not be sufficient to accommodate

those species during spring and fall migration. Many of the associations between birds and
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greenway characteristics are the same during migration as during the breeding season.
Greenways might be able to accommodate migrants during both the breeding and non-
breeding season if designed using the following recommendations:

1. Avoid removing shrub and ground cover within the greenway to maintain vegetative
complexity and provide habitat for a wider variety of migrants during both spring and
fall migration.

2. Conserve greenways with forested corridors that are greater than 150 m wide
wherever possible. Even the widest greenways, on average, harbored fewer migrants
than the reference sites in Umstead State Park.

3. Construct new greenways in areas where there is lower development intensity. Areas
with fewer buildings, less pavement, and less bare earth are more likely to have more
canopy and shrub cover that can compliment the habitat in the greenway and together
create a wider corridor or larger habitat area.

4. Do not limit open space planning to greenways. Establish larger patches of habitat

such as city, county, or state parks in conjunction with greenways.
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