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ABSTRACT 

Urbanization is an important driver of ecosystem change that can have 

deleterious effects on regional native biodiversity.  Yet we know little about the 

potential value of urbanizing areas for maintaining local and regional species diversity.  

Few studies have explicitly examined how the spatial arrangement and composition of 

biophysical elements within a metropolitan area contribute to the structure and 

composition of urban biodiversity.  This thesis focuses on avian community responses 

and uses observational studies that consider local vegetation and landscape factors in 

order to further understanding of the ecological and conservation implications of 

urbanization across multiple temporal and spatial scales. 

A synthesis of three urban systems demonstrates the usefulness of gradient 

analysis approach for understanding fine-and coarse-scale processes influencing urban 

bird distributions.  Results illustrate differences between two urban-to-rural gradient 

paradigms and the importance of conducting investigations at multiple spatial, temporal 

and biological scales.  Recommendations are provided to improve our understanding of 

urban bird communities using gradient analyses and emphasize the future need to derive 

a common framework that incorporates the biophysical and social heterogeneity of 

urban systems. 

An urban gradient study of riparian bird communities within metropolitan 

Cincinnati, Ohio during spring migration found that bird species responses varied based 

on migratory strategies and across spatial scales.  Long-distance Neotropical migrant 

species density, richness, and evenness responded most strongly to landscape and 

vegetation measures and were positively correlated with areas of wide riparian forests 
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and less development within 250 m.  Resident Neotropical migrants density, richness, 

and evenness increased with wider riparian forests (> 500 m) without buildings, while 

en-route migrants utilized areas having a wide buffer of tree cover (250 to 500 m) 

regardless of buildings; both resident and en-route landbirds were positively associated 

with native vegetation composition and mature trees. 

To better understand the relative importance of proximate versus landscape 

features and the influential spatial scales of these landscape features, I focused on 

breeding riparian bird species and the influences of two biophysical features of the 

urban environment – vegetation and built elements – within 1 km for the same riparian 

study area.  At the proximate scale, native tree and understory stem frequency were the 

most important vegetation variables; native tree frequency had a positive influence on 

35 species and a negative influence on 13 of the 48 species and native understory 

frequency had a positive influence on 27 species and a negative influence on 21 species.  

At the landscape scale, the vegetative features (both tree cover and grass cover) were 

most important variables included in competitive models across all species; tree cover 

positively influenced 15 species and negatively influenced 5 species and grass cover 

positively influenced 22 species and negatively influenced 5 species.  Building density 

was an important variable for 13 species, and positively influenced 6 species and 

negatively influenced 7 species.  In a comparison of multiple scales, models with only 

landscape variables were adequate for some species, but models combining local 

vegetation and landscape information were best or competitive for 42 of the 44 species. 

Local-vegetation-only models were rarely competitive.  Combined models at small 

spatial scales (! 500 m) were best for 36 species of the 44 species and these models 



 

 vi 

commonly included tree cover and building density.  Only eight species had best 

models at larger scales (> 500 m); grass cover was most the important variable at larger 

scales.   

In conclusion, understanding the processes that create repeatable patterns in 

urban bird distributions is a challenge that requires investigation at multiple spatial, 

temporal, and biological scales.  These findings provide managers and land-use 

planners with species-specific information and emphasize the importance of 

acknowledging both proximate and landscape influences in habitat modeling.   
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Urbanization is one of the leading factors affecting biodiversity (Vitousek et al. 

1997, Wilcove et al. 1998, Dale et al. 2000, Pickett et al. 2001), and the development of 

management strategies aimed at diminishing these impacts will be important for 

sustaining many of the world’s species (Czech 2000, Rosenzweig 2003, Palmer et al. 

2004).  Urban landscapes are characterized as highly heterogeneous, spatially nested, 

and hierarchically structured systems of complex interactions among social, economic, 

and ecological variables (Alberti 2005).  The urban spatial structure represents a 

cumulative and aggregate pattern derived from myriad local decisions involving both 

socioeconomic and biophysical factors (Pickett et al. 2001).  These interactions result in 

emergent phenomena that fragment, isolate, and degrade natural habitats; simplify and 

homogenize species composition; alter hydrological systems; and influence nutrient 

cycling and energy flow (Carreiro et al. 1999, Blair 2001, Meyer et al. 2001).  

Consequently, an essential research need is identifying the biophysical and 

socioeconomic factors that are well correlated with specific aspects of ecological 

structure and function, this requires an integrated approach that combines both 

landscape monitoring and field studies (Alberti and Marzluff 2004, Cadenasso et al. 

2006).  

Among taxa, birds have garnered the most attention by ecologists studying 

urbanization’s effects on biodiversity; these feathered vertebrates represent an ideal 

surrogate because of their conspicuous nature, mobility, and behavioral plasticity that 

allows some bird species to even occupy the most fragmented urban landscapes (Blair 

1999).  Over the past decade, urban ecologists have focused their research on questions 
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examining the patterns and processes structuring urban bird populations and 

communities by incorporating variations of McDonnell and Pickett’s (1990) urban-to-

rural gradient methodology (McKinney 2002, see Chace and Walsh 2006 for review).  

The results from these studies have varied depending on the diversity (or biological) 

measure.  In general, urban areas harbor fewer species than more natural areas 

(Marzluff 2001, McKinney 2002).  Many of the species that do persist in urban areas 

are typically widespread natives (i.e., cosmopolitan) or non-natives (Blair 2001, 

McKinney 2002).  Yet several studies suggest that intermediate land-use types can 

support several native species (Blair 1996, Marzluff 2005), suggesting the possibility of 

designing urban landscapes to sustain local native species diversity.  

Urban systems offer a unique ecological situation whereby biophysical and 

socioeconomic factors interact hierarchically across spatial and temporal scales (Pickett 

et al. 2001).  Urban areas can comprise a diversity of habitats such as large and small 

patches of greenspace, including intentional (e.g., public parks) and unintentional (e.g., 

vacant lots), residential and commercial yards, among other habitat types (Blair 1996, 

Pickett and Cadenasso 2008).  The amount and spatial arrangement of these urban 

habitats within a metropolitan area creates a complex mosaic of both built and 

vegetative elements – buildings, paved surfaces, and vegetation (Cadenasso et al. 2007, 

Pickett and Cadenasso 2008).  For example, in a forested region a residential area can 

have varying levels of population or building densities, yet knowing this information 

does not necessarily reveal how these residential areas can differ in terms of vegetative 

cover.  Some developments can have a continuous canopy of trees, others a few 

scattered trees along roadways, and still others lack trees entirely.   
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Riparian areas are systems highlighting interactions between plants, animals, 

water, and people (Naiman et al. 1993, Groffman et al. 2003, Richardson et al. 2007).  

People have historically settled near streams and rivers for access to water for drinking, 

food, irrigation, transportation, and industry.  Given this close association, it is not 

surprising that riparian areas are among the most threatened landscapes (Naiman and 

Decamps 1997, Richardson et al. 2007); many riparian systems are a part of larger 

urban systems.  Previous studies have demonstrated that upland land use can influence 

riparian systems for both hydrologic and aquatic biotic measures (Karr and Chu 1999, 

Paul and Meyer 2001).  Riparian areas also support a high diversity of terrestrial plants 

and animals and serve as corridors between isolated habitat patches within highly 

fragmented landscapes (Skagen et al. 1998).  In order to mitigate the adverse effects of 

development on riparian birds, it is first necessary to obtain a clear understanding of the 

potential mechanisms underlying these effects.   

Whereas previous research examining the effects of urbanization on riparian 

avian communities has focused primarily on the breeding season, (Rottenborn 1999, 

Green and Baker 2003, Rodewald and Bakermans 2006), I examine riparian bird 

community composition during both the spring migratory and breeding seasons.  

Riparian areas provide critical habitat for migrating birds (Ohmart 1994), many of 

which are of interest due to recent declines in some species, especially Neotropical 

migrants (Robbins et al. 1989).  Results from earlier riparian studies have concluded 

that Neotropical migrant landbirds are the most sensitive to human disturbance and 

fragmentation during the breeding season (Saab 1999, Hennings and Edge 2003, Miller 

et al. 2003), yet relatively little is known about the effects of urbanization during the 
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migratory season (Donovan et al. 2002).  During migration, long-distance migrants 

undergo tremendous energy demands, and require stopover habitat (including both large 

and small habitat patches) to replenish fat reserves along the way to their breeding 

grounds (Moore et al. 1995).  Consequently, stopover sites are a vital component of a 

Neotropical migrant’s life stage and eventual breeding success (Sillett and Holmes 

2002). 

This dissertation will emphasize examining avian biodiversity at multiple 

hierarchical levels, including the species and community levels and enlighten our 

understanding of gradient analysis.  It aims to further our understanding of the degree to 

which variation in avian community structure and composition can be explained by 

local habitat characteristics and spatial patterns of fragmentation and development in 

the surrounding landscape during both the migratory and breeding periods.  It will 

explicitly examine the biophysical heterogeneity – vegetative and built characteristics – 

of urban landscapes.  It also investigates the relative contribution of local vegetation and 

landscape features to explaining bird distributions to aid future habitat modeling efforts.  

Finally, it tests the importance of life-history characteristics in determining habitat use 

during migratory stopover.  These topics will be addressed in three chapters. 

 

Chapter 2:  Using gradient analysis to uncover pattern and process in urban bird 

communities. 

This chapter provides a review and synthesis of urban gradient analysis 

approaches for understanding urbanization affects on avian biodiversity.  I incorporate 

examples from three urban systems (one from California and two from Ohio) to 
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illustrate how two new urban gradient paradigms, direct urbanization and urban context, 

can be used to study fine- and coarse-scale patterns and processes.  Based on my 

review, I provide recommendations for future urban biodiversity studies.  

 

Chapter 3:  The conservation value of urban riparian areas for landbirds during 

spring migration: land cover, scale, and vegetation effects.  

This chapter describes the relationship between urbanization and bird 

community composition of Midwestern U.S.A. riparian areas during spring migration.  I 

take a multi-scale approach investigating how local and landscape attributes affect 

relative density, species richness, and evenness of four migratory guilds: permanent 

residents, short-distance migrants, and both en-route and summer resident long-distance 

Neotropical migrants.  I measure land cover (percentage tree cover, percentage grass 

cover, and building area) at four spatial scales (50, 100, 250, and 500 m radii around 

plots) and local vegetation structure and composition characteristics (within 35 m radius 

around a plot).  With these measures, I estimate the effect development patterns might 

have on migrating bird communities along urban riparian areas within the Cincinnati 

metropolitan area.  

 

Chapter 4:  Untangling the relative importance of vegetative and built features on 

breeding riparian birds within a complex urban environment: local vegetation, 

landscape, and scale. 

In this chapter, I examine how the spatial arrangement and composition, or 

heterogeneity, of biophysical structure within a metropolitan area contributes to the 
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structure and composition of urban riparian biodiversity.  Specifically, I examine how 

two key elements of the biophysical structure – vegetation and built infrastructure – 

influence the distribution of breeding bird species within urban areas.  I compare the 

relative importance of the structure and composition of these elements on birds across 

multiple spatial scales within the Cincinnati metropolitan area.  I measure breeding 

birds over a four-year period and measure local vegetation structure and composition 

within 35 m around a plot and landscape features (percentage tree cover, percentage 

grass cover, and building density) at multiple spatial scales (at 50, 100, 200, 300, 400, 

500, 600, 700, 800, 900, and 1000 m radii around plots).  I describe the relative 

contribution of local vegetation and landscape features for predicting bird distributions 

and identify the scales at which bird species respond most strongly to landscape 

biophysical measures. 
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ABSTRACT:  Understanding the processes that create repeatable patterns in urban bird 

distributions is a challenge that requires investigation at multiple spatial, temporal, and 

biological scales.  Based upon our research of urban systems in California and Ohio, we 

demonstrate how gradient analysis is a useful tool for understanding both fine- and 

coarse-scaled processes.  We also explore how life-history characteristics permit some 

species to utilize and even thrive in urban areas while others cease to exist.  Finally, we 

provide recommendations to improve our understanding of urban bird communities 

using gradient analyses and emphasize the need to derive a common framework that 

incorporates the ecological and social heterogeneity of urban systems. 
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INTRODUCTION 

A primary aim of urban ecology is to enhance our understanding of the structure 

and function of urban systems (McDonnell and Pickett 1990).  Urban systems offer a 

unique ecological situation whereby biophysical and socioeconomic factors interact 

hierarchically across spatial and temporal scales.  These complex interactions produce 

dynamic feedbacks resulting in “emergent properties,” such as exacerbated disturbances 

(e.g., frequent flooding, pollution, climate change, etc.), species turnover, and societal 

impacts (e.g., health problems, gentrification, etc.) (Machlis et al. 1997, Pickett et al. 

2001, Redman and Jones 2005).  Insights into these systems allow ecologists to share 

recommendations with policymakers, land-use planners, and homeowners regarding 

land-use practices that enhance not only native biodiversity, but also the quality of life 

for the people living and working within these areas by increasing their opportunities to 

interact with local wildlife (Miller and Hobbs 2002, Turner et al. 2004).  

Urbanization can be defined as the “city construction process” (Gottdiener and 

Hutchinson 2006), which creates a heterogeneous landscape of varying land uses.  From 

an ecological perspective, urbanization represents the process of converting, degrading, 

and fragmenting natural habitats (McDonnell and Pickett 1993, Marzluff 2001).  The 

direct ecological impact from urbanization involves the replacement of native 

vegetation structure by city infrastructure (e.g., buildings, roads, utilities).  Indirectly, 

urbanization alters vegetation composition and structure by the process of fragmentation 

and degradation, which reduces habitat quality for several native species and increases 

the quality for early colonizers and non-native species (McKinney 2002).  Not 
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surprisingly, urbanization affects birds in myriad ways (Chace and Walsh 2006). 

As a taxonomic group, birds by their conspicuous nature have garnered the 

greatest attention by urban ecologists.  While several vertebrate species fail to persist in 

urban habitats, birds, through their mobility and plasticity, have been successful at 

exploiting highly fragmented urban landscapes.  Over the past decade, urban ecologists 

have focused their research on questions examining the patterns and processes 

structuring urban bird populations and communities by incorporating variations of 

McDonnell and Pickett’s (1990) urban-rural gradient methodology (McKinney 2002, 

see Chace and Walsh 2006 for review). The results from these studies have varied 

depending upon the diversity (or biological) measures used. In general, urban areas 

harbor fewer species than more natural areas (Marzluff 2001, McKinney 2002).  Many 

species that do persist in urban areas are often widespread natives (i.e., cosmopolitan) or 

non-natives (Blair 2001, McKinney 2002).  Yet several studies show that certain urban 

land-use types can support native species (Blair 1996, Marzluff 2005), suggesting the 

possibility of designing urban landscapes to sustain local indigenous species diversity.  

In this paper, we use multiple urban systems to demonstrate how gradient 

analysis is a useful tool for understanding both fine-scaled and coarse-scaled processes 

that influence bird community composition.  We also demonstrate how life-history 

characteristics allow some birds to exist and even thrive in urban settings while limiting 

the existence of other birds.  Finally, we highlight opportunities to improve our 

understanding of urban bird communities by integrating the ecological and social 

heterogeneity of urban systems into our studies of urban ecology.  
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GRADIENT ANALYSIS AS A TOOL FOR STUDYING URBAN BIRDS 

The Urban System 

Rapid worldwide urbanization presents an immediate challenge to 

conservationists throughout the world (Berry 1990, Vitousek et al. 1997, Czech et al. 

2000, Dale et al. 2000).  The current global population exodus from rural areas has 

placed an unprecedented majority of the Earth’s people living within and around urban 

areas, thus severely testing the limits of not only local infrastructure, but of ecosystems 

worldwide (Vitousek et al. 1997, Fund 2004).  This growing trend is not limited to 

developing countries, but is happening worldwide as complex global economic 

“incentives” and cultural “preferences” spur development towards ever larger mega-

metropolises (Berry 1990, Gottdiener and Hutchinson 2006).  The growth of mega-

metropolises and metropolitan areas worldwide signifies the increasing importance of 

understanding urban systems.  Specifically, metropolitan areas represent a 

kaleidoscopic spatial arrangement of biophysical and socioeconomic patterns and 

processes within a complex hierarchical system (McDonnell and Pickett 1993, Pickett et 

al. 2005).  Hence, metropolitan areas provide a unique opportunity to examine and 

predict ecological effects across multiple spatial and temporal scales, using a 

multidisciplinary framework that includes sociology, economics, urban planning, and 

ecology (Alberti 2005, Cadenasso et al. 2006).  Understandably, then, developing a 

holistic understanding of the dynamic heterogeneity of urban systems represents the 

new frontier for urban ecology.  
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URBAN-RURAL GRADIENT ANALYSIS  

One goal of urban ecology is to understand how landscape patterns influence 

ecological process; how we describe and define this landscape heterogeneity within 

urban systems is important (Pickett and Cadenasso 1995, Wu and Loucks 1995).  Urban 

ecologists have struggled to define urbanization in a succinct manner (McIntyre et al. 

2000, Marzluff 2001, Theobald 2004, Cadenasso et al. 2007), in part because urban 

systems are exceptionally complex, and cannot be categorized simply as either “urban” 

or “natural” habitats (or landscapes) (Pickett et al. 2001, Theobald 2004).  Instead, 

urban systems are an intricate arrangement of varying land uses that result in a mosaic 

of human modification and built structure.  This heterogeneity establishes complex 

gradients extending from dense central cities (or urban cores), through industrial, 

transportation, residential, and commercial land covers (Cadenasso et al. 2006). To 

accommodate such heterogeneity, several urban ecologists have adopted the urban-rural 

gradient paradigm popularized by McDonnell and Pickett (1990), which is based on 

well-established models of ecological gradients (Whittaker 1967, Austin 1987, Ter 

Braak and Prentice 1988).  Specified gradients are one reasonable solution to the 

problem of multiple concepts of urbanization (McIntyre et al. 2000; Theobald 2004).  

Urban-rural gradients differ from traditional gradient analyses in that they explicitly 

incorporate people as ecological drivers (e.g., built infrastructure).  The urban-rural 

gradient approach has proven useful for studying the complex spatially varying effects 

of urbanization on forests (Goldman et al. 1995, Medley et al. 1995, McDonnell et al. 

1997, Pickett et al. 2001), terrestrial organisms (Blair 1999), and aquatic systems (Paul 

and Meyer 2001, Fraker et al. 2002, Groffman et al. 2003).  
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The urban-rural gradient can be quantified in various ways.  Traditionally, the 

geographic perspective on urbanization has defined these areas as a “dense, highly 

developed core, surrounded by irregular rings of diminishing development” (from 

Dickinson 1966 as cited in McDonnell and Pickett 1990:1233; also similar to von 

Thünen’s location theory; von Thünen 1826).  Following this classical definition, the 

urban-rural gradient paradigm has often been conceived as a linear transect from the 

inner city to less-altered landscapes across broad spatial scales.  For example, 

McDonnell and Pickett’s (1990) urban-rural gradient was a linear 140 km transect 

extending north from Central Park in New York City to rural Connecticut.  To quantify 

urbanization in their studies, McDonnell and Pickett included distance from the urban 

core as one of several landscape factors.  However, it is important to note that urban-

rural gradients are not necessarily linear transects across the landscape (Austin 1985), 

especially at smaller spatial scales. Instead, these gradients are “abstract orderings of 

changes in land cover, land use, human activity, and the fluxes of capital, energy, 

material, and information in and around cities” (Cadenasso et al. 2006:5).  Accordingly, 

the degree of urbanization can be ordered along conceptual gradients in which scattered 

sites that can be ordered according to a specific indicator of urbanization, such as 

human population or vegetation cover (Pickett and Cadenasso 2006).  Regardless of the 

gradient model chosen, it is important to identify the features of the gradient, how they 

are quantified, and how they change over space for any particular study (McIntyre et al. 

2000).  To date, no single measure has gained universal approval for quantifying 

urbanization along gradients.  In general, most studies have used measures of human 

population, building, or road density to quantify increasing urbanization (Marzluff 
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2001, Pickett et al. 2001). 

Scale considerations when using urban-rural gradients 

Because urbanization operates across a continuum of different spatial scales, 

gradient analyses is particularly useful as it can be applied at multiple scales (Whittaker 

1967, Pickett and Cadenasso 2006).  Conducting multi-scale studies is much needed in 

order to understand at what scale ecological processes and patterns uniquely appear 

(Wiens 1989b, Levin 1992, Hostetler 2001).  The heterogeneity along a gradient can be 

distinguished into differing patches at whatever scale is chosen.  For example, as the 

scale of analysis becomes finer, large patches that were internally homogeneous to one 

another can become a multitude of smaller heterogeneous patches (Cadenasso et al. 

2003), thus highlighting the importance of carefully considering the scale(s) in question 

for a particular study.  

Because urban areas are quite heterogeneous, definitions of urbanization will 

differ depending on the grain (the resolution or detail) and extent (the geographic 

coverage) of the study (Cadenasso et al. 2007).  Most studies have focused on 

examining large spatial extents (> 1 km
2
), where urbanization has been classified into 

broad land cover/land use types — wildland, rural/exurban, suburban, and urban 

(Marzluff et al. 2001).  The reasons for using a coarse-scale approach are two-fold: 1) it 

is a simple way to document the expansion of urban areas, and 2) it often reflects the 

best possible resolution (e.g., 30 m resolution Landsat data) due to the limited 

availability of high-resolution land cover/land use data (< 30 m resolution, e.g., 

IKONOS or Quickbird imagery; Hostetler and Holling 2000, Gottschalk et al. 2005, 
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Cadenasso et al. 2007).  Notably, however, as the grain and extent of the study change, 

so, too, do ecological relationships.  For instance, Pautasso (2007) found that 

correlations between measures of urbanization and species richness turns from positive 

to negative below a study grain of < 1 km
2
 and extent of < 10 000 km

2
.  With fine-grain 

studies, researchers are directly measuring the fine-scale heterogeneity of urban systems 

(i.e., replacement of vegetation by impervious surfaces); the resultant negative 

coefficients are caused by the direct loss of habitat by urban infrastructure.  In contrast, 

coarse-grain studies are sampling over a diversity of landscapes (i.e., heterogeneity of 

landscapes); the positive relationships seen at these broader scales are consistent with 

the concept of species-area curves (Rosenzweig 1995).  In other words, by sampling 

more area there is a greater likelihood of sampling more species because of the greater 

diversity of habitats surveyed.  In addition, using a relatively coarse grain (> 1 km
2
) for 

environmental variables may result in underestimating the heterogeneity or varied 

patches in a landscape (Kühn et al. 2004). 

Increasingly, ecologists are interested in understanding the ecological function 

of urban areas themselves, which requires fine-grained studies (Grimm et al. 2000).  

Traditional coarse-grained approaches make it difficult to separate land cover from land 

use and often disconnect people from “natural” components.  The broad availability of 

U.S. Geological Survey (USGS) Landsat imagery (e.g., NLCD; Vogelman et al. 2001) 

served urban ecologists well for quantifying the array of landscape factors to establish 

gradients for coarse grained studies, but the 30 x 30 m pixel resolution of the data 

makes it difficult to tease out fine-grained heterogeneity or habitat patches (e.g., narrow 

habitat corridors or single trees on parcels) (Gottschalk et al. 2005).  Consequently, the 
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variety and abundance of vegetation within the “urban” classification is neglected 

(Cadenasso et al. 2007).  Since several studies have demonstrated the importance of 

vegetative cover for native bird diversity (Hennings and Edge 2003, Melles et al. 2003, 

Donnelly and Marzluff 2004, Rodewald and Bakermans 2006), new methods that 

incorporate vegetative cover within the varying land-use types of urban systems would 

improve our understanding of how birds respond to the fine-scale heterogeneity, and 

therefore improve conservation and management recommendations for these areas.   

Direct urbanization and urban context paradigms 

For this paper, we introduce two paradigms for thinking about and designing 

urban-rural gradient studies: direct urbanization and urban context paradigms.  Under 

the direct urbanization paradigm, the gradient is quantified from the study sites 

themselves, whereas for the urban context paradigm, the gradient is quantified by the 

surrounding landscape of a site (i.e., landscape context).  The direct urbanization 

paradigm involves explicitly examining sites directly located within various land-use 

types (e.g., sites in wildland, suburban, urban) (Fig. 1a).  The urban context paradigm is 

similar to “ecology in the city” in that sites are embedded within “natural” features or 

green space (Fig. 1b; Grimm et al. 2000).  

EXAMPLES FROM CALIFORNIA AND OHIO: THREE STUDIES 

To illustrate how both fine-scale and coarse-scale processes influence bird 

community composition, we present examples from both previously reported and new 

research on three urban-rural gradients: two studies using the direct urbanization 

paradigm and one study using the urban context paradigm.  The two direct 
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urbanization studies are located in Palo Alto, California and Oxford, Ohio (see Table 

1).  These two studies represent a gradient of land uses ranging from relatively 

undisturbed to highly developed urban areas to capture a range of human-modified 

ecosystems based on six sampling sites: a biological preserve, an open-space 

recreational area, a golf course, single-family detached housing, an industrial-research 

park (or apartment complex in Oxford), and a business district (see Blair 2004 for 

details).  Each of these sites contained sixteen sampling points, which was surveyed 

multiple times over at least two breeding seasons to obtain estimates of the relative 

density of all species.  For the Oxford study, Reale and Blair (2005) additionally 

examined nest fate and nest location at each site along the gradient (see Reale and Blair 

2005 for details).  These two gradients are located within two different biomes: the 

coastal chaparral forest shrub in California and the eastern broadleaf forest in Ohio.  

The third study area is located in Cincinnati, Ohio and is an example of the 

urban context paradigm – where sites of a particular type of “natural habitat” are 

surrounded by varying types of land use (see Table 1).  Within Cincinnati, our sites are 

located within a “natural” riparian area that traverses a spectrum of land-use types from 

relatively undisturbed to highly developed.  Many examples of this paradigm have been 

conducted across broad spatial scales from “urban” to “natural” (McDonnell et al. 1997, 

Donnelly and Marzluff 2004).  But, this fine-scale study differs in that the entire study 

area is located in what would typically be considered the “urban” land-use type of a 

broad-scale gradient (human population density ~ 1,498 persons/km
2
).  We chose this 

fine-scale because our objective was to examine the role of fine-scale heterogeneity on 

riparian bird distributions within the traditional “urban” land-use type.  The study area 
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is situated within the Mill Creek watershed (42 994 ha) and represents all types of land 

cover associated with densely built regions: a varying array of parks and residential, 

industrial, and commercial land uses, including both private and public parcels, all 

within the Cincinnati metropolitan area (for details, see Pennington et al. 2008).  We 

identified 71 sampling points along the streamside edge of two Mill Creek tributaries.  

At each point, we surveyed multiple times during the spring and summer 2002 to obtain 

estimates of the relative density of all species.  The Cincinnati study area is located in 

the Eastern deciduous forest biome.  

For the Palo Alto and Oxford study areas, we ordinated each site along 

conceptual gradients (based on % tree cover, % grass, % impervious, and % building) 

using Principal Component Analysis (PCA) to assess how well we captured variation 

along the gradient (McCune and Grace 2002).  We used the first component axis from 

the PCA as a surrogate measure of urbanization (eigenvalue, percent variance 

explained, and significance of the first axis based on a Monte Carlo simulation were l = 

2.85, % = 57.01, p = 0.001 for Oxford and l = 2.38, % = 47.66, p = 0.001 for Palo Alto).  

For the Cincinnati study, we did not use a PCA analysis for measuring urbanization, but 

instead chose to use building area to capture urbanization and examined the biophysical 

measures of percentage tree cover and percentage grass cover separately.  

GENERAL PATTERNS IN BIRD COMMUNITIES ALONG URBAN- RURAL GRADIENTS 

Urbanization creates distinct repeatable patterns in bird distributions (Blair 

2001, Marzluff 2001, McKinney 2002, Marzluff 2005, Chace and Walsh 2006).  In 

general, studies of bird communities along coarse-scale urban-rural gradients indicate 
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that abundance increases with urbanization however defined (i.e., building or road 

density, percent impervious surface, percent forest) and species richness declines with 

measures of urbanization; however, recent work by Lepczyk et al. (2008) suggests more 

complex responses to varying measures of urbanization.  

Our studies of direct urbanization showed a negative quadratic relationship for 

species richness and Shannon diversity for Oxford, and reflected a peaking of diversity 

measures at less developed and more intermediate levels of urbanization (e.g., golf 

courses and residential areas) (Fig. 2), which has also been documented for European 

cities (Clergeau et al. 1998, Jokimäki and Suhonen et al. 1998); however, our results for 

Palo Alto reflected a more linear decline with increasing levels of urbanization across 

the gradient suggesting potential geographical differences.  This curvilinear trend 

illustrates local extinction and invasion in that minimal development of a site can create 

a more heterogeneous habitat (e.g., trees and lawn patches) that supports a higher 

number of species, but intense development can reduce the numbers of both urban 

avoider and urban adapter species (Blair 1996, McKinney 2002).  Based on the urban 

context paradigm, Cincinnati riparian bird communities displayed a negative curvilinear 

response for both density and species richness with surrounding forest cover, with 

diversity measures peaking at ~ 70 % cover (Fig. 3a; also seen in Donnelly and 

Marzluff 2006).  When the proportion of forest cover drops below 30 %, a sharp decline 

in both density and richness occurs; this appears to be a critical threshold in other 

studies (Donnelly and Marzluff 2004).  For the Cincinnati study, both density and 

richness declined linearly with increasing building area, our surrogate for urbanization 

(Fig. 3b).  This contrasting trend with what has been generally observed could be due to 
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a smaller amount of variation captured across the typical urban-rural gradient, as these 

study sites resided mostly within the “urban” end of the spectrum.    

As urbanization creates a gradient of disturbance, it can also create a gradient of 

homogenization.  The blinking in and out of species across the urban gradients implies 

that some species flourish by exploiting novel resources created from development, 

while others disappear with increased development (see Table 2; McKinney 2006).  At 

the species level, forest-breeding species, considered the hallmark urban avoiders (Blair 

1996, McKinney 2002), displayed a strong pattern of local extinction.  Many of the 

species, and also some of the most abundant, displayed the ability to adjust to moderate 

levels of disturbance (urban adapters), with densities peaking in sites of intermediate 

development (e.g., Northern Cardinal (Cardinalis cardinalis) and American Robin 

(Turdus migratorius); see Table 2).  It is plausible that these patterns result from the 

changes in the processes of predation and nest survivorship or because of fruit-bearing 

ornamental plants common in the suburban landscape, especially for urban Northern 

Cardinals and American Robins (Blair 1996).  Non-native species (e.g., European 

Starling (Sturnus vulgaris) and House Sparrow (Passer domesticus)), representing 

urban exploiters, had the highest densities at the most urban sites for Palo Alto, Oxford, 

and Cincinnati.  These two exploiters are among the most common species comprising 

urban bird communities around the world; unlike urban avoiders and adapters, the 

abundance of these species is not dependent on vegetation, but instead on exploiting 

foods and shelter provided by people (Nilon and VanDruff 1987).  Consequently, as 

urbanization expands globally, biological homogenization will increase as many of the 

same urban adaptable species become increasingly widespread and locally abundant 
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(McKinney 2006).  

 EXAMPLES OF FINE-SCALE AND COARSE-SCALE PROCESSES 

Fine-scale processes: nesting success and artificial nests  

 Using the broad scale land-use gradient from our Oxford study area, Reale and 

Blair (2005) conducted field experiments investigating fine-scale processes including 

nesting success and nest predation using artificial nests (see Blair 2004, Reale and Blair 

2005).  They first explored whether increasing levels of urbanization influenced the 

nesting success of birds, by focusing on Northern Cardinals and American Robins.  

These two species were selected based on their ubiquitous distribution across land-use 

types and due to the efficacy of locating their nests (< 3 m above ground).  Contrary to 

expectations and previous research (Jokimaki et al. 2005), the probability of nest 

predation decreased with increasing urbanization (W = -2.05, P = 0.04; Blair 2004;  

Wald’s statistic (W) was used to identify significant variables (P < 0.05)).  However, the 

decrease in predation with increasing urbanization did not increase the nesting success 

of American Robins or Northern Cardinals (W = 3.44, P = 0.001; Blair 2004).  Since 

site, and consequently level of predation, was not a significant predictor of nest fate for 

robins (df = 1, W = 0.66, P = 0.42; Blair 2004) or cardinals (df = 1, W = 0.002, P = 0.96; 

Blair 2004), the reason for nest failure in more urban sites is more likely nest 

abandonment or food unavailability than predation.  

  Their findings also failed to support the idea that nesting success influences the 

density of individual species.  Even though the nesting success of robins and cardinals 

varied, it was neither correlated to the density of individuals at a site (for robins: df = 1, 
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W = 0.08, P = 0.67; and cardinals: df = 1, W = 0.01, P = 0.84; Reale and Blair 2005) nor 

clearly related to the level of urbanization (for robins: df = 1, W = 0.66, P = 0.42 and 

cardinals: (df= 1, W = 0.002, P = 0.96; Reale and Blair 2005), suggesting that 

individuals are unable to select nesting sites based on the suitability of the land use in 

terms of nesting success.  This inability to select sites highlights the importance of 

conducting fine-scale demographic studies in conjunction with diversity measures in 

assessing habitat quality, especially in urban systems where density of individuals may 

not be a good predictor of nesting success (Bock and Jones 2004, Donnelly and 

Marzluff 2004). 

Gering and Blair (1999) compared predation of both real and artificial nests 

using two Zebra Finch (Poephila guttata) eggs and one plasticine egg within the same 

nest (see Gering and Blair 1999).  Artificial nest types had higher probabilities of 

predation than natural nests (W = 3.44, P = 0.001; Blair 2004), but both displayed the 

same general trend of predation decreasing with urbanization (W = -2.05, P = 0.04; 

Blair 2004), suggesting that artificial nests can serve as surrogates for real nests (no 

significant interaction between nest type and site, W = 0.79, P = 0.78; Blair 2004). 

These findings appear to contradict research that has found nest predation 

increases with urbanization (Jokimäki and Huhta 2000).  These other studies were 

conducted using the urban context paradigm that examined green spaces embedded 

across an array of surrounding land-use intensities.  Jokimäki and Huhta’s  (2000) 

findings are verified by studies that estimated higher abundances of nest predators in 

parks found in urban areas than rural areas (Sorace 2002) and with increasing forest 

width around green spaces (Sorace 2002, Sinclair et al. 2005).  As an example of direct 
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urbanization paradigm, the Oxford urban-rural gradient examined sites across land-use 

intensity types and not just patches of “natural” habitat.  We expect to see more 

dramatic responses when examining sites within land-use types versus sites within 

“parks.”  Caution should be taken when drawing conclusions from gradient studies 

depending on what portion of variation along urban- rural gradient is being evaluated.  

For example, Thorington and Bowman (2003) found that predation varied greatly in 

patches when residential housing density was used to determine the urban gradient.  

Fine-scale processes: nest site selection 

 As an example of fine-scale processes elucidated by the Oxford direct 

urbanization gradient study, Reale and Blair (2005) examined the role of nest site 

location and height for influencing nesting outcome.  In general, the maturity, and 

consequently the height of trees, is lower in urban areas than in less developed areas 

(Porter et al. 2001), plausibly providing fewer nesting options for birds.  Nest height 

significantly influenced nesting outcomes for robins and cardinals (robins: df = 1, W = 

14.157, p < 0.01; and cardinals: df = 1, W = 9.410, p < 0.01; Reale and Blair 2005), with 

nests higher off the ground being more likely to succeed.  Furthermore, mean nest 

height decreased with urbanization (robins: R2 = 0.23, p < 0.001; cardinals: R2 = 0.13, p 

= 0.03; Reale and Blair 2005), suggesting that birds must select lower quality nesting 

sites in more developed areas.  In addition, examination of the breeding bird community 

showed that species that characteristically nest higher in trees dropped out completely at 

the most urban sites, whereas mid- and low-height nesting species increased (Reale and 

Blair 2005).   
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Fine-scale processes: local vegetation effects on bird communities   

Because local (i.e., fine scale) vegetation structure and composition can 

influence the habitat quality for birds (Mills et al. 1989, Donnelly and Marzluff 2006), 

we explored the role of vegetation using the direct urbanization gradient paradigm in 

Oxford and the urban context gradient paradigm in Cincinnati.  For both the Oxford and 

Cincinnati study areas, we documented predictable changes in vegetation patterns 

across the urban gradient (see Porter et al. 2001) and how local vegetation influenced 

riparian bird communities in Cincinnati (see Pennington et al. 2008).  Along both urban 

gradients, native bird species were positively correlated with sites having a high 

proportion of native woody vegetation, while non-native bird species declined with 

native woody vegetation.  Both bird density and richness were more influenced by 

vegetation composition whereas the evenness of the bird community was influenced by 

vegetation structure (Table 3).  In other words, both vegetation structure (MacArthur et 

al. 1966) and composition influence habitat quality (Mills et al. 1991, Rottenborn 1999, 

Reichard et al. 2001, Fleishman et al. 2003).  Forest breeding species, in particular 

Neotropical migrants, displayed the greatest correlation with native vegetation across 

species.  A plausible mechanism could be that native vegetation provides a higher 

abundance of food resources and potential higher nesting success (Schmidt and Whelan 

1999; Reichard et al. 2001).  Notably, just as native birds decrease along the urban 

gradient, so too does the native vegetation community, with non-native vegetation 

peaking in the most urban areas for riparian forests in Cincinnati.  These similarities 

across the gradient highlight the difficulty of teasing out process from pattern in a 

system that has coupled factors influencing ecosystem processes.  However, these 
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findings also suggest that the loss of native vegetation is a major process through which 

development affects native and non-native birds.  

Coarse-scale processes: landscape heterogeneity 

 As stated earlier, heterogeneity can occur at any scale of investigation, from the 

individual tree species of a forest at a fine scale to a mosaic of forest types across a 

landscape at coarse scales.  For the Oxford study area, Porter et al. (2001) found that 

landscape heterogeneity (as measured by percent dissimilarity of woody species) varied 

across the urban gradient (x
2
 = 308.09, df = 5, P < 0.001; Porter et al. 2001) and peaked 

at moderate levels of urbanization (Porter et al. 2001).  This intermediate peak 

corresponds to the pattern we observed for bird community richness and Shannon 

diversity, suggesting that landscape heterogeneity could be another factor driving 

community composition.  Based on the results of a two-variable regression model, both 

bird richness and diversity positively correlated with landscape heterogeneity and 

negatively with the number of canopy patches, implying that bird diversity is highest 

when there is a mixture of vegetation types in large patches (Blair 2004).  One 

explanation for these patterns is that when woody vegetation is lost due to urbanization 

it creates a disturbance that facilitates local invasion by pioneer generalists of both plant 

and bird species, thus temporarily increasing species richness.  Over time, this increase 

is tempered by the loss of species due to habitat loss.  Indeed, high loss of woody 

vegetation associated with development has been shown to facilitate the invasion of 

non-native woody species (Hutchinson and Vankat 1997). 
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Coarse scale processes: spatial effects of surrounding land-use 

Birds respond to habitat heterogeneity at a variety of scales and the level of 

response varies for different species (e.g., body size, migrating and foraging habits) 

(Hostetler 1999), yet few studies have addressed this in urban ecology.  Such 

information is important not only for ecologists, but for city planners as well, since a 

connection exists between the scales at which birds respond to landscape structure and 

the scales at which people drive development (Hostetler 2001).  Traditionally, urban 

habitat studies have arbitrarily selected a scale (e.g., local vegetation as a fine-scale 

measure and a landscape variable (often within 1 km of the site) as the coarse-scale 

measure) to correlate bird measures to habitat structure.  As a few studies have pointed 

out, these arbitrary scales may not reflect the most important scale to which birds 

respond (Hostetler and Holling 2000, Hennings and Edge 2003, Hostetler and Knowles-

Yanez 2003, Dunford and Freemark 2005).  Many of the studies that have examined 

landscape structure and scale have used broad urban-rural gradients and employed 

coarse-resolution land use/land cover data (i.e., Landsat satellite imagery).  

Additionally, bird data is often collected at a much finer resolution (e.g., survey point 

counts or line transects) than the methods used to quantify the urban gradient (e.g., 

quantifying habitat with 30 x 30 m pixel resolution landcover data), creating a scale 

mismatch between remote sensing and bird data that is rarely addressed (Gottschalk et 

al. 2005).  Depending on the species in question, the scale of interest could vary 

significantly (Hostetler 1999). 

In contrast to previous studies, we used fine-resolution IKONOS satellite 

imagery (4 m
2
 pixel resolution) of the Cincinnati area to classify forest cover and use 
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digitized building footprints from fine-resolution color orthophotos to calculate building 

area (see Pennington et al. 2008).  We examined bird diversity and landscape structure 

at 50, 100, 250, and 500 m radii surrounding each riparian site based on a priori 

knowledge that several breeding bird territory sizes are encompassed within smaller 

scales and the larger scales might be for migrating species.  Our findings show that 

riparian birds respond most strongly to landscape structure at the 250 m scale (see Fig. 

4).  This implies that to maintain native birds we need to avoid activities that diminish 

tree cover both near and adjacent to urban streams and that riparian buffers of 250 m are 

sufficient to protect a reasonable amount of bird diversity. 

Another aspect to our investigation addressed how migratory guild as a life 

history characteristic influenced birds’ response to landscape structure.  During the 

spring, Neotropical migrant density and richness peaked with increasing tree cover and 

fewer buildings at the 250 m and 500 m scale (Fig. 4).  In contrast, exotic species 

density peaked as building area increased and tree cover decreased at the 250 m scale 

(Fig. 4a,b).  Larger areas of forest cover are possibly perceived as having higher habitat 

quality in terms of food and nesting resources for Neotropical migrants.  Short-distance 

migrants and permanent residents displayed the weakest response to landscape structure 

across scales with marginal responses to tree cover and grass cover at the 250 m scale 

and no response to building area (Fig. 4).  It is possible that these two groups of species 

have adjusted to the habitat changes because they live in this location most if not all of 

the year, yet it is also possible that these groups were responding to scales beyond what 

we measured (Mayer and Cameron 2003b).  

Additionally, the grain of the study can affect how much variation is captured 



 

33 

and may have limited our ability to discern patterns.  Another study of Neotropical 

migrants in Ohio found no relationship between bird abundance and forest cover or 

urbanization using a 1 km radius and 30 m
2
 Landsat imagery (Rodewald and Matthews 

2005).  The fact that we did find a relationship between migrants and landscape 

structure at a finer scale suggests that some spatial relationships may begin to break 

down at larger scales (> 500 m).   

 IMPORTANCE OF CONSIDERING LIFE-HISTORY CHARACTERISTICS  

Grouping bird communities based on differing life-history guilds can aid in 

distinguishing process from pattern (Levin 1992) as illustrated above in the spatial 

section for migratory guilds.  In this section, we highlight additional examples from the 

direct and urban context paradigms from Ohio that underscore the importance of 

considering life-history traits in discerning pattern and process. 

Examining species’ brooding strategy (number of broods per year) can provide 

insights when interpreting ecological patterns.  For the Oxford study, Reale and Blair 

(2005) partitioned the breeding bird community into brooding strategies of single, 

double, and multiple broods during the breeding season. We then examined if brooding 

strategy changed across the urban-rural gradient (see Reale and Blair 2005).  The 

proportion of species in the community that rely on multiple brooding sharply increased 

with urbanization.  In contrast, single brooding species displayed a dramatic preference 

for the least disturbed sites on the gradient.  Interestingly, these patterns are similar to 

the above patterns for the riparian migratory guilds.  The shift in the overall 

community-level brooding strategy is due to the replacement of single brooding 
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Neotropical migrant species with generalist, multi-brooding species represented by 

many short-distance and permanent residents of Ohio.  Presumably, multiple brooding 

species are able to compensate for nesting losses in sites with low nesting success by 

making multiple attempts, while many Neotropical migrants are restricted to one or two 

broods given the constraints of long-distance migration (Moore et al. 1995).  In 

addition, a change in community-level brooding strategy from low productivity to high 

productivity at low and highly developed sites suggests a possible change in overall 

nesting-habitat quality for some species along the gradient. These findings indicate that 

nesting success over the entire season for the community may provide a better 

understanding of the distribution of bird species than examining only individual nesting 

failure alone.       

An important aspect of the Cincinnati riparian study is to understand the role of 

urban areas in providing stopover versus breeding habitat for long-distance migrants 

species (see Pennington et al. 2008; Pennington unpublished data).  Habitat use during 

migration has been largely overlooked in the development of conservation strategies 

(Mehlman et al. 2005). Instead, most research has been conducted during the breeding 

season.  However, different life stages can represent periods when birds respond to the 

landscape in fundamentally different ways.  During the breeding season, birds focus on 

establishing territories and nesting sites, whereas during migration, birds focus on 

resting and foraging along the way to and from their wintering grounds (Moore and 

Kerlinger 1987).  Hence, food availability could be the most important criteria for 

selecting suitable stopover habitat en-route (McWilliams et al. 2004, Smith et al. 2007).   

We examined riparian bird communities during the spring and summer breeding 
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seasons of 2002 (surveyed six times during 4 April – 25 May and six times during 30 

May – 15 July).  To examine migratory season, we divided the Neotropical migrants 

into en-route (those that are not known to breed within the study area, but do utilize the 

area during stopover) and potentially breeding species (species known to establish 

breeding territories within the study area).  During the migratory season, we found that 

several Neotropical species utilize urban riparian forests. Potentially breeding 

Neotropical migrant density and richness increased with the amount of tree cover and 

low levels of development surrounding the stream (i.e., less urban sites), while en-route 

migrant density and richness were highest in areas of high tree cover regardless of the 

level of development (Fig. 5).  This finding suggests that some urban areas with high 

tree cover (e.g., a residential neighborhood with mature trees throughout) are perceived 

as “forest” and suitable stopover site to long-distance migrants en-route, but are 

perceived as unsuitable habitat by potentially breeding individuals.  A comparison of 

response to landscape structure during spring migration and breeding season further 

supports this finding.  During the spring Neotropical migrants respond most 

significantly to tree cover, but during the breeding season they respond most strongly to 

building area surrounding a site (Pennington 2003). 

 

NEW DIRECTIONS FOR APPLYING URBAN-RURAL GRADIENT ANALYSES IN AVIAN 

RESEARCH 

Throughout this paper we have provided examples from our own work on 

urban-rural gradients to highlight how this methodology can provide insights into 
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complex processes structuring bird communities in urbanizing areas.  We recommend 

the following for future research on birds in urban areas.  

Analyze the community in total, as different migratory groups, and by life history traits 

Researchers should use partitions of the bird community and not limit their 

analyses to the entire bird community alone.  Dividing the total bird community into 

functional guilds (e.g., migratory guilds, brooding guilds, foraging guilds) can provide 

key insights into pattern and process (Levin 1992) (Fig. 4).  An important finding from 

our analyses shows that brooding and migratory guilds respond to urbanization in 

different ways.  A change in species distribution based on brooding strategy from low 

productivity to high productivity with increased development possibly signifies lower, 

less predictable, habitat quality and an attempt to overcome this limitation (Reale and 

Blair 2005).  Our analysis of migratory guilds along riparian areas in Cincinnati showed 

a dramatic decrease in Neotropical migrant abundance and diversity with increasing 

urbanization (Pennington et al. 2008) in contrast to an overall increase in total bird 

abundance.  These contradictory trends are supported by other studies on breeding bird 

communities (Friesen et al. 1995, Hennings and Edge 2003, Mayer and Cameron 

2003b, Miller et al. 2003).  Additionally, studies differentiating the breeding bird 

community using foraging guilds have shown that urban avoiders tend to be 

insectivorous leaf gleaners, and urban adapters and urban exploiters comprised of 

mainly ground foraging seedeaters and omnivores (e.g., Emlen 1974, Miller et al. 2003, 

McKinney 2006).  Further research investigating food availability (e.g., insect 

abundance and supplemental feeding) and species competition (e.g., foraging efficiency 
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(Shochat et al. 2004), along urban gradients is needed.  

Bird responses differ seasonally 

Our examination of riparian bird communities during the spring migratory 

season highlights the need for more detailed studies on the affects of urbanization on 

migrant stopover strategies.  Conservation strategies have traditionally focused on 

breeding and overwintering habitat quality, which were often thought to be the primary 

factors influencing population declines.  Consequently, urban areas have been perceived 

as inhospitable to Neotropical migrants and ignored when devising conservation plans.  

However, recent evidence suggests that factors experienced during a migrant’s journey 

to and from the wintering and breeding grounds could ultimately be driving some 

Neotropical migrant population declines (Sillett and Holmes 2002).   Our findings 

imply that certain levels of development, traditionally considered poor habitat for 

breeding Neotropical migrants, are actually important during spring and fall as stopover 

habitat.   In Cincinnati, both surrounding forest cover and native vegetation composition 

influence en-route migratory species’ responses across the gradient; however, building 

area surrounding the stream is not as important (Pennington et al. 2008).  These findings 

suggest that for stopover conservation, if development must occur, it should incorporate 

a high degree of vegetative structure (especially mature trees > 70 yr; Donnelly and 

Marzluff 2006) and native vegetation composition.  Measures of habitat-specific 

demography and dispersal during migration should also be examined along the urban-

rural gradient to further improve conservation recommendations.  In addition, studies of 

the effects of urbanization on migrant wintering habitat are also needed.  We caution 
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against the general labeling of Neotropical migrants as “urban avoiders” in the future as 

this designation depends on whether the bird is breeding, migrating, or overwintering at 

the time of the study. 

Assess species richness, diversity, and evenness for a comprehensive view of the 

community 

There are several indices to measure diversity, yet no single measure includes 

the number of species and species abundance while revealing how much either 

contributes to the final value (Hayek and Buzas 1997).  Therefore, measures of density, 

species richness, and evenness are needed to capture different aspects of diversity.  

Most community-level studies have relied on the community measures of 

abundance/density or species richness when evaluating bird communities (Marzluff 

2001), often ignoring the role of evenness; however, our results from Cincinnati suggest 

that evenness provides additional information on community processes.  Evenness 

accounts for how evenly partitioned individuals are among species, and is a potentially 

important measure for urban studies since bird communities are often dominated by a 

few species (McKinney 2002, Blair 2004).  In general, density, species richness, and 

evenness differed in the magnitude of response to scale and local habitat variables 

across migratory guilds (Fig. 4) (Pennington et al. 2008).  For example, evenness for the 

total bird community and in particular, permanent residents, decreases with 

development, indicating that a few synanthropic species dominate the urban bird 

community (Johnston 2001).  Additionally, density and species richness are influenced 

by the local vegetative composition of riparian forests whereas evenness is influenced 
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by vegetative structure (Pennington et al. 2008). 

Incorporate both experiments and field observations on demographics to understand 

individual and community dynamics shaping bird distributions 

As illustrated earlier, both demographic and community-level studies are 

important for elucidating process from pattern.  Community-level studies that quantify 

relative species abundance have been, and continue to be, essential for understanding 

the effects of urbanization on bird community structure and composition.  However, the 

insights derived from these observed patterns regarding the processes driving 

community change are limited and could be potentially misleading (Marzluff et al. 

2001, Shochat et al. 2006).  Studies of only species presence/absence or relative 

abundance cannot determine whether detected individuals of a species are experiencing 

positive or negative survivorship at a site.  Consequently, these studies do not 

differentiate whether a population is a source, sink or stable (Pulliam 1988).  Therefore, 

field experiments and field observations on population demographics should be 

incorporated into studies of relative abundance.  Given our findings regarding 

predation, demographic studies should also account for the contribution of food 

availability, re-nesting, and multiple brooding to better estimate population growth rate, 

source-sink dynamics, habitat quality, or population viability (Nagy and Holmes 2004).   

Recognize that the amount of variation across a gradient will influence the pattern 

observed 

It is important to consider the context of the urban-rural gradient for a particular 

study when drawing conclusions about process from the patterns observed.  The amount 
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of variation captured across a gradient can vary from study to study with some studies 

examining only a small portion of the entire urban-rural gradient spectrum (Marzluff et 

al. 2001).  In other words, some studies have focused on the entire gradient at broad 

scales and others on only one or two land-use types along the gradient, which may 

explain why it has been difficult to elucidate generalities regarding bird responses to 

urbanization (McKinney 2002).  For example, the curvilinear responses observed for 

the Palo Alto and Oxford studies may result from an entire array of land-use intensity 

types (Fig. 2).  Observed linear responses of decreasing richness and diversity with 

increasing measures of urbanization could be due to studies only capturing variation 

along suburban to urban land-use types, whereas positive linear responses could be due 

to only capturing variation along exurban to suburban types (Fig. 3).  On the other hand, 

the type of response (i.e., linear vs. curvilinear) may also be due to the urban measure 

used (Lepczyk et al. 2008). 

Recognize that some studies focus on intensifying land use while others focus on 

intensifying surrounding land use 

The two common urban-rural gradient paradigms, direct urbanization and urban 

context, focus on intensifying land use and on intensifying surrounding land use, 

respectfully.  Both are valuable methods for discerning pattern from process at fine and 

coarse scales.  When examining sites within all land-use types comprising the spectrum 

of the urban-rural gradient, species responses will often be more dramatic than when 

only examining sites located within “green spaces.”  Most urban-rural gradients in 

urban ecology have followed the urban context paradigm.  Although this paradigm 
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continues to be important, studies that evaluate sites located within differing 

intensifying land uses are needed to directly measure how species are responding to 

various types of development.  In addition to increasing the number of studies explicitly 

examining various land-use types, we also need further investigation on the variation 

within a particular land-use type (e.g., not all suburban residential areas are the same 

and can vary in size, density, age, etc.).  

Analyze land-use/land cover at an array of scales 

Processes determining the richness, composition, and dynamics of communities 

occur at various scales (Wiens 1989a).  Consequently, multi-scale analyses should be 

considered for both demographic and community-level studies along urban-rural 

gradients (Hostetler 1999).  As illustrated by our analyses on migratory stopover, both 

spatial and temporal scales are important for understanding bird distributions.  More 

studies are needed to address how results vary as a function of scale and to search for 

consistent patterns in these scale effects (Rahbek 2005).  Researchers should also report 

the spatial grain and extent of their study area since these two constraints can greatly 

influence conclusions (Mayer and Cameron 2003a).  For example, both coarse- 

(landscape level) and fine- (vegetation level) scale factors influence stopover habitat 

selection along riparian areas in Cincinnati (Pennington et al. 2008).  In addition, 

researchers should address the issue of using coarse-scale land use/land cover data with 

fine-scale bird surveys (Gottschalk et al. 2005).  The land use/land cover data 

classifications (e.g., USGS Anderson-derived classifications) used to quantify the 

gradient influences the amount of fine-scale heterogeneity captured across the urban-
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rural gradient (Cadenasso et al. 2007).  

The intended audience should also be considered when determining the scale of 

a particular study.  For example, an ecologist may want to know only about a forest 

patch, a homeowner may only be concerned about the parcel, a land manager may want 

to know about protected lands, and a planner may want to know effects at the zoning or 

municipal level.   Historically, urban ecologists have been satisfied with focusing on the 

ecology of urban systems (i.e., an organisms’ response to biophysical variables).  As we 

are now realizing, our current understanding of even the ecology is quite limited in the 

absence of social and economic factors (Pickett et al. 2001, Alberti 2005, Grove et al. 

2006a).  Recent efforts analyzing socioeconomic and demographic aspects of urban 

ecology have suggested potential mechanisms by which private landowners influence 

bird communities (e.g., Lepczyk et al. 2004a,b, Kinzig et al. 2005).   We need to move 

towards a more inclusive interdisciplinary approach to studying the effects of 

urbanization on organisms as described below.    

Incorporate biophysical and socioeconomic factors into gradient analysis 

A more inclusive approach to studying urban systems – the ecology of cities – 

addresses the entire range of habitats within metropolitan areas and not just the green 

spaces that are the focus of the ecology in cities described thus far (Pickett et al. 

1997a,b, Grimm et al. 2000).  In urban systems, people make decisions at multiple 

scales, from individuals to households to municipalities and agencies, which directly 

influence the landscape mosaic (Grove et al. 2006b). In this approach, people and their 

institutions are recognized as a part of the ecosystem and not just outside influences 
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(Cadenasso et al. 2006).  Understanding the feedbacks between socioeconomic and 

biophysical factors, both spatially and temporally, will allow urban ecologists to more 

explicitly tease a part finer scale processes driving bird distributions. 

To do this, we will need to explore new ways to quantify the complex 

heterogeneity of these areas. Researchers at the Baltimore Long-Term Ecological 

Research site (LTER) have developed a new comprehensive method for integrating the 

built and natural components of urban systems into a high-resolution classification tool, 

High Ecological Resolution Classification for Urban Landscapes and Environmental 

Systems (HERCULES) (Cadenasso et al. 2007).  This tool provides urban ecologists the 

opportunity to examine structure and function separately at spatial scales appropriate for 

urban areas.  Incorporating HERCULES, or other land cover models that separate built 

versus vegetation elements, with urban avian studies promises to aid in illuminating 

both the biophysical and socioeconomic drivers of bird distributions.  

Conclusions 

Even though we have highlighted several differences in the ways urban 

ecologists can, and should, examine patterns and process using gradient analysis, we 

want to emphasize that we, as researchers, need to focus on the commonalities among 

studies using similar methods.  It is important to understand how our methodological 

differences influence the patterns observed, but we also need to derive a common 

framework so that we can compare our studies and findings as illustrated by a comment 

at a recent professional meeting noting that if ecologists were given the task of 

discovering the Universal Law of Gravitation, they still would be dropping different 
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items from the apple tree to see to see how differently they fell under different 

conditions.  In our work as urban ecologists and ornithologists, we need to focus on the 

universal similarities of our systems and not the picayune differences.  
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Table 1.  A general description of the three different rural to urban gradient studies: Palo Alto, CA, Oxford, OH, and Cincinnati, OH. 

  

Direct Urbanization  Surrounding Urbanization 

 Palo Alto, CA Oxford, OH  Cincinnati, OH 

Human population 

density 

955.8/km! 402.8/km!  1,498.0/km! 

Extent of area sampled ~150 ha  ~ 150 ha  ~ 100 ha 

# of plots sampled 6 sites, 16 points per site 6 sites, 16 points per site   71 points; identified systematically from 

a random starting point 

The amount of the 

coarse ‘rural to urban’ 

gradient measured 

Urban, office park, 

residential, golf course, 

open space, and nature 

preserve 

Urban, office park, 

residential, golf course, open 

space, and nature preserve 

 Predominately urban (with varying 

surrounding land uses ranging from 

‘wildland’ to ‘urban’) 

Measure of 

urbanization 

Axis 1 scores from PCA of: 

% tree/shrubs area, % 

grassland and lawn, % 

pavement, % building 

Axis 1 scores from PCA of: 

% tree/shrubs area, % 

grassland and lawn, % 

pavement, % building  

 Building area, % tree/shrubs, and % 

grassland and lawn cover analyzed as 

separate variables 

 

Measures of birds 

 

Species richness 

Relative species    

  density 

 

Species richness 

Relative species    

  density 

Nest search 

Artificial nests 

  

Species richness 

Relative species    

  density 
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Table 2.  Distribution and abundance of summer resident birds in Oxford, Ohio (similar results were found 

for Palo Alto, CA and Cincinnati, OH).  Notes: line widths represent ranges of numbers of birds per hectare 

(x). These ranges are displayed graphically to illustrate the ebb and flow of densities across the gradient for 

each species. Nomenclature follows the American Ornithologists' Union (1998). 
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Table 3.   Model summary for migratory guild community measures and local vegetation measures from multiple regression analyses. 

 Vegetation Composition  Vegetation Structure  

 

Native tree 

frequency  

Native 

shrub/sapling 

frequency 

Total tree 

 richness 

 

Overstory 

stem density 

Understory  

stem density Dead Trees Canopy Height 

 

Migratory guild  Partial r  Partial r  Partial r   Partial r  Partial r  Partial r  Partial r 

Adj. 

r2 

Relative density                 

 AB + 0.2646 - 0.1100 - 0.0340  + 0.1888 - 0.2344 - 0.1494 + 0.0199 0.07 

  N + 0.4159 + 0.2007 + 0.0275  + 0.2149 - 0.1170 - 0.2100 + 0.1341 0.34 

  EN + 0.3585 + 0.0637 + 0.0184  + 0.0961 - 0.0472 - .1878 + 0.1862 0.24 

  PBN + 0.3143 + 0.2032 - 0.0618  + 0.2105 - 0.1012 - 0.1719 + 0.0680 0.22 

  SD + 0.0378 - 0.2872 - 0.0487  - 0.0287 - 0.2346 + 0.0132 - 0.0346 0.05 

  P - 0.0034 - 0.1149 - 0.0573  + 0.2577 - 0.0814 - 0.1219 - 0.0998 0.00 

  E - 0.2339 - 0.2893 - 0.1239  - 0.2373 - 0.1589 + 0.2281 - 0.1975 0.35 

Species richness                 

  AB + 0.4241 - 0.0157 + 0.0610  + 0.2733 - 0.2712 - 0.1769 + 0.0719 0.29 

  N + 0.3974 + 0.2093 + 0.0413  + 0.2576 - 0.1299 - 0.2370 + 0.1234 0.36 

  EN + 0.3403 + 0.1121 + 0.2245  + 0.1196 - 0.0031 - 0.2163 + 0.1801 0.28 

  PBN + 0.2932 + 0.1867 - 0.0635  + 0.2454 - 0.1362 - 0.1885 + 0.0565 0.22 

  SD + 0.2842 - 0.2476 + 0.0511  + 0.0536 - 0.2981 + 0.585 - 0.0441 0.05 

  P + 0.1154 - 0.1329 + 0.0466  + 0.2516 - 0.1482 - 0.1669 + 0.0162 0.01 

Evenness                 

  AB + 0.3189 + 0.1418 + 0.1278  + 0.1099 - 0.0485 - 0.2269 - 0.0394 0.21 

  N + 0.0438 + 0.0867 - 0.0467  - 0.4584 - 0.1302 - 0.0003 + 0.2174 0.29 

  EN + 0.2344 + 0.1085 + 0.1019  + 0.1698 + 0.0097 - 0.1663 + 0.1017 0.15 

  PBN + 0.1592 + 0.1541 - 0.1296  + 0.3400 - 0.1201 + 0.1267 + 0.1211 0.20 

  SD - 0.0092 - 0.2108 + 0.1911  + 0.0232 + 0.2543 - 0.2164 - 0.1328 0.12 

  P + 0.2714 + 0.3162 - 0.0457  + 0.2619 - 0.2178 - 0.2703 - 0.2441 0.32 
a
 (+/-) REPRESENTS EFFECT IN RELATIONSHIP; DENOMINATOR DF ARE 70 FOR ALL EFFECTS: ALL BIRDS (AB), NEOTROPICAL MIGRANTS (N), EN-ROUTE NEOTROPICAL MIGRANTS (EN), 

POTENTIALLY BREEDING NEOTROPICAL MIGRANTS (PBN), SHORT-DISTANCE MIGRANTS (SD), PERMANENT RESIDENTS (P), AND EXOTIC (E; DENSITY ONLY). 
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Figure 1. Differences in the study design for two urban-rural gradient paradigms: a) 

example of direct urbanization gradient paradigm where study sites were located within 

six land-use types (Palo Alto, CA shown; the method was used for the Oxford, OH 

study); b) example of the urban context gradient paradigm where sites are embedded 

within “natural” features or green space (represented by forested riparian “corridor”) 

that are surrounded by myriad land-use-types (Cincinnati, OH shown). 

 

a) Direct urbanization 

 

 
b) Urban context 
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Figure 2.  Change in community metrics, species richness and Shannon’s diversity, 

along an intensifying urbanization gradient that was quantified based on the PCA Axis 

1 scores (constrained by % tree cover, % grass, % impervious, and % building cover).  
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Figure 3.  Change in community metrics, relative density and species richness along an 

intensifying urbanization gradient quantified by examining % tree cover and building 

area within 250 m separately: a, c) total bird density and richness displayed strong 

curvilinear responses to the amount of tree cover surrounding a site; a peak or threshold 

response for density at 60% tree cover (a) and for richness at 70% tree cover (c); and b, 

d) both total bird density and richness declined linearly with increasing building cover.  
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Figure 4.  Comparison of the proportion of variance explained in linear regressions by 

% tree cover (a, c, e) and building area (b, d, f) across four scales (50, 100, 250, 500 m 

radii) for relative density (a, b), species richness (c, d), and evenness (e, f) for all birds 

(AB), Neotropical migrants (N), short-distance migrants (SD), permanent residents (P), 

and exotic (E; density only) during the spring migratory season for tributaries of Mill 

Creek, Cincinnati, OH; * represents a significant spatial response based on uniqueness 

index tests (p < 0.05).  Abundance and richness displayed curvilinear responses 

(adjusted r
2
 values from linear regressions with a quadratic terms; no uniqueness index 

tests preformed).  a, c, e) In general, native bird density and diversity measures 

increased with the amount of tree cover around a plot; exotic species responded 

oppositely; b, d, f) total birds and Neotropical migrant density and richness decreased 

sharply with increasing building area; again exotic species responded oppositely.  Total 

species evenness declined sharply with increasing building area.  In general, the 250 m 

scale was the most important scale across guilds and landscape measures (Pennington et 

al. 2008).  
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Figure 5. Comparison of the proportion of variance explained in linear regressions by % 

tree cover (a, c) and building area (b, d) across four scales (50, 100, 250, 500 m radii) 

for relative density (a, b) and species richness (c, d) of potentially breeding (PBN) and 

en-route (EN) Neotropical migrants during the spring migratory season for tributaries of 

Mill Creek, Cincinnati, OH; * represents a significant spatial response based on 

uniqueness index tests (p < 0.05). a, c) Both potentially breeding and en-route 

Neotropical migrant richness increased with surrounding tree cover; potential breeders 

displayed a stronger relationship to tree cover > 500 m around stream. b, d) Potential 

breeding Neotropical migrant richness declines sharply with increasing building area 

surrounding the stream, whereas en-route richness displayed little or no response to 

building area (Pennington et al. 2008). 
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The Conservation Value of Urban Riparian Areas for Landbirds 

During Spring Migration:  

Land Cover, Scale, and Vegetation Effects  
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ABSTRACT: Urbanization changes bird community structure during the breeding season 

but little is known about its effects on migrating birds. We examined patterns of habitat 

use by birds at the local and landscape level during 2002 spring migration at 71 riparian 

plots along an urban gradient in Cincinnati, Ohio, U.S.A. Using linear regression, we 

examined variation in relative density, species richness, and evenness of four migratory 

guilds associated with natural land covers and building area at four scales (50, 100, 250, 

500 m radial buffers). We also examined the influence of local vegetation using 

multiple regression models. As building area increased, riparian forests tended to be 

narrower and have fewer native trees and shrubs. In general, native birds were 

positively associated with tree cover (within 250 to 500 m of stream) and native 

vegetation, and negatively with building area (within 250 m); exotic species responded 

inversely to these measures. Short-distance migrants and permanent residents displayed 

the weakest responses to landscape and vegetation measures. Neotropical migrants 

responded most strongly to landscape and vegetation measures and were positively 

correlated with areas of wide riparian forests and less development (> 250 m). Resident 

Neotropical migrants increased with wider riparian forests (> 500 m) without buildings, 

while en-route migrants utilized areas having a wide buffer of tree cover (250 to 500 m) 

regardless of buildings; both were positively associated with native vegetation 

composition and mature trees. Consequently, developed areas incorporating high native 

tree cover are important for conserving Neotropical migrants during stopover. 
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INTRODUCTION 

Urbanization is one of the leading drivers of native species extirpation at 

continental (Czech et al., 2000) and regional scales (e.g., Blair, 2001).  Urbanization 

alters and fragments natural habitats through the removal of native vegetation and the 

introduction of exotic species and novel infrastructure (e.g., buildings, pavement, 

roads).  In general, urban areas support fewer species than natural areas (see Marzluff, 

2001); many species that do persist are typically widespread or exotic (Blair, 2001).  

However, several studies highlight the capacity of certain land uses within urban areas 

to harbor native species (e.g., Blair, 1996) suggesting that better-designed urban 

landscapes could sustain more biodiversity in the future.  Consequently, urban areas 

need not be viewed as ‘ecological sacrifice zones’ by conservationists, but ought to be 

viewed as opportunities to enhance regional biodiversity (Rosenzweig, 2003).  

People have historically settled near streams and rivers for access to drinking 

water, food, irrigation, transportation, and industry.  Given this close association, it is 

not surprising that riparian areas are among the most threatened of landscapes 

(Groffman et al., 2003). In addition to their benefit to people, riparian areas also support 

a high diversity of plants and animals (Naiman et al., 1993).  These areas also provide 

important habitat for migrating birds during the spring and fall (Ohmart, 1994; Skagen 

et al., 1998; Yong et al., 1998; Skagen et al., 2005).  This is of particular interest for 

conservation because of recent declines in some species, especially Neotropical 

migrants (Robbins et al., 1989; Peterjohn et al., 1995).  
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The effect of urbanization on riparian bird communities during the breeding 

season is a relatively recent area of research (e.g., Rottenborn, 1999; Green and Baker, 

2003; Hennings and Edge, 2003; Miller et al., 2003; Rodewald and Bakermans, 2006).  

Habitat characteristics at both the local and landscape scale influenced Western riparian 

breeding bird communities (Rottenborn, 1999, Miller et al., 2003, Smith and Wachob, 

2006).  In particular, distance to the nearest urban structure (buildings or bridges) 

negatively influenced species richness and overall density (Rottenborn, 1999).  In 

Northwestern U.S.A, riparian bird communities of forested parks responded to the 

intensity of human disturbance at different scales around a stream (Hennings and Edge, 

2003).  Further, native vegetation composition of riparian forests was an important 

resource for Western native bird communities (Mills et al., 1989; Rottenborn, 1999; 

Hennings and Edge, 2003).  Native vegetation was correlated with increasing species 

richness and relative density in these riparian systems (Mills et al., 1989, Rottenborn, 

1999); exotic vegetation often lacks the structural and dietary benefits required by many 

native animal species (Reichard et al., 2001).  Additionally, fragmentation and urban 

intrusion near stream corridors lead to an increase in brood parasitic birds and other 

predators, such as stray cats and raccoons, and these negatively affect native breeding 

bird species (Robbins et al., 1989; Gering and Blair, 1999; Reichard et al., 2001; 

Lepczyk et al., 2004).  

Migratory songbirds, because they have complex life histories and range over a 

wide area, pose a unique challenge to conservation (Levin, 1992; Moore et al., 1995; 

Hostetler, 2001).  Recent research suggesting that some Neotropical landbird 

populations are limited during their migratory journey, and not on their breeding or 
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wintering grounds (Sillett and Holmes, 2002), raises the importance of managing 

stopover habitat for long-distance migratory species.  Mechanisms affecting riparian 

birds during the breeding season may also operate during migration.  For example, 

Yong et al. (1998) noted that loss of native vegetation can negatively influence 

populations of Wilson’s warblers (Wilsonia pusilla) during the stopover period. 

Furthermore, as during the breeding season, forest patch mosaics which are close 

together or connected by corridors might be best for migrants (Petit, 2000).  

Insectivorous migrant songbirds in Western states prefer riparian habitats for refueling 

(Johnson et al., 1977; Stevens et al., 1977), but were more abundant in contiguous 

upland forest patches when compared to riparian forests in Columbus, Ohio (Rodewald 

and Matthews, 2005).  In contrast, others report that Midwestern U.S.A. migrants 

concentrate in forested riparian areas during spring and fall (Winker et al., 1992; 

Weisbrod et al., 1993).  Individual species also differ in the selection of habitat based on 

patch sizes from spring to summer (Hostetler and Holling, 2000).  Given the potential 

differences between breeding and stopover habitat selection, identifying the types of 

habitats most important during migration, and how land-use decisions are changing 

these habitats, is a critical but overlooked aspect to conservation planning (Moore et al., 

1995). 

Many existing urban studies that have examined the effects of different habitats 

have ignored community variation across multiple scales (Hostetler and Holling, 2000; 

Hostetler and Knowles-Yanez, 2003; Mayer and Cameron, 2003).  Ecological responses 

can vary depending on the scale in question (Wiens, 1989; Levin, 1992).  Metropolitan 

areas are comprised of a complex mosaic of different land uses including dense 
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development, parks, lower-density suburbs, and smaller city centers (Alberti et al., 

2001).  Consequently, the variation in responses across spatial and temporal scales 

could be quite dynamic.  Studies focusing on these landscape mosaics at varying scales 

within urban areas will aid in developing management practices that enhance habitat 

value through better design (Hostetler, 2001).  

The purpose of this study was to examine the relationship between urbanization 

and bird community composition of Midwestern U.S.A. riparian areas during migration. 

Since different species respond to landscape structure at varying scales, we took a 

multi-scale approach, investigating how local and landscape attributes affect avian 

relative density, richness, and evenness of four migratory guilds as well as exotic 

species.   We explored 1) how land cover at four different spatial scales (50, 100, 250, 

and 500 m radii around a plot) affects the distribution of avian community diversity and 

composition; and 2) how local vegetation influences habitat selection during the 

migratory season, in order to predict the effect development patterns might have on 

migrating bird communities along urban riparian areas.  

METHODS 

Study region 

The 4 243 ha study area within the urbanizing Mill Creek watershed (42 994 ha) 

is located on the geologically homogeneous Pre-Wisconsinan Drift Plains within the 

greater Cincinnati metropolitan area (39.2° N 84.5° W) (Fig.1).  Pre-European 

settlement vegetation was comprised of Beech (Fagus grandifolia) – Maple (Acer 

saccharum) and mixed-mesophytic forests (Braun, 1950).  The area represents one of 
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the fastest growing areas in Ohio, with more than half a million people living and 

working in the watershed (U.S. Census Bureau, 2000) and has been designated one of 

the most polluted and threatened urban rivers in the United States (American Rivers, 

1997).  

Study design 

We sampled birds, vegetation, and environmental variables across a gradient of 

human settlement intensity following an urban gradient approach (McDonnell and 

Pickett, 1990). Along Mill Creek and its tributaries of West Fork Mill Creek and Sharon 

Creek (Fig. 1), we identified 100 plots systematically from a random starting point 

(Ralph et al., 1995) using ArcGIS 9.1 Geographic Information System (GIS) and the 

2002 Cincinnati Area Geographic Information System (CAGIS) dataset (using 2001 

color orthophotos at 0.5 m resolution).  Plots were located along the streamside edge 

across myriad land uses including natural areas and lands belonging to municipalities, 

industries, and homeowners. Stream channel width was similar across plots (~ 10 m).  

We separated plots by at least 150 m and marked them in the field using a global 

positioning system (GPS).  We excluded 29 plots because of physical difficulties of 

surveying or lack of permission from private landowners to access the stream. 

Bird surveys 

We surveyed all 71 plots six times during the spring migratory season (April 4 

to May 25, 2002) using variable-radius point-counts (Reynolds et al., 1980; Bibby et al., 

2000), except for two plots that we only surveyed five times due to adverse weather.  

Pennington recorded all individuals heard or seen during 5 minutes within a 50 m radius 
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during the first 3.5 hours following sunrise.  We surveyed 15 to 20 plots daily, allowing 

all plots to be visited during the same week.  Correction for detectability between 

developed and undeveloped plots was not required because detection functions for most 

species were relatively constant to 50 m (Schieck, 1997).  Additionally, by using small 

sampling circles with repeated sampling we reduced our likelihood of missing 

individuals (Ralph et al., 1995; Siegel et al., 2001).  

Because migrating landbirds continuously move across the landscape, often 

spending only a few days at a location while traveling to breeding habitat, we 

considered a species present at a plot if it occurred once during the six visits.  In order 

to reduce the influence from potentially surveying breeding individuals more than once 

during the season, we calculated the relative density of each species as the number of 

individuals divided by the survey effort (number of visits to a site) and plot area (see 

Reynolds et al., 1980).  We did not include birds flying over or through the sampling 

plot in our analyses.  Further, we did not include raptors, shorebirds, waterfowl, 

nocturnal and crepuscular species, and aerial insectivores in our analyses, because point 

counts are poor at detecting these species (Bibby et al., 2000).  

We examined migratory guilds (Hennings and Edge, 2003; Hurlbert and 

Haskell, 2003; Rodewald and Bakermans, 2006) to elucidate how migration strategy 

influences habitat selection during the spring migratory period.  We divided species into 

migratory guilds: resident Neotropical migrants, en-route Neotropical migrants, total 

Neotropical migrants (the combination of resident and en-route), short-distance 

migrants, and permanent residents (classified using Ehrlich et al., 1988; Peterjohn and 

Sauer, 1993; DeGraaf and Rappole, 1995; Keller et al., 1999; see Appendix A for list of 
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species).  Neotropical migrant species spend their winters in Central and South America 

and migrate long distances in the spring to breed in North America during the summer.  

Resident Neotropical migrants are known to establish breeding territories within the 

study area. En-route Neotropical migrants are not known to breed within the study area, 

but do utilize the area during stopover.  Short-distance migrants spend their winters 

north of the U.S.- Mexico border. Permanent residents remain year-round within the 

study area.  We also examined exotic species separately (defined as those species not 

present in the area prior to 1850): European starling (Sturnus vulgaris), house finch 

(Carpodacus mexicanus), and house sparrow (Passer domesticus).  

Measures of bird diversity 

We measured relative density, species richness, and evenness to capture 

different aspects of diversity (Magurran, 2004).  For each guild, we calculated total 

relative density (N) (after square root transformation to counteract skewness), species 

richness (S) and evenness (E) for each of the 71 plots.  Only relative density was used 

for exotic species, since this guild comprised only three species.  Evenness was 

calculated as E = H!/S, where H! = Shannon’s diversity (H! = - pilogepi) and S = species 

richness (Hayek and Buzas, 1997).  Evenness ranges from 0 to 1, approaching 1 when 

individual birds are partitioned equally among species.   

Landscape measurements 

We measured landscape characteristics within four buffers (i.e. scales) at 50 m, 

100 m, 250 m, and 500 m radii around each plot center based on a priori knowledge 

that most breeding bird territory sizes are encompassed within smaller scales and larger 
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scales might be important to migrating species selecting stopover habitat (e.g., Hutto, 

1985; Mayer and Cameron, 2003).  We used ArcMAp! GIS version 9.1 and Spatial 

Analyst software to calculate metrics within a given buffer. For biophysical measures, 

we used a land-cover classification map derived from 4 m resolution 2001 IKONOS 

satellite imagery from CAGIS.  The classified land-cover data had a 90% accuracy 

rating when compared to high-resolution color aerial photography (CAGIS; personal 

communication) and included the following land-cover types: trees, grass (e.g. lawns 

and open meadows), impervious surfaces (e.g., roads, pavement, buildings), 

agriculture/soil, and water.  We included percent tree and percent grass cover as 

biophysical measures and excluded percent agriculture/soil and percent water 

(comprised a very small portion of the study area) and percent impervious surface 

(highly negatively correlated with tree cover; R
2
 > 0.90).  

To measure development, we used an index of building area per hectare, 

henceforth “building area”, derived from digitized building footprints for each buffer 

area that was log transformed to counteract skewness.  Building density (number of 

buildings per hectare) is thought to be a good surrogate for settlement intensity 

(Marzluff et al., 2001).  However, our metropolitan study area is comprised of various 

building types and sizes and the footprint of a single industrial building can have an 

area several orders of magnitude greater than a typical residential building.  

Consequently, building density could oversimplify development (Hostetler and 

Knowles-Yanez 2003).  Building area and tree cover correlations were relatively low 

(R
2
 < 0.60 for each scale) indicating that the simple presence of buildings was not a 

surrogate measure for a lack of trees.  
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Local vegetation measurements 

We measured characteristics of the local woody vegetation composition 

(floristics) and structure (physiognomy) during August to October 2002.  In order to 

capture vegetation data on both sides of the stream, we located a 70-meter diameter plot 

at the origin of the bird sampling point.  We created five 35-meter transects radiating 

from the origin of the plot, and five 10-meter diameter subplots were centered at 

randomly selected points 5-35 m from the origin along each transect.  If a subplot 

included the stream, the radial transect was reselected or shifted in 10° increments so no 

part of the subplot was located in the water.  We identified all trees > 10 cm diameter at 

breast height (dbh) and measured their dbh within the plot and identified dead trees for 

separate analysis. In each 10-meter diameter subplot, we identified woody plants with 

stems < 10 cm diameter and calculated total stem density.  Also, in each subplot, we 

measured the height of the tree (> 10 cm dbh) located nearest the center using a 

clinometer.  For each plot, we averaged the five height measures to obtain a canopy 

height measure for the plot.  We calculated relative frequency of native canopy and 

understory species according to Barbour et al. (1987).  Exotic or non-native species 

were defined as those absent from the study area prior to European settlement (Braun 

1989). 

Spatial analysis of riparian bird guilds to landscape characteristics 

We used simple linear regression to examine the correlations between bird 

community composition and landscape measures at the four buffer distances.  The 

response variables were relative density, species richness, and evenness, analyzed 
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separately for each guild and the explanatory variables were percent tree and grass 

cover and building area within a given buffer.  We conducted linear regressions 

separately for each of the four buffer areas.  This resulted in an R
2 
statistic measuring 

the strength of each relationship for increasing buffer distance up to 500 m; we plotted 

the R
2
 statistic against the radial distance from the bird sampling point to assess how 

these relationships varied spatially.  To determine which land cover category most 

explained bird distributions, we selected the category with the highest R
2 
value (> 0.20; 

based on our sample size N = 71). 

Our goal was to determine if a community measure responded to a land cover 

category at only one scale or across a range of scales.  Generally, we expected 

collinearity within land cover categories for the four spatial scales. To aid in elucidating 

which scale or scales for each land cover category was most significant in determining 

bird distributions, we used a uniqueness index test (SAS Institute, 1994; see Hostetler 

and Knowles-Yanez, 2003).  This test accounts for the potential collinearity among 

varying buffer areas for a particular land cover category across all 4 spatial scales.  

First, we selected the land cover category with the highest R
2 
value for a given avian 

community variable (R
2
 > 0.20, P < 0.05).  For buffers having R

2
 values within 0.09 of 

this highest R
2
 value, we did not try to determine whether community measures 

responded to one scale over another. Next, we examined R
2
 values smaller by at least 

0.10 of the highest R
2
 value.  For community measures that had at least one R

2
 value > 

0.20 and at least one R
2
 value < 0.10 or more of the highest R

2
 for a given land cover 

category, we conducted a uniqueness index test.  
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We examined scatterplots prior to these analyses and observed negative 

quadratic responses between percent forest cover and short-distance migrant relative 

density and richness and percent forest cover and permanent resident relative density 

and richness.  We included a squared term in these models to account for the curvature.  

Due to the curvilinear nature of these models, we were not able to perform a uniqueness 

index test. Under these circumstances, we suggest possible trends, but not significance.  

Multiple regression models of local vegetation on riparian bird guilds 

To determine the importance of local vegetation during migration, we 

constructed multiple linear regression models between bird community measures and 

the seven local vegetation variables (see Table 1); none of the explanatory variables 

were highly correlated as defined by r > 0.50.  We report the partial correlations for 

each vegetation variable and the adjusted R
2
 values for all models.  For each model, we 

inspected the partial correlation coefficients to determine the directional and relative 

importance of each of the seven habitat variables on avian community measures.  

Because our goal was to look at the relative importance of each explanatory variable on 

each response variable, we chose not to use a model-selection strategy which would 

have required considering a limited subset of possible models a priori and would not 

allow the detection of unanticipated relationships.  
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RESULTS 

Bird community 

We recorded 7748 detections of 102 species at the 71 sites. For the rest of our 

discussion, we focus on the 88 species that met our criteria for analysis (see Appendix 

A).  Of these bird detections, most were native species (83%).  Half of the detections 

were short-distance migrants (distributed among 30 species), 39% permanent residents 

(11 species), 11% Neotropical migrants (47 species), 4% en-route (19 species), and 7% 

resident Neotropical migrants (28 species).  Ten species accounted for 63% of all bird 

detections; in descending order these were: northern cardinal (Cardinalis cardinalis), 

American robin (Turdus migratorius), house sparrow (Passer domesticus), European 

starling (Sturnus vulgaris), Carolina chickadee (Poecile carolinensis), brown-headed 

cowbird (Molothrus ater), American goldfinch (Carduelis tristis), song sparrow 

(Melospiza melodia), Carolina wren (Thryothorus ludovicianus), and white-throated 

sparrow (Zonotrichia albicollis).  Many species were widespread; 16 species occurred 

in over half of the plots and 12 species occupied over 75% of the plots (Appendix A).  

The two most abundant species, northern cardinal and American robin, were present at 

all plots.  The third and fourth most abundant species were exotic: the house sparrow 

occurred at 62% of the plots, while European starling occurred at more than 90% of the 

plots.  Even less common species, such as downy woodpecker (Picoides pubescens) and 

tufted titmouse (Baeolophus bicolor), still occurred at over 80% of the plots. Several 

species of Neotropical migrants were widespread but to a lesser degree; 6 species 
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occurred at over 35% of the plots and Baltimore oriole (Icterus galbula) and red-eyed 

vireo (Vireo olivaceus) occupied 45% of the plots.  

Landscape and local vegetation measures 

Based on Spearman’s rank correlations, all native tree and shrub measures were 

negatively correlated with building area at 250 m (Fig 2).  Conversely, exotic tree and 

shrub frequency measures were positively correlated with building area and is 

consistent with previous findings that habitat disturbance increases the abundance of 

non-native plant species (Hobbs and Huenneke, 1992; Hutchinson and Vankat, 1997).  

The amount of dead trees present at a plot also increased with building area.  These 

correlations suggest a development gradient characterized by increased building area 

and associated environmental changes, particularly increased fragmentation, and a shift 

within the habitat matrix from riparian landscapes of high forest cover comprised of 

native tree and shrub species to relatively more building coverage, less forest cover, and 

non-forest landscape components (e.g., lawns, agricultural pastures, recreational fields) 

and increased presence of exotic woody species. 

Spatial response of birds to landscape characteristics   

Three general trends emerged from the spatial analyses.  First, the percentage of 

tree cover was often the most predictive landscape characteristic of bird guilds across 

scales (Fig. 3) with the exception of the proportion of building area, which was most 

predictive of resident Neotropical migrants (Fig. 4a, b) and exotic species (Fig. 3b).  

These two guilds had opposite correlations with respect to building area; resident 

Neotropical migrants were inversely correlated with building area while exotics were 
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positively correlated.  Secondly, species richness tended to respond most strongly to 

landscape characteristics followed by relative density and evenness across bird guilds.  

Finally, birds responded most strongly to the medium and largest scales measured, i.e. 

250 m to 500 m scales.  

Birds of different migratory guilds displayed varying responses to scale and 

landscape characteristics.  Neotropical migrants responded most predictably to 

landscape characteristics for all guilds; relative density and richness correlated to broad 

expanses of surrounding percent tree cover (> 250 m scale; Fig. 3a, c) on the landscape, 

and evenness correlated less strongly to tree cover across scales (Fig. 3e).  Short-

distance migrants responded less predictably compared to the other migratory guilds; 

relative density and richness was weakly positively correlated to the percent grass cover 

within 100 m to 500 m (R
2
 ! 0.24 for all scales) and species richness displayed a 

negative quadratic response to percent tree cover at the 250 m to 500 m scales (adj. R
2
 ! 

0.21for all scales) (Fig. 3a, c).  Permanent resident responses varied; richness displayed 

a negative quadratic response with percent tree cover at 50 to 250 m scales (adj. R
2
 ! 

0.20 for all scales; Fig. 3c) and evenness was linearly positively correlated with percent 

tree cover at scales from 100 m to 500 m (R
2
 ! 0.31 for these scales; Fig. 3e).  

Contrastingly, exotic species responded inversely to landscape characteristics compared 

to the other guilds; their relative densities were best predicted by building area at 100 m 

and 250 m scale (R
2
 ! 0.45 for all scales; Fig. 3a, b).  

A closer examination of the Neotropical migrants highlights differences between 

resident and en-route Neotropical migrant species during migration with respect to scale 

and landscape characteristics.  Both guilds correlated with the amount of tree cover 
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surrounding a plot, with resident migrants displaying a stronger relationship (Fig 4a, c, 

e, comparison between guilds highlighted).  The two guilds responded differently to the 

proportion of a site covered by buildings; resident migrants avoided areas with a high 

proportion of building coverage with relative density and richness strongly negatively 

associated with building area, most significantly at the 250 m scale (R
2
 = 0.49; Fig. 4b, 

d).  En-route migrants, in contrast, displayed no significant relationship to building area 

at any scale (Fig. 4b, d, f).     

Multiple regression models of local vegetation on bird guilds  

The response of birds to local vegetation composition and structure measures 

varied (Table 1).  In general, native canopy and understory frequency were the most 

predictive variables across models.  Similar to the spatial results, Neotropical migrants 

responded most predictably to local vegetation measures when compared to the other 

bird guilds (Table 1).  Interestingly, Neotropical migrant relative density and richness 

were best predicted by the species composition of the riparian forest, responding 

positively to native canopy and understory stem frequencies and tree species richness, 

but evenness was best predicted by the vegetation structure as represented by a positive 

correlation with higher canopy stem densities and taller canopies (Table 1).  In contrast, 

exotic species responded negatively to vegetation; their relative density was inversely 

predicted by the same vegetation variables (Table 1).  Higher native species 

composition of the canopy and understory vegetation and the vegetation structure 

(fewer dead trees and higher canopy stem densities) led to higher permanent residents 

evenness (Table 1). Short-distance migrants displayed weak responses to local 



 

81 

vegetation.  Resident and en route Neotropical migrants responded similarly to local 

vegetation.  Their relative densities were best predicted by an increase in native canopy 

and understory stem frequency and taller canopies (Table 1).  In general, native bird 

measures were weakly negatively correlated with the increasing number of dead trees at 

a plot (Table 1).  

    

DISCUSSION   

Effects of landscape across multiple spatial scales 

Our findings underscore the importance of considering the surrounding matrix 

for managing riparian areas for avian conservation (Table 2).  For all spatial scales, 

native birds tended to be more abundant, have higher numbers of species, and were 

more evenly distributed in areas of high tree cover and low proportions of building area 

(Fig. 3).  The general effect of urban infrastructure (e.g. buildings and roads) and the 

associated displacement of tree cover on breeding bird communities has been well 

documented (e.g., Friesen et al., 1995; Saab, 1999; Hennings and Edge, 2003; Miller et 

al., 2003; Rodewald and Bakermans, 2006).  Even though tree cover was moderately 

correlated with building area, birds still responded differently to the two landscape 

characteristics.  Because tree cover predicted bird response better than building area, in 

order to maintain native riparian bird species, activities that diminish the amount of tree 

cover on adjacent surrounding lands should be avoided (within 250 m of the stream).   

Interestingly, building area at the 500 m scale never displayed a significant relationship 

in any of our models (Fig. 3b, d, f).  The reason for this loss of a clear signal could have 
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resulted from our study area being located within a highly modified metropolitan 

landscape that is extremely heterogeneous in terms of land use and land cover at broad 

spatial scales. 

Examining the riparian bird community based on different migratory guilds 

illuminated the influence of life-history traits on ecological responses to scale (Levin, 

1992).  For example, building area was significant for only Neotropical migrants and 

exotic species and they responded in opposite ways.  These two guilds are analogous to 

previous classifications of bird communities based on urban ecological niches: 

Neotropical migrants as “urban avoiders” and exotic species as “ urban exploiters” 

(Blair, 1996; McKinney, 2002).  Urban avoiders tend to be more sensitive to 

development and its associated disturbances, such as increased predator abundance and 

decreased resources.  Several of these species are considered specialists, i.e. feeding 

primarily on insects (e.g., Tennessee warbler (Vermivora ruficapilla), scarlet tanager 

(Piranga olivacea), and American redstart (Setophaga ruticilla)).  Urban exploiters 

(e.g., European starling and house sparrow), on the other hand, are well adapted to 

intense development and have co-adapted to utilize human by-products (Johnston, 

2001).  These species tend to feed on a wide variety of food sources and are capable of 

having multiple broods during the breeding season, therefore, better equipped to deal 

with the novel predatory and resource pressures of developed areas (Blair, 2004).  

Whereas the Neotropical migrant guild represented species having a specific 

ecological niche, the other two migratory strategies (short-distance migrants and 

permanent residents) were comprised of species having myriad ecological strategies 

(urban adapters and urban exploiters; McKinney, 2002).  These variations are likely the 
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reason for the curvilinear responses of short-distance migrants and permanent residents 

to tree cover across spatial scales.  Short-distance migrants were the only guild that 

responded to grass cover suggesting the importance of heterogeneous landscapes, 

consisting of a mix of trees and grassy open spaces (e.g., American robin and brown-

headed cowbird), for species in this guild; such areas are abundant in low-density 

residential and commercial land-uses throughout the study area.  Permanent residents’ 

positive correlation to wide tree cover corresponds with the many cavity-nesting species 

comprising this group (e.g., Carolina chickadee, tufted titmouse, downy woodpecker).  

In addition, it is also possible that these two guilds were responding to spatial scales 

beyond what we measured (Mayer and Cameron, 2003; Hostetler and Knowles-Yanez, 

2003), and further investigation is needed, especially for understanding short-distance 

migrant habitat selection in metropolitan areas.  In particular, examining species-

specific characteristics would aid in interpreting species responses within both the 

permanent resident and short-distance migrant guilds.  

Effects of local vegetation structure and composition 

Our findings on how local vegetation influences habitat selection during 

migration were similar to findings from riparian studies in Western North America; 

native birds in Cincinnati were associated with riparian areas having high percentages 

of native woody vegetation, while exotic bird species were negatively associated with 

native vegetation (e.g., Rottenborn, 1999, Green and Baker, 2003, Hennings and Edge, 

2003).  Bird densities and species richness were more influenced by the floristic 

composition of riparian forests whereas evenness tended to be influenced by vegetative 
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structure (Table 1).  This illustrates that birds respond not only to the presence of 

vegetation structure (MacArthur et al., 1966; MacArthur and Pianka, 1966; Anderson 

and Shugart Jr, 1974), but also to the composition of the riparian woody vegetation 

community (Mills et al., 1991; Rottenborn, 1999; Reichard et al., 2001; Fleishman et 

al., 2003).  

Neotropical migrants were, more than any other guild, positively associated with 

native vegetation.  One possible mechanism for this finding could be that native 

vegetation provides more efficient foraging habitat for Neotropical migrants because it 

harbors higher abundances of insects than exotic vegetation (Yong et al., 1998; 

Reichard et al., 2001; Smith et al., 2004).  For the same plots, native trees and shrubs 

decreased as building area increased (Fig. 2).  This suggests that loss of native 

vegetation is a major mechanism through which urban development affects birds.  

Maintaining or restoring native woody trees and shrubs, and limiting development, can 

have positive effects on native bird communities in urban riparian forests.  

The role of urban areas as stopover habitat for Neotropical migrants  

We found that several resident and en-route Neotropical migrant species utilize 

urban riparian forests.  While resident Neotropical migrants did prefer wider riparian 

forests (> 500 m scale) with low development levels, en-route migrants utilized areas 

having a wide buffer of tree cover (250 m to 500 m scale) regardless of whether houses 

or other buildings were present (Fig. 4).  Consequently, developed areas incorporating a 

high amount of tree cover throughout might be perceived as “forest” to certain 

Neotropical migrants during stopover.  In essence, Neotropical migrants act like urban 
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avoiders when selecting a breeding location or are on a breeding territory, but are more 

adaptable to urban areas while en-route, utilizing moderately developed areas with 

significant tree cover. This implies that areas that are not perceived as suitable breeding 

habitat could nevertheless serve as functional stopover sites.  Hostetler et al. (2005) also 

documented that tree cover was important for migrants during fall stopover.   

 In contrast to our findings, Rodewald and Matthews (2005) found no 

relationship between migrant density and the amount of forest cover and urbanization 

within a 1 km radius, suggesting that relationships may collapse at larger spatial scales 

(> > 500 m from the stream).  This highlights the importance of small-scale studies and 

the need for examining multiple spatial scales in ecological studies.  Furthermore, 

methodological differences in how landscape variables are calculated could also 

influence the outcomes of landscape studies.  Rodewald and Matthews (2005) used 30 

m resolution Landsat imagery while we used 4 m resolution IKONOS imagery, 

allowing us to examine responses to landscape variables at a finer scale (Hostetler and 

Holling, 2000).  In addition to examining multiple scales, researchers working within 

urbanizing landscapes should consider how well the resolution of the landscape data 

used captures the complex heterogeneity of urban areas, separately for biophysical and 

anthropogenic aspects (Cadenasso et al. 2007). 

One mechanism explaining differing patterns between resident and en-route 

Neotropical migrants could be based on resource needs. Within our study area, a 

resident Neotropical migrant represents an individual potentially seeking to establish a 

breeding territory (encompassing a safe nesting site and foraging area); ideally, located 

within a wide forested area with little or no development.  In comparison, en-route 
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species are selecting for habitat to serve as “pit stops” along their migratory journey 

northward that provide food (insects) and shelter (i.e. tree cover), and are relatively 

indifferent to the presence of buildings. Importantly, these stopover sites are also only 

utilized for few days, compared to an entire summer for residents (Mehlman et al., 

2005).  It is important to note that en-route migrant community measures increased with 

the presence of native woody tree and shrubs, suggesting that greater food availability 

(i.e. insect abundance) may be tied to riparian forest species composition (Herrera et al., 

2003).  

Most of the current research on riparian bird communities has focused on the 

North American West during the breeding season.  In spite of the differences between 

North American western and eastern ecological systems (George and Dobkin, 2002), 

our general results were similar to those of western studies.  Because all of these 

western studies examined forest-breeding species along riparian areas in highly 

fragmented landscapes, we might expect species with similar resource needs to respond 

to the landscape in parallel ways.  Even though the dominant pre-settlement land cover 

of our study area was forest (Braun, 1950), present-day urban riparian areas of the 

Midwest and Eastern U.S.A. are highly fragmented and may functionally mimic the 

“narrow” riparian corridors of the arid West.  More studies on birds in eastern urban 

riparian systems are needed for further geographical comparisons.  Moreover, additional 

research examining differences in habitat selection during migration in both western 

and eastern riparian systems is needed (Petit, 2000; Skagen et al., 2005).  
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Conclusions and management recommendations 

Conservation strategies for songbirds must consider temporal scales (breeding 

vs. wintering vs. migration) in addition to spatial scales when assessing habitat use as 

different life stages may represent periods when birds are using the landscape in 

fundamentally different ways.  From our results, Neotropical migrants utilize urban 

vegetation across various land use types; in particular, areas with mature native trees. 

Maintaining unfragmented forest cover within a 250 m and greater radius surrounding 

streams is paramount for resident Neotropical migrant conservation; however, en-route 

Neotropical species do appear to be able to utilize both smaller fragmented or marginal 

areas of forest cover surrounding urban streams, but we do not know how capable these 

individuals are in securing adequate food, water, and safe haven from predators.  

Results from our study highlight the possible conservation benefit of metropolitan areas 

to Neotropical migrants during stopover, but further research is needed to increase our 

understanding of resource requirements and survivorship of individuals using these 

urban stopover sites (Mehlman et al., 2005).  In addition, research identifying the urban 

land-use types that can offer the greatest potential to serve as “convenience store” 

stopover sites (see Mehlman et al., 2005) will need to incorporate both the social and 

biophysical aspects of urban heterogeneity (Pickett et al., 2001).  Urban areas present a 

unique challenge to researchers, managers, and land-use planners.  Understanding both 

the potential impacts and the potential benefits of urban areas is critical for avian 

conservation.  
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Table 1.  Model summary for migratory guild community measures and local vegetation measures from multiple 

regressions.  

 
Vegetation Composition  Vegetation Structure 

 

 

Native 

canopy 

frequency  

Native 

understory 

frequency 

Total tree 

 richness 

 Canopy 

stem 

density 

Understory  

stem 

density Dead trees 

Canopy 

height 

 

Migratory guild  Partial r  Partial r  Partial r   Partial r  Partial r  Partial r  Partial r 

Adj. 

R2
 

Relative density                 

  Total Neotropical + 0.416 + 0.201 + 0.028  + 0.215 - 0.117 - 0.210 + 0.134 0.34 

     En-route Neotrop. + 0.359 + 0.064 + 0.018  + 0.096 - 0.047 - 0.188 + 0.186 0.24 

     Resident Neotrop. + 0.314 + 0.203 - 0.062  + 0.211 - 0.101 - 0.172 + 0.068 0.22 

  Short-distance + 0.038 - 0.287 - 0.049  - 0.029 - 0.235 + 0.013 - 0.035 0.05 

  Permanent resident - 0.003 - 0.115 - 0.057  + 0.258 - 0.081 - 0.122 - 0.100 0.00 

  Exotic species - 0.234 - 0.289 - 0.124  - 0.237 - 0.159 + 0.228 - 0.198 0.35 

Species richness                 

  Total Neotropical + 0.397 + 0.209 + 0.041  + 0.258 - 0.130 - 0.237 + 0.123 0.36 

     En-route Neotrop. + 0.340 + 0.112 + 0.225  + 0.120 - 0.003 - 0.216 + 0.180 0.28 

     Resident Neotrop. + 0.293 + 0.187 - 0.064  + 0.245 - 0.136 - 0.189 + 0.057 0.22 

  Short-distance  + 0.284 - 0.248 + 0.051  + 0.054 - 0.298 + 0.585 - 0.044 0.05 

  Permanent resident + 0.115 - 0.133 + 0.047  + 0.252 - 0.148 - 0.167 + 0.016 0.01 

Evenness                 

  Total Neotropical + 0.044 + 0.087 - 0.047  - 0.458 - 0.130 - 0.000 + 0.217 0.29 

     En-route Neotrop. + 0.234 + 0.109 + 0.102  + 0.170 + 0.010 - 0.166 + 0.102 0.15 

     Resident Neotrop. + 0.159 + 0.154 - 0.130  + 0.340 - 0.120 + 0.127 + 0.121 0.20 

  Short-distance  - 0.009 - 0.211 + 0.191  + 0.023 + 0.254 - 0.216 - 0.133 0.12 

  Permanent resident + 0.271 + 0.316 - 0.046  + 0.262 - 0.218 - 0.270 - 0.244 0.32 
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Table 2.  General habitat preferences for the different subsets of the migratory bird community based on landscape analyses. 

Migratory guilds reflect varied responses to landscape measures, which implies different management needs. Habitat 

characteristics are listed in order of importance. (See appendix A for the species composition of each guild) 

 Density Species Richness Evenness 

Neotropical migrants Wide forests; undeveloped Wide forests; undeveloped Narrow and wide forests 

   Resident Neotropical migrants Undeveloped; wide forests Undeveloped; wide forests Narrow and wide forests 

   En-route Neotropical migrants Narrow and wide forests Narrow and wide forests Narrow and wide forests 

Short-distance migrants Wide forests; grassy areas Wide forests; grassy areas No relationship 

Permanent residents No relationship Wide forests; undeveloped Wide forests; undeveloped 

Exotic species Developed; narrow forests N/A N/A 
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Figure 1.  Location of the 71 study plots used to examine the relationship between avian communities in riparian areas and 

urbanization in the Mill Creek watershed in the greater Cincinnati metropolitan area Hamilton County, Ohio, U.S.A.  Land use/land 

cover map derived from IKONOS satellite imagery area shows land-use classes and survey plots. 
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Figure 2.  Spearman’s rank correlations between urbanization (building area within 250 

m) and natural land cover and local vegetation variables ((+/-) represents effect in 

relationship).

Urbanization 

Spearman’s Rank Correlations 
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Figure 3. The proportion of variance explained in linear regressions by percent tree 

cover (a, c, e) and building area (b, d, f) across four scales for relative density (a, b), 

species richness (c, d), and evenness (e, f) for Neotropical migrants (N), short-distance 

migrants (SD), permanent residents (P), and exotic (E; relative density only); * 

represents a significant spatial response based on uniqueness index tests (p < 0.05). 

Relative density and richness for short-distance migrants and permanent residents 

displayed curvilinear responses (adjusted R
2
 values from linear regressions with a 

squared term; no uniqueness index tests preformed).  
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Figure 4. Comparison of the proportion of variance explained in linear regressions by 

percent tree cover (a, c, e) and building area (b, d, f) across four scales for relative 

density (a, b), species richness (c, d), and evenness (e, f) of resident and en-route 

Neotropical migrants; * represents a significant spatial response based on uniqueness 

index tests (p < 0.05).  
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Appendix A.  88 bird species surveyed during 2002 migratory season in Mill Creek 

watershed in the greater Cincinnati Metropolitan area used in analyses. N = native, E = 

exotic, RNM = resident Neotropical migrant, ENM = en-route Neotropical migrant, SD = 

short-distance migrant, and P = permanent resident (Ehrlich et al. 1988, Peterjohn and Sauer 

1993, Keller et al. 1999); see methods for calculation of relative density (birds/hectare). 

Common name Scientific name Origin 

Migratory 

guild 

Relative 

density  

% of 71 

plots 

American robin Turdus migratorius N SD 2.597 100.0 

American goldfinch Carduelis tristis N SD 2.108 90.1 

Brown-headed cowbird Molothrus ater N SD 1.882 98.6 

European starling Sturnus vulgaris E SD 1.596 87.3 

Song sparrow Melospiza melodia N SD 0.838 83.1 

White-throated sparrow Zonotrichia albicollis N SD 0.663 74.6 

Mourning dove Zenaida macroura N SD 0.569 49.3 

Common grackle Quiscalus quiscula N SD 0.520 78.9 

Blue jay Cyanocitta cristata N SD 0.424 80.3 

American crow Corvus brachrhynchos N SD 0.380 71.8 

Cedar waxwing Bombycilla cedrorum N SD 0.365 12.7 

Golden-crowned kinglet Regulus satrapa N SD 0.359 42.3 

Red-winged blackbird Agelaius phoeniceus N SD 0.314 26.8 

Ruby-crowned kinglet Regulus calendula N SD 0.275 15.5 

Yellow-rumped warbler Dendroica coronata N SD 0.263 46.5 

Eastern towhee Pipilo erythrophthalmus N SD 0.241 26.8 

House finch Carpodacus mexicanus E SD 0.158 31.0 

Northern flicker Colaptes auratus N SD 0.144 45.1 

Dark-eyed junco Junco hyemalis N SD 0.113 15.5 

Eastern phoebe Sayornis phoebe N SD 0.104 7.0 

Field sparrow Spizella pusilla N SD 0.080 14.1 

Belted kingfisher Ceryle alcyon N SD 0.075 21.1 

Brown creeper Certhia americana N SD 0.063 21.1 

Eastern bluebird Sialia sialis N SD 0.063 12.7 

Eastern meadowlark Sturnella magna N SD 0.027 5.6 

Hermit thrush Catharus guttatus N SD 0.025 2.8 

Yellow-bellied sapsucker Sphyrapicus varius N SD 0.018 5.6 

Winter wren Troglodytes troglodytes N SD 0.015 7.0 

Brown thrasher Toxostoma rufum N SD 0.003 1.4 

Vesper sparrow Pooecetes gramineus N SD 0.003 1.4 

Northern cardinal Cardinalis cardinalis N P 5.375 100.0 

Carolina chickadee Poecile carolinensis N P 2.130 95.8 

House sparrow Passer domesticus E P 1.692 62.0 
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Carolina wren Thryothorus ludovicianus N P 0.925 91.5 

Tufted titmouse Baeolophus bicolor N P 0.628 81.7 

Downy woodpecker Picoides pubescens N P 0.430 71.8 

Red-bellied woodpecker Melanerpes carolinus N P 0.250 57.7 

White-breasted nuthatch Sitta carolinensis N P 0.070 18.3 

Hairy woodpecker Picoides villosus N P 0.070 9.9 

Pileated woodpecker Dryocopus pileatus N P 0.063 22.5 

Northern mockingbird Mimus polyglottos N P 0.059 23.9 

American redstart Setophaga ruticilla N RNM 0.541 25.4 

Baltimore oriole Icterus galbula N RNM 0.473 49.3 

Common yellowthroat Geothlypis trichas N RNM 0.344 18.3 

red-eyed vireo Vireo olivaceus N RNM 0.294 45.1 

Blue-gray gnatcatcher Polioptila caerulea N RNM 0.266 33.8 

Magnolia warbler Dendroica magnolia N RNM 0.149 35.2 

Gray catbird Dumetella carolinensis N RNM 0.126 21.1 

Scarlet tanager Piranga olivacea N RNM 0.141 11.3 

Indigo bunting Passerina cyanea N RNM 0.108 12.7 

Eastern wood-pewee Contopus virens N RNM 0.105 32.4 

Yellow warbler Dendroica petechia N RNM 0.103 19.7 

Prothonotary warbler Protonotaria citrea N RNM 0.096 11.3 

Yellow-throated warbler Dendroica dominica N RNM 0.093 23.9 

Yellow-billed cuckoo Coccyzus americanus N RNM 0.075 1.4 

Wood thrush Hylocichla mustelina N RNM 0.072 14.1 

Acadian flycatcher Empidonax virescens N RNM 0.072 7.0 

Warbling vireo Vireo gilvus N RNM 0.063 16.9 

Great crested flycatcher Myiarchus crinitus N RNM 0.056 18.3 

Eastern kingbird Tyrannus tyrannus N RNM 0.051 11.3 

Louisiana waterthrush Seiurus motacilla N RNM 0.038 8.5 

Yellow-throated vireo Vireo flavifrons N RNM 0.036 4.2 

Black-and-white warbler Mniotilta varia N RNM 0.033 12.7 

House wren Troglodytes aedon N RNM 0.025 4.2 

Summer tanager Piranga rubra N RNM 0.024 2.8 

Kentucky warbler Oporornis formosus N RNM 0.023 2.8 

Yellow-breasted chat Icteria virens N RNM 0.014 2.8 

Ovenbird Seiurus aurocapilla N RNM 0.011 4.2 

Orchard oriole Icterus spurius N RNM 0.011 4.2 

Blackpoll warbler Dendroica striata N ENM 0.242 43.7 

Black and white warbler Mniotilta varia N ENM 0.242 12.7 

Tennessee warbler Vermivora peregrina N ENM 0.220 38.0 

Nashville warbler Vermivora ruficapilla N ENM 0.192 23.9 
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Magnolia warbler Dendroica magnolia N ENM 0.149 35.2 

Palm warbler Dendroica palmarum N ENM 0.121 15.5 

Yellow-throated warbler Dendroica dominica N ENM 0.093 23.9 

Swainson's thrush Catharus ustulatus N ENM 0.083 28.2 

Black-throated blue warbler Dendroica caerulescens N ENM 0.075 1.4 

Black-throated green warbler Dendroica virens N ENM 0.066 8.5 

Philadelphia vireo Vireo philadelphicus N ENM 0.066 1.4 

Chestnut-sided warbler Dendroica pensylvanica N ENM 0.058 8.5 

Rose-breasted grosbeak Pheucticus ludovicianus N ENM 0.058 8.5 

Blackburnian warbler Dendroica fusca N ENM 0.042 9.9 

Bay-breasted warbler Dendroica castanea N ENM 0.034 1.4 

Northern parula Parula americana N ENM 0.024 8.5 

Willow flycatcher Empidonax traillii N ENM 0.024 1.4 

Cape May warbler Dendroica tigrina N ENM 0.018 1.4 

Veery Catharus fuscescens N ENM 0.003 5.6 
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ABSTRACT:  Ecologists increasingly recognize that birds can respond to features 

beyond their breeding territories, yet little is known about the relative importance of 

proximate local vegetation characteristics and broader landscape features and the 

influential spatial scales of these landscape features.  We examine the influences of two 

biophysical elements of the urban environment – vegetation and buildings – at both 

proximate and landscape scales on breeding riparian bird species.  We surveyed birds 

on 71 sites during 2002, 2004, 2005, and 2006 along an urban gradient within 

metropolitan Cincinnati, Ohio, U.S.A.  We modeled relative density for 48 bird species 

in relation to local woody vegetation composition and structure and to tree cover, grass 

cover, and building density within 50 to 1000 m of each site.  We used an information-

theoretic approach to compare models and variables.  At the proximate scale, native tree 

and understory stem frequency were the most important vegetation variables; native tree 

had a positive influence on 35 species and a negative influence on 13 species and native 

understory had a positive influence on 27 species and a negative influence on 21 

species.  At the landscape scale, the vegetative features (both tree cover and grass 

cover) were the most important variables across all species; tree cover positively 

influenced 15 species and negatively influenced 5 species and grass cover positively 

influenced 22 species and negatively influenced 5 species.  Building density was an 

important variable for 13 species, and positively influenced 6 species and negatively 

influenced 7 species.  In a comparison of multiple scales, models with only landscape 

variables were adequate for some species, but models combining both local vegetation 

and landscape information were best or competitive for 42 of the 44 species. Local-

vegetation-only models were rarely competitive.  Combined models at small spatial 
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scales (! 500 m) were best for 36 species of the 44 species and these models commonly 

included tree cover and building density.  Only eight species had best models at larger 

scales (> 500 m); grass cover was most the important variable at larger scales.  Most 

native species responded positively to vegetation landscape measures and negatively to 

building density.  Efforts to manage and design urban areas to benefit native birds 

require both fine-scale (e.g., by individual landowners and landscape design) and larger 

landscape actions (e.g., by municipal and regional comprehensive planning).  
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INTRODUCTION 

With over half of humanity now residing in cities (UNPF 2007), urban 

environments present a unique challenge for conserving our planet’s biodiversity 

(Czech et al. 2000).  Identifying the habitat requirements for maintaining species’ 

populations within urban areas is essential not only for species conservation (Foley et 

al. 2005), but for enhancing people’s experience with nature as well (Miller 2005).  

Urbanization or the “city building process” is often portrayed as a leading threat to 

global biodiversity, causing the elimination of the majority of native species (Czech et 

al. 2000, McKinney 2002).  Indeed, several native species do appear to be urban 

intolerant, especially many long-distance migrants (Blair 2004, Bakermans and 

Rodewald 2006).  Although urbanization does threaten and impair certain biological 

elements contributing to habitat for organisms, many studies have documented the 

persistence of native species diversity and abundance within cities (Chace and Walsh 

2006, Pennington and Blair In press).  An important challenge for ecologists and 

conservation biologists is to explicitly examine the potential value of urban areas for 

maintaining local and regional species diversity.  

 Birds represent an excellent taxonomic group for assessing the effects of 

urbanization on ecosystem function because bird communities are conspicuous in 

nature, are of interest to people, and are often used as indicators of habitat quality and 

availability due to their specialized habitat requirements (Blair 1999).  Numerous 

studies of birds in riparian areas have focused on proximate or microhabitat features, 

such as territories, nest sites, or song perches (Best and Stauffer 1980, Stauffer and Best 
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1980, Sallabanks et al. 2000, Smith et al. 2008).  Although there is a growing 

recognition that the extent of habitat beyond nesting territories or landscape-scale 

patterns can affect bird distributions (Rottenborn 1999, Saab 1999, Rodewald and 

Bakermans 2006), few studies have attempted to examine the relative importance of 

proximate and landscape-scale factors (Miller et al. 2003).  Fewer still have sought to 

identify the scales at which different species respond to habitat (i.e., show patterns of 

selecting for or avoiding habitat features) within an urbanizing landscape (Hostetler and 

Holling 2000, Hennings and Edge 2003, Pennington et al. 2008).  

Identifying the spatial scales at which birds respond most strongly to landscape 

features would help clarify and explain the processes determining bird distributions 

(Wiens 1989, Hostetler 1999).  Assessing dominant scales would aid our ability to 

predict species responses within highly heterogeneous areas, such as the varied built 

and forested landscape of a city.  Because people make decisions that directly influence 

the landscape mosaic at multiple scales, from individuals to households to 

municipalities and agencies (Grove et al. 2006), information on spatial scale would 

improve the efficacy of our land-use planning and management decisions by ensuring 

that these efforts are applied at appropriate scales (Hostetler 1999).  

Forested riparian areas harbor a high biodiversity of plants and animals 

compared to other forest ecosystems (Naiman et al. 1993).  However, the integrity of 

riparian forest communities is vulnerable to the intense land-use modification associated 

with urbanization (e.g., Richardson et al. 2007), such as changes in proximate 

vegetation structure and composition habitat features (Burton and Samuelson 2007, 

Pennington et al. In review).  Aspects of vegetation composition and structure, such as 
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the proportion of native vegetation (Rottenborn 1999, Miller et al. 2003) and overstory 

and understory stem densities (Saab 1999, Bakermans and Rodewald 2006, Smith et al. 

2008), have been shown to be important proximate or local vegetation features 

influencing bird habitat.  Indeed, shifts in vegetative species composition from native to 

exotic can alter habitat quality for native bird species (Borgmann and Rodewald 2004).   

Past studies have also demonstrated that proximity and extent of forested 

habitats can affect the distribution of riparian birds, with greater bird abundance and 

richness as forest cover increases (Friesen et al. 1995, Saab 1999, Melles et al. 2003, 

Donnelly and Marzluff 2004, Mason et al. 2007).  Whereas some studies found 

landscape-scale patterns (within 1 km2) to be most significant for determining bird 

distributions (Saab 1999, Rodewald and Bakermans 2006), others have found proximate 

features produced the best habitat models (Donnelly and Marzluff 2006), suggesting 

that responses to landscape-scale features can vary with species, region, and study 

design.  

Efforts to examine relative importance of nested landscape features have found 

bird responses to vary in magnitude, directionality, and spatial scale (Hennings and 

Edge 2003, Hostetler and Knowles-Yanez 2003, Dunford and Freemark 2005).  For 

example, previous studies found Neotropical migrant species to be sensitive to housing 

density within 100-200 m surrounding forest patches (Friesen et al. 1995, Hennings and 

Edge 2003), yet others recommended limited development within 200-1800 m for 

Neotropical migrant conservation (Dunford and Freemark 2005).  In addition, research 

has suggested variation in scale responses based on life-history characteristics (e.g., 



 

110 

habitat selection during migration versus breeding periods for long distance migrants 

(Pennington et al. 2008)).  

Although several studies have demonstrated the importance of urbanization at 

the landscape-scale for native bird diversity (Hennings and Edge 2003, Melles et al. 

2003, Donnelly and Marzluff 2004, Rodewald and Bakermans 2006), few have sought 

to distinguish the relative importance of built and vegetative elements comprising this 

“urbanizing” matrix.  The dominant paradigm often defines “urban” as an abstract 

perturbation affecting natural habitats.  “Urban” is often measured by reducing several 

biophysical features, including both land-use and land-cover measures (e.g., building 

and road density or area, tree cover, grass cover, agriculture, residential) into an index 

of urbanization (e.g., axes from principal components analysis; Blair 2004, Dunford and 

Freemark 2005, Rodewald and Bakermans 2006, Smith and Wachob 2006).  In contrast, 

here, we attempt to examine the relative importance of both built and vegetative aspects 

separately in order to better understand how birds respond to the fine-scale 

heterogeneity within an urbanizing area.  

Few studies have explicitly examined how the spatial arrangement and 

composition, or heterogeneity, of these biophysical elements within a metropolitan area 

contributes to the structure and composition of urban biodiversity (Pickett et al. 2008).  

In this paper we examine how two key elements of the biophysical structure of the 

urban environment – buildings and vegetation – influence the distribution of breeding 

bird species within in urban areas.  Specifically, we ask what is the relative importance 

of the structure and composition of these elements on birds across multiple spatial 

scales within a highly heterogeneous urban area?  In order to answer this question we 
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established three objectives: (1) to examine bird distribution in relation to both 

proximate local vegetation habitat characteristics and landscape biophysical structure; 

(2) to compare the relative importance of local vegetation and landscape biophysical 

structure; (3) to identify scales at which bird species responds most strongly 

to landscape biophysical measures.  

METHODS 

Study area  

We quantified bird, local vegetation, and landscape variables for riparian forests 

of the Mill Creek watershed (42 994 ha) located within the Midwestern metropolitan 

area of Cincinnati, Hamilton County, Ohio (39.2° N 84.5° W) (Fig. 1).  The Mill Creek 

is one of the most polluted and threatened urban rivers in the United States (American 

Rivers 1997), and its watershed includes some of the fastest growing areas in Ohio, with 

over half a million people living and working within its boundaries (U.S. Census 

Bureau 2000).   

Within this watershed, we selected a 4 243 ha study area comprised of a portion 

of the Mill Creek and sections of two tributaries, Sharon Creek and West Fork Mill 

Creek (human population density ~ 1,498 persons/km
2
), which represents the 

heterogeneity of land-cover types typically associated with a metropolitan area: diverse 

public parks, open spaces, residential, industrial, and commercial land uses (Fig. 2).  

We located 71 sites systematically from a random starting point along Mill Creek, 

Sharon Creek, and West Fork Mill Creek (Ralph et al. 1995) using ArcView 9.1 and the 

Cincinnati Area Geographic Information System (CAGIS) dataset (based on 2001 color 
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orthophotos at 0.5 m resolution).  All sites represent “natural” riparian areas within an 

urban land-use matrix consisting of forest “corridor” widths ranging from narrow (< 

100 m) to wide (> 500 m).  Plots were placed along the streamside edge and were 

separated by at least 150 m.  Stream channel width was consistent across sites (~ 10 m).  

Geologically, this area is located on the homogeneous Pre-Wisconsinan Drift Plains 

ecoregion (Omernik 1997), and prior to European settlement, the area was 

predominately Beech forest (Fagus grandifolia, Acer saccharum, Plantanus 

occidentalis, Populous deltoides) and mixed mesophytic forest (Gordon 1966).  

Field methods 

Bird Surveys 

 We surveyed birds using variable-radius point counts (Reynolds et al. 1980, 

Bibby et al. 2000) during four breeding seasons (June-July of 2002, 2004, 2005, and 

2006) and visited each site three times per season.  An observer visited a site during the 

first 3.5 hours following sunrise and recorded all individuals heard or seen during five 

minutes within a 50 m radius on days with no rain and wind speeds < 32 km/h.  By 

using a small sampling area and repeated sampling we reduced the likelihood of 

missing individuals (Ralph et al. 1995, Siegel et al. 2001).  We did not correct for 

detectability across sites because detection functions for most species have been shown 

to be relatively constant to 50 m (Schieck 1997).  For our analyses, we did not include 

birds flying over or through the sampling plot.  Furthermore, we did not analyze raptors, 

shorebirds, waterfowl, nocturnal and crepuscular species, and aerial insectivores, 

because point counts are poor at detecting these species (Bibby et al. 2000).  We 
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calculated the relative density of each species as the number of individuals divided by 

the survey effort (number of visits to a site) and plot area (see (Reynolds et al. 1980); 

values were square root transformed to adjust for skewness.  We averaged relative 

density values for species over the three visits in each of the four seasons; correlations 

between relative density and explanatory variables did not vary between years, and thus, 

we chose to average bird relative density over the four years for each sampling point.   

Local vegetation measures 

At the origin of each bird sampling point, we placed a 70 m diameter plot (0.38 

ha) to assess local woody vegetation structure and composition characteristics on both 

sides of the stream (see Table 1).  Within each of these plots we established five 35 m 

radial transects equidistant from the plot origin, and centered a10 m diameter subplot 

(0.0078 ha x 5 = 0.0395 ha) at randomly selected points 5-35 m from the origin along 

each transect.  The radial transect was reselected or shifted by 10º increments if a 

subplot included the stream.  In the 70 m circular plot, we identified and measured the 

diameter at breast height (dbh) of all trees > 10 cm dbh, including dead standing trees.  

In the 10 m diameter subplots, we identified all woody plants with stems < 10 cm 

diameter and measured the height of the tree (> 10 cm dbh) nearest the subplot center 

using a clinometer.  We averaged the five subplot height measures to obtain a canopy 

height measure for each plot.  We calculated tree or canopy stem densities, canopy basal 

area, number of dead trees, average canopy height, and understory stem density; all 

variables were log transformed to adjust for skewness (see Table 1).  We also calculated 

species composition by using relative frequencies of native canopy and understory 
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species (Barbour et al. 1987; for more details see Pennington et al. in review).  Exotic or 

non-native species were defined as those absent from the study area prior to European 

settlement (Braun 1989).   

Biophysical landscape measures 

In order to examine the relative importance of vegetative and built features of 

the urban environment, we used a combination of high-resolution data derived from 

multispectral satellite imagery and digital orthophotos provided by CAGIS.  To assess 

landscape-scale vegetation metrics, we used a type 1 land cover classification map 

derived from 4 m resolution IKONOS satellite imagery; the classification map had a 

90% accuracy rating compared to high resolution orthophotos (Andy Swift, CAGIS, 

personal communication) (Fig. 1 and 2).  Using ArcView GIS version 9.2 with the 

spatial analyst extension and FRAGSTATS (version 3.3; McGarigal et al. 2002); raster 

cell size was 2.43 m), we quantified the relative amount of dominant vegetation types, 

specifically, percentage of tree cover (e.g., trees and shrubs) and percentage grass cover 

(e.g., lawns and meadows), surrounding each site at the following radial buffers, 

henceforth called “spatial scales:” 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 

m (note: we take a biological perspective when referring to scale, thus, “large scale” 

denotes large area and “small scale” denotes small area).  Although FRAGSTATS 

produces several landscape fragmentation metrics (e.g., edge and patch density), we 

chose to focus on percentage cover, a relative measure of landscape composition, 

because it is more easily interpreted than many of the other measurements (e.g., patch 

size, nearest neighbor, interspersion, juxtaposition) (Cunningham and Johnson 2006) 
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and is a more appropriate measure for comparing among landscapes of varying sizes 

(McGarigal et al. 2002).  Correlations between percentage tree and percentage grass 

cover were relatively low (r < 0.60 across scales; Table 2).  

To assess built landscape-scale features, we used building and road footprints 

derived from 0.5 m resolution color digital orthophotos and ArcView GIS version 9.2 

and Hawth Analysis Tools extension, Polygon in Polygon Analyst (Beyer 2004), to 

quantify road density, building density, and building area surrounding each site for the 

same spatial scales (all measures log transformed to counteract skewness).  Both road 

and building density were highly correlated (r > 0.80); thus we only include building 

density since this variable is suggested to be a good surrogate of urbanization (Marzluff 

et al. 2001).  We also examined building area because the footprint of a single building 

can vary greatly within our study area (e.g., a factory versus a residential home) 

(Pennington et al. 2008), and it is possible that building density alone could 

misrepresent development (Hostetler and Knowles-Yanez 2003).  Correlations between 

building area and building density to tree cover and grass cover were relatively low for 

scales ! 600 m (r < 0.60; Table 2) indicating that the level of vegetative cover and built 

measures can vary independently of each other; however, for scales > 600 m building 

area was correlated more strongly with the other metrics (r > 0.60; Table 2).  

Consequently, we chose to only include building density as a measure of the built 

environment.  In general, the lack of both tree and grass cover in our study area is 

because of habitat loss from the direct conversion of natural habitat to urban 

infrastructure (e.g., buildings and roads).  However, building density, or simply the 

number of buildings per hectare in the landscape, varied independently of percent tree 
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cover and grass cover; this measure appears to represent aspects of habitat 

fragmentation as it was strongly correlated with the number of both grass and tree 

patches in the landscape (r > 0.40).      

Statistical methods 

We analyzed relative density of each bird species at each point with respect to 

proximate and landscape-scale biophysical metrics as explanatory variables.  We used 

the mixed model procedure in SAS (PROC MIXED SAS version 9.2, SAS Institute, 

Cary, NC, U.S.A).  At the proximate scale, explanatory variables included seven 

measures of local woody vegetation structure and composition: native canopy stem 

frequency, native understory stem frequency, canopy stem density, understory stem 

density, canopy basal area, canopy height, and number of dead trees.  At landscape 

scales, explanatory variables were percentage of tree cover, grass cover, and building 

density within 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, and 1000 m.  

To reduce concerns about independence among observations or spatial 

autocorrelation (Legendre 1993), we take a model-ranking approach that does not rely 

on conventional hypothesis testing and significance to reject variables or models (see 

Cunningham and Johnson 2006, Diniz-Filho et al. 2008).  We ranked models using a 

multiple-model inference approach rather than trying to determine only a single “best” 

model that described our data (Burnham and Anderson 2002).  Focusing on a single 

model can lead to a misinterpretation of results, especially when examining several 

intercorrelated explanatory variables, which can lead to several models that fit the data 

well.  This approach allowed us to rank possible explanatory models and to retain all 
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models that fit our data well.  Our assumption is that several models (and variables) 

could be similarly important in explaining bird distributions.   

We used an information theoretic method to evaluate a set of models based on 

their explanatory value determined by corrected Akaike's information criterion (AICc; 

adjusted for small sample-size in relation to number of parameters), and identified the 

strongest models (or best-fitting) based on !AICc values (Burnham and Anderson 

2002); !AICc = 0 represented the “best” model and we considered all models with 

!AICc < 3 to be competitive candidate models and were considered to be competitive 

with the best model in explaining the response variable, models having !AICc ! 3 were 

considered to be relatively poorly supported by the data (Cunningham and Johnson 

2006).  We computed Akaike weights for models to assess the evidence of a particular 

model based on the observed data.  We also computed Akaike weights for each 

explanatory variable so that we could compare the relative importance of each variable.  

This prevented us from discarding variables that might be important for explaining bird 

distributions yet do not appear in the “best” selected model (Burnham and Anderson 

2002).  For every species we developed three sets of models to evaluate (1) local 

vegetation characteristics, (2) landscape, and (3) combined proximate and landscape 

effects.  For each analysis, we ranked models by running a model selection routine in 

SAS that calculated AICc, !AICc, model weights, and variable weights; each model 

included one or more explanatory variables.  We report adjusted R
2
 values for the 

“best” model based on linear regression as a way to evaluate goodness of fit. 

To identify competitive local vegetation models, we took an exploratory ‘all 

possible models’ approach to model selection, which included all seven explanatory 
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variables characterizing the canopy and understory woody vegetation, which is in 

contrast to developing a suite of candidate models based on a priori hypotheses.  Given 

that our goal was to gain insight into the relative importance of local vegetation 

variables and to assess unanticipated relationships, not prediction, we felt obliged to 

take an exploratory approach (Diniz-Filho et al. 2008).  From this routine, we identified 

the strongest local vegetation models and variables for each dependent variable.  

We identified competitive landscape-scale biophysical models by running the 

model selection on groups of 33 candidate models; each candidate model included one 

of the landscape biophysical metrics at one of the 11 spatial scales (e.g., percentage 

forest canopy cover for each of the 11 scales (50 m and every 100 m from 100 to 1000 

m)).  We considered the “best” model and any candidate models within !AICc of three 

as representing the most important scale or scales and landscape variables influencing 

bird distributions.   

To compare the relative importance of local vegetation and landscape 

biophysical structure in explaining bird distributions, we performed a separate model 

selection routine for each species that included all three landscape-scale biophysical 

features.  Candidate models for each model selection procedure included the “best” 

proximate model, landscape scale models for each biophysical feature under 

investigation, and combined models (these included the 'best' local-vegetation model 

plus one of the landscape variables (e.g., percentage forest canopy cover for each of the 

11 scales (50 m and every 100 m from 100 to 1000 m)).  We considered the “best” 

model and any candidate models within !AICc of three as representing the most 

important scales and landscape variables influencing bird distributions.   
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RESULTS 

 Over a four-year period, observers recorded 21 088 detections representing 68 

species.  We focus on 48 species and 20 720 detections that met our criteria for analysis 

(see Methods; Appendix A).  Of these bird detections, several species were relatively 

widespread; 26 species were present at more than half the study sites, and 18 species 

were observed at over 75% of the sites.  The ten most abundant species were northern 

cardinal, American robin, house sparrow, Carolina chickadee, European starling, 

common grackle, American goldfinch, song sparrow, Carolina wren, and brown-headed 

cowbird.   

Local vegetation and landscape features 

 The study area represents a gradient of urbanization by capturing areas of 

relatively high and low levels of development intensity (Table 1).  Measures of 

landscape-scale biophysical features varied across spatial scales.  Tree cover ranged 

from 10.0% to 98.8% at 200 m and grass cover ranged from 0.7% to 41.0%; both 

percentage tree and grass cover decreased at larger spatial scales (Table 1).  Building 

density ranged from 0.0 to 8.0 buildings per hectare at 200 m, with density of buildings 

increasing with larger scales (Table 1).  Correlations among nested landscape variables 

of the same kind were strong (e.g., tree cover at 50 – 1000 r ! 0.50; Table 2).  Local 

vegetation measures were partially correlated with all landscape features, but most 

strongly with tree cover (Table 2).  At proximate scales, local vegetation measures were 

negatively influenced by percentage grass cover and positively at both proximate and 

larger scales by percentage tree cover.  Number of dead trees was positively correlated 
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and native tree frequency was negatively correlated with building density. 

Bird response to local vegetation characteristics 

Among best local vegetation models, vegetation composition variables were the 

most common and often the most heavily weighted variables (Table 3).  Best models 

reflected the variables with the highest cumulative weights across all possible models.  

Native tree frequency was important for 27 species, and of these species, only six 

responded negatively: brown-headed cowbird, European startling, house sparrow, 

northern mockingbird, northern cardinal, and song sparrow.  Native understory 

frequency was important for 22 species; nine of these species responded negatively: 

American crow, American goldfinch, common grackle, European startling, house finch, 

house sparrow, mourning dove, song sparrow and warbling vireo.  As for vegetation 

structure measures, tree basal area was important for 10 species; two of these species 

responded negatively: common grackle and northern mockingbird.  Canopy height was 

important for eight species, and out of these eight only two species responded 

positively: Louisiana waterthrush and scarlet tanager.  Number of dead trees was 

important for six species; three species responded positively (brown-headed cowbird, 

house finch, and northern mockingbird) and three negatively (Acadian flycatcher, 

common yellowthroat, and tufted titmouse).  Tree stem density was important for 14 

species; three of these species responded negatively: brown-headed cowbird, house 

finch, and house sparrow.  Understory stem frequency was important for 10 species, and 

none of these species responded positively.  Of the 48 species models, 13 species 

models displayed relatively weak responses to the measured local vegetation variables 
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(adj. R
2 
! 0.10; Table 3): American crow, belted kingfisher, Carolina wren, cedar 

waxwing, common yellowthroat, field sparrow, hairy woodpecker, house wren, 

northern flicker, gray catbird, indigo bunting, red-winged blackbird, and orchard oriole; 

however, several of these species had good model fits for combined models including 

local vegetation and landscape-scale.   

Local vegetation, landscape-scale, and combined model comparisons 

Species responses to local vegetation and landscape biophysical features varied 

in magnitude, directionality (positive or negative responses), and scale (Table 4; for 

graphical representation see Appendix B).  In general, “best” models ("AICc = 0) fit 

observed species data well; however, three species had very weak fits (Carolina wren, 

gray catbird, and hairy woodpecker; adj. R
2 
! 0.10),

 
and will not be discussed here for 

brevity.   

Combined local vegetation and landscape models were better than local 

vegetation-only or landscape-only models and represented the best model ("AICc = 0) 

for 31 of the 44 species, and were competitive ("AICc < 3) for the remaining species, 

except for brown thrasher and great-crested flycatcher (Table 5; Appendix B).  A 

majority of species responded to small scales with best models at ! 500 m.  Eight 

species had best models at larger scales > 500 m: blue-gray gnatcatcher, eastern towhee, 

house sparrow, northern cardinal, northern flicker, pileated woodpecker, yellow-billed 

cuckoo, yellow-throated warbler.  Five species had best models at the smallest scales 

(50 – 100 m): American crow, American goldfinch, brown-headed cowbird, cedar 

waxwing, and tufted titmouse (Table 4; Appendix B).  Two species, northern cardinal 
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and pileated woodpecker, had best models at the largest scale (1000 m)(Table 4; 

Appendix B).  

 Local vegetation-only models represented the best model for blue jay and 

Carolina chickadee, and were competitive models for an additional three species: 

brown-headed cowbird, mourning dove, and scarlet tanager (Table 5; Appendix B); thus 

measures of local vegetation alone provided adequate information for these species.  

For the remaining species, landscape data meaningfully improved the predictive power 

of the models.   

Landscape-only models were competitive for19 species, and represented the best 

model for ten species (Table 5; Appendix B).  For percentage tree cover, landscape-only 

models were competitive for ten species, and represented the best model for six species: 

downy woodpecker, great-crested flycatcher, northern mockingbird, red-bellied 

woodpecker, red-eyed vireo, and white-breasted nuthatch (Table 4; Appendix B).  All 

ten species responded positively to tree cover, except for northern mockingbird and 

song sparrow.  Landscape-only models including percent tree cover at small spatial 

scales (! 500 m) were competitive for seven species. Two species, American crow and 

downy woodpecker, had competitive models including percent tree cover at both small 

and large scales (> 500 m) (Table 4; Appendix B).  

For percentage grass cover, landscape-only models were competitive for seven 

species, and represented the best model for four species, brown thrasher, common 

yellowthroat, orchard oriole, and red-winged blackbird (Table 4; Appendix B).  All 

seven species responded positively with percentage grass cover.  Percentage grass cover 

landscape-only models at smaller spatial scales (! 500 m) were competitive for two 
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species, eastern bluebird and northern flicker.  Percentage grass cover landscape-only 

models at larger spatial scales (> 500 m) were competitive for five species: brown 

thrasher, common yellowthroat, orchard oriole, yellow-billed cuckoo, and yellow-

throated warbler.  Red-winged blackbird had competitive percentage grass cover 

models at both small and large scales (Table 4; Appendix B).  

Landscape-only models for building density were only competitive for one 

species, indigo bunting, and also represented the best model for that species (Table 4; 

Appendix B).  Indigo bunting responded negatively to building density landscape-only 

models at smaller spatial scales (! 500 m).  

Combined models including local vegetation and percentage tree cover 

measures were competitive for 19 species, and was the best model for nine species: 

Acadian flycatcher, common grackle, eastern phoebe, Louisiana waterthrush, northern 

cardinal, scarlet tanager, song sparrow, tufted titmouse, and wood thrush (Table 5; 

Appendix B).  Three of the 19 species responded negatively to percentage tree cover: 

brown-headed cowbird, common grackle, and northern mockingbird (Table 4; 

Appendix B).  Combined models including local vegetation and percentage tree cover at 

smaller spatial scales (! 500 m) were competitive for nine species: blue-gray 

gnatcatcher, brown-headed cowbird, downy woodpecker, northern mockingbird, red-

bellied woodpecker, red-eyed vireo, song sparrow, tufted titmouse, and white-breasted 

nuthatch.  Combined models including percentage tree cover at larger scales (> 500 m) 

were competitive for two species: American crow and northern cardinal.  Nine species 

had competitive combined models including percentage tree cover at both small and 

large scales: Acadian flycatcher, blue jay, Carolina chickadee, cedar waxwing, common 
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grackle, eastern phoebe, Louisiana waterthrush, scarlet tanager, and wood thrush (Table 

4; Appendix B). 

  Combined models including local vegetation and percentage grass cover were 

competitive for 26 species, and was the best model for seventeen species: American 

goldfinch, Baltimore oriole, blue-gray gnatcatcher, brown-headed cowbird, eastern 

bluebird, eastern towhee, European starling, field sparrow, house finch, house sparrow, 

house wren, mourning dove, northern flicker, pileated woodpecker, warbling vireo, 

yellow-billed cuckoo, and yellow-throated warbler (Table 4; Appendix B).  Of the 26 

species, five responded negatively to percentage grass cover: Carolina chickadee, house 

finch, house sparrow, northern cardinal, and scarlet tanager.  Combined models 

including percentage grass cover at smaller spatial scales (! 500 m) were competitive 

for seven species: American goldfinch, Baltimore oriole, eastern bluebird, European 

starling, scarlet tanager, song sparrow, and warbling vireo.  Combined models including 

percentage grass cover at larger scales (> 500 m) were competitive for nine species: 

blue-gray gnatcatcher, brown-headed cowbird, eastern towhee, common yellowthroat, 

field sparrow, house sparrow, pileated woodpecker, red-winged blackbird, and yellow-

billed cuckoo.  Nine species had competitive models including percentage grass cover 

at both small and large scales: blue jay, Carolina chickadee, eastern kingbird, house 

finch, mourning dove, northern cardinal, northern flicker, orchard oriole, white-breasted 

nuthatch (Table 4; Appendix B).  

Combined models including local vegetation and building density were 

competitive for 15 species, and represented the best model for five species: American 

crow, American robin, cedar waxwing, eastern kingbird, and eastern wood-pewee 
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(Table 4; Appendix B).  Eight species responded positively to building density: 

American crow, American robin, brown-headed cowbird, eastern phoebe, house finch, 

house sparrow, mourning dove, and northern cardinal.  Combined models including 

building density at smaller spatial scales (! 500 m) were competitive for seven species: 

Acadian flycatcher, brown-headed cowbird, cedar waxwing, eastern kingbird, house 

finch, house sparrow, and indigo bunting.  Eight species had competitive combined 

models including building density at both small and large scales (> 500 m): American 

crow, American robin, blue jay, Carolina chickadee, eastern phoebe, eastern wood 

pewee, mourning dove, and northern cardinal (Table 4; Appendix B). 

DISCUSSION 

Habitat selection is a challenging process to understand (Jones 2001), especially 

within human-dominated areas (Pennington and Blair in press).  Our study is among the 

first to explicitly explore how local habitat and landscape biophysical heterogeneity 

within the “urban” land-use type influence habitat selection in birds.  Because birds 

select habitat hierarchically across a variety of scales (Hostetler 1999), it is important to 

note the relative importance of local versus landscape features.  Our results provide 

important insights into the hierarchical habitat-selection process by birds within an 

urban area.  For a majority of species the composition of landscape features within 500 

m of streams was the most important landscape scale; however, several birds also 

responded to larger scales (Table 4; Appendix B).  Furthermore, our results emphasize 

the importance of untangling the relative effects of vegetative and built features within 

urban systems (Hostetler and Knowles-Yanez 2003, Cadenasso et al. 2007).  For the 
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majority of species, the amount of vegetation in the landscape (percentage tree cover 

and percentage grass cover) was more important than settlement intensity (building 

density); in general, tree cover and building density were more important at small scales 

and grass cover was more important at large scales (for summary, see Table 6-8).  

Finally, fine-scale habitat elements based on local vegetation characteristics (e.g., 

composition and structure measures) were also important for a majority of birds (Table 

3).  The importance of combined landscape-scale and local vegetation features 

illustrates the need for considering the hierarchical decision-making process employed 

by birds when selecting breeding habitat (Table 4; Appendix B)(Hostetler and Holling 

2000).   

Local vegetation versus landscape influences 

The majority of bird species responded to both local vegetation and surrounding 

landscape scales, so that combined models, incorporating both local vegetation and 

landscape features, were good for many species (Table 4; Appendix B).  Others have 

also noted the benefit of combining both local vegetation and landscape features in 

habitat studies (e.g., Miller et al. 2003, Donnelly and Marzluff 2006, Luther et al. 2008).  

At proximate scales, local vegetation or small-scale landscape-only models (! 100) 

were competitive for more than one-third of the species, which emphasizes the 

importance of considering local habitat characteristics.  However, when taken alone, 

landscape-only models were better candidate models than local vegetation-only models.  

Over half of the species had landscape-only models that were competitive.  This runs 

counter to the conclusions of previous riparian bird studies of urbanizing regions 
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comparing local vegetation and landscape features (Rottenborn 1999, Miller et al. 2003, 

Bakermans and Rodewald 2006, Donnelly and Marzluff 2006).  

Even though landscape-scale models were important for several species, they 

often provided poorer predictive power when taken alone.  For several species, such as 

eastern phoebe, eastern kingbird, eastern wood pewee, Louisiana waterthrush, tufted 

titmouse, and wood thrush, landscape-only models poorly explained bird distributions; 

however, landscape features contributed to very good combined models that were often 

competitive with the best models in explaining the data.  Consequently, the addition of 

landscape scales contributed meaningful information to the local vegetation model.  

Further research is needed to untangle the specific mechanisms at play between within-

territory local vegetation and surrounding landscape features.  

Results from goodness-of-fit models show that our models predicted most 

species well.  Even for species where few individuals were surveyed, best models were 

still biologically meaningful. Species with poorer fits were Carolina wren, gray catbird, 

and hairy woodpeckers; all of these species vary in terms of life-history characteristics 

and territory sizes.  It is possible that these species were responding to broader spatial 

scales or to different aspects of the local vegetation not considered in our study (Mayer 

and Cameron 2003). 

Most influential local vegetation characteristics 

 Species’ responses to vegetation composition and structure measures varied 

widely, emphasizing the importance of species-specific management (Table 3).  Native 

species composition of both canopy and understory vegetation were the most important 
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habitat variables influencing bird distributions (Table 3).  Most species responded 

positively to the presence of native vegetation; exceptions, or species that increased 

with exotic vegetation, included edge-associated or synanthropic species:  American 

crow, American goldfinch, brown-headed cowbird, common grackle, European 

startling, house finch, house sparrow, mourning dove, northern cardinal, and song 

sparrow.  Positive effects from native trees were most important for blue-gray 

gnatcatcher, brown thrasher, Carolina chickadee, eastern towhee, red-bellied 

woodpecker, and white-breasted nuthatch, whereas native understory vegetation was 

most important for increases in the abundance of Acadian flycatcher, eastern phoebe, 

Louisiana waterthrush, scarlet tanager, and wood thrush.  These species were also 

positively associated with percentage tree cover, except for brown thrasher and eastern 

towhee, both of which are more commonly associated with edge and open habitats 

(Ehrlich et al. 1988).   

 In general, many forest-associated species increased in abundance with higher tree 

densities and declined with higher understory stem densities.  Specifically, local tree 

densities positively affected red-bellied woodpecker, red-eyed vireo and tufted 

titmouse; conversely, American goldfinch, brown-headed cowbird, house finch and 

house sparrow were strongly negatively affected.  These latter species are often 

associated with more open areas (Ehrlich et al. 1988).  The majority of bird species 

were negatively associated with increasing understory stem density.  For our study, 

understory stem density was positively correlated with the exotic shrub, Amur 

honeysuckle (Lonicera maackii) (r > 0.70), whose presence is strongly predicted by 

habitat fragmentation (Hutchinson and Vankat 1998).  Furthermore, one of most 
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common species in our study, American robin, has been suggested to be an important 

dispersal vector for this shrub in southwestern Ohio (Bartuszevige and Gorchov 2006). 

 Possible mechanisms for these observed patterns in bird distributions include the 

notion that native trees and shrubs may provide superior food resources and nesting 

opportunities compared to exotic vegetation (Reichard et al. 2001).  Numerous other 

investigations have documented the negative effects of exotic vegetation on 

reproductive performance of many native birds (Schmidt and Whelan 1999, Borgmann 

and Rodewald 2004, Ortega et al. 2006).  In particular, the exotic shrub Amur 

honeysuckle (Lonicera maackii) negatively influences the breeding success of some 

native species (Schmidt and Whelan 1999); however, recent evidence suggests that the 

reproductive success of some widespread native species, such as the northern cardinal, 

is not dependent on exotic vegetation (Leston and Rodewald 2006).   

 Because local riparian vegetation in our urban system was influenced by changes 

in the surrounding landscape features (Table 2; see Pennington et al. in review for 

details), impacts of human activity on bird species were also indirectly expressed 

through changes in vegetation composition and structure.  Modification in riparian 

vegetation from surrounding landscape has been also noted by other studies  (e.g., 

Beissinger and Osborne 1982, Miller et al. 2003, Burton and Samuelson 2007).   

Consequently, habitat restoration efforts aimed at maintaining both native trees and 

shrubs at the site level must also attend to landscape context. 
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Most influential landscape features and spatial scales 

Species responses to landscape features and spatial scale varied greatly in both 

importance and effect (Figure 2; Appendix B).  Our approach to examining the 

influences of different aspects of urban heterogeneity – built and vegetation features – 

across multiple scales did uncover nuanced responses by individual species.  A majority 

of the species in our study are not regionally listed as a species of conservation concern; 

however, several of these species, often labeled “urban avoiders” and “urban adapters” 

(McKinney 2002), did show distinct habitat preferences within the metropolitan 

landscape, emphasizing the importance of considering species-specific management 

actions to prevent possible local extinctions within metropolitan areas of what are 

considered regionally widespread species.  Additionally, management and planning 

efforts focused within metropolitan areas that emphasizes native species diversity (not 

just species of concern) can help ensure common species stay common (McKinney 

2006) and that people have opportunities to experience a biologically diverse landscape 

where they live, work, and play (Miller 2005).  

Based on combined and landscape-scale competitive models, vegetative 

landscape features were important for 40 species (Table 5 and 6; percentage tree cover 

and grass cover, respectively), while surrounding building density was important for 13 

species (Table 7).  Between the two vegetative landscape features, percentage grass 

cover was more commonly included in competitive models than percentage tree cover.  

For the majority of species, the amount of vegetation in the landscape was more 

important than building density.  In general, the percentage tree cover and building 

density were most important at smaller spatial scales (! 500 m; Table 5 and 7, 
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respectively) whereas increasing percentage grass cover was more important at larger 

scales (> 500 m; Table 6).  A similar pattern was reported for an area of much greater 

spatial extent (5000 m) in Ottawa, Canada (Dunford and Freemark 2005).  Others have 

emphasized the importance of small spatial scales (! 200 m) for structuring riparian bird 

communities (Portland, Oregon; Hennings and Edge 2003), yet we found both small 

and large scales to be important depending on the species in question.   

Most native bird species were positively associated with surrounding tree and 

grass cover and negatively with building density; in contrast, exotic species (European 

starling, house finch, and house sparrow) responded oppositely (however, European 

starling did respond positively to grass cover).  This general trend is consistent with 

both western and eastern North American riparian bird studies (Rottenborn 1999, Miller 

et al. 2003, Mason et al. 2007).  However, the spatial response of both native and exotic 

bird species did vary.  For example, European starlings responded to primarily smaller 

spatial scales while house sparrows responded to both small and large scales. Two nest 

predators, American crow and blue jay, had best models at small scales.  The only nest 

parasite, brown-headed cowbird, was best predicted by small scale (50 m) features 

comprised of a mixture of grass and few trees, or in other words, a patchy and 

fragmented habitat; however, others have reported broad scales being most important 

for this species in developed (Hennings and Edge 2003) and undeveloped areas 

(Cunningham and Johnson 2006). 

For 10 species, the lowest AICc values for combined or landscape-only models 

included variables at the largest scales, 700 to 1000 m.  Percentage grass cover was 

important for eight of these species and building density for the remaining two.  Two 
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species that responded to grass cover, pileated woodpecker and red-winged blackbird, 

have large range sizes, and are likely responding to broad expanses of open space with 

scattered trees.  Many of the species showing sensitivity to the largest spatial scales are 

thought to have small breeding territories and remain near nest sites (Erhlich et al. 

1988). The body size of individuals of a species has been suggested to correspond with 

the scale at which a species responds; however, further work is needed to clarify this 

relationship (Hostetler and Holling 2000).  Four of these species (brown thrasher, 

common yellowthroat, eastern towhee, and yellow-billed cuckoo) prefer large expanses 

of open or patchy habitats.  One ubiquitous species, American robin, increased with 

areas of increasing building density at the largest scale, apparently demonstrating its 

preference for exploiting the resources associated with dense residential areas (Donnelly 

and Marzluff 2006).  Several species responded to both small and large scales further 

emphasizing the difficulty of generalizing species responses.  

Interestingly, 14 species responded to multiple landscape features, often at 

different spatial scales.  For example, the Neotropical migrant Acadian flycatcher 

responded positively to the amount of tree cover within 100 to 1000 m and negatively to 

the number of buildings within 100 to 300 m, suggesting the importance of an 

undeveloped forest corridor at least 300 m wide and the influence of tree cover beyond 

300 m regardless of the number of buildings.  In contrast, the exotic species house 

sparrow responded positively to building density at 100 to 200 m and negatively to 

grass cover at 500 to 900 m.  The ubiquitous native species northern cardinal responded 

positively to building density and less grass cover at 300 to 600 m and to less tree cover 

at larger scales from 700 to 1000 m.   Such complexity in species’ responses to both 
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landscape feature and scale suggests that the aggregation of biophysical measures into 

simplified urban indices could mask potential mechanisms.  

Management and research implications 

Riparian habitats within metropolitan areas can provide important breeding 

habitat for a variety of native species.  We accentuate the importance of untangling the 

role of built and vegetative features in order to further our understanding of the 

biophysical composition and structure of these complex urban environments.  Our 

results provide landowners, managers, and land-use planners with species-specific 

information to begin addressing both local and landscape conservation needs.  Human 

decisions that alter the landscape at different scales (e.g., individual landowner, 

municipality, and regional land-use planning) can affect species differently (Hostetler 

1999).  Human-mediated processes occurring at the individual landowner scale (e.g., 

design and management of a backyard) are often considered too fine-scaled to have 

much impact on many species within urban areas.  However, a few species were 

affected by fine-scale landscape decisions; for example, American goldfinch, brown-

headed cowbird, and European starling benefit from individual landowners that manage 

for lawns with a few trees.  In contrast, blue-gray gnatcatcher, downy woodpecker, red-

bellied woodpecker, and tufted titmouse benefit from landowners managing for less 

lawn and more trees (Table 5 and 6).   

Yet most birds would be more affected by a city’s long-range comprehensive 

development plan that considers landscapes at larger scales.  Many of the most urban-

sensitive species require the broad-scale maintenance of natural habitat within urban 
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areas, such as maintaining large grassy open areas with few trees (e.g., common 

yellowthroat, eastern towhee, and yellow-billed cuckoo; Table 6), while others require 

the broad-scale maintenance of forest cover (e.g., Acadian flycatcher, Louisiana 

waterthrush, scarlet tanager, and wood thrush; Table 5).  Still others, often the most 

abundant and widespread species, such as American robin, blue jay, and northern 

cardinal, can co-exist with varying levels of development and vegetation (Table 7).  

Consideration of both local and landscape-scale features is important for studies 

of habitat selection in urbanizing areas.  Researchers of small study areas should attend 

to the larger landscape context, and those focused on landscape modeling efforts should 

acknowledge the role of local vegetation characteristics.  Landscape-scale studies 

should evaluate habitat conditions at scales less than 1 km, especially when high 

resolution remotely-sensed data are available.  In general, the large-scale responses we 

report could be applied to regional level habitat modeling efforts; however, we stress 

that for most species best models were based on the combination of both local and 

landscape information.  Therefore, investigators utilizing regional scale modeling 

should acknowledge the potential limitations of these habitat models (Cunningham and 

Johnson 2006).  Additional studies are needed to parse out the contributions of specific 

biophysical features within the urban landscape and provide additional insights 

regarding the complexity of urban systems.  Futures studies should focus on how 

specific life-history characteristics explain the possible mechanisms behind the pattern 

in bird distributions presented here; suggested approaches would include demographic 

and functional group responses.  Such insights will benefit not only our understanding 
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of species management, but also deepen our understanding of the structure and function 

these novel ecosystems (Hobbs et al. 2006). 
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Table 1.  Summary values for explanatory variables for the Cincinnati study area in 

southwestern Ohio, USA.  

Variable Maximum 75% 

quartile 

Median 25% 

quartile 

Minimum 

Local 

vegetation 
     

N_T_FRQ 1.0 0.9 0.90 0.8 0.7 

N_U_FRQ 0.8 0.1 0.0 0.0 0.00 

TOT_BA 12.6 12.3 11.8 11.6 10.1 

CANOPYH 28.6 18.4 15.4 12.0 7.2 

DEAD_T 23.0 8.0 5.0 3.0 0.0 

T_DEN 6.0 5.7 5.5 5.3 4.4 

U_DEN 10.6 9.8 9.5 9.1 7.9 

Landscape      

%T_50 100.0 99.5 77.2 59.6 8.3 

%T_100 100.0 80.0 61.0 44.2 7.9 

%T_200 98.8 65.7 48.1 34.5 10.0 

%T_300 96.2 60.5 44.2 34.0 9.1 

%T_400 89.3 53.3 44.3 31.0 9.2 

%T_500 81.8 53.6 42.6 30.6 11.9 

%T_600 77.3 52.7 40.1 31.4 15.5 

%T_700 71.1 50.5 38.8 31.0 19.6 

%T_800 65.4 51.3 39.1 31.7 21.0 

%T_900 61.4 50.3 39.3 30.9 22.0 

%T_1000 59.5 48.7 39.7 30.6 21.2 

%G_50 43.8 9.0 8.9 0.8 0.0 

%G_100 48.0 23.0 15.2 7.4 0.0 

%G_200 41.0 26.9 20.4 13.3 0.7 

%G_300 41.3 26.6 21.6 14.0 2.2 

%G_400 39.9 26.2 21.4 15.4 9.2 

%G_500 34.1 25.0 20.6 14.7 12.5 

%G_600 37.0 23.8 20.3 17.9 14.8 

%G_700 37.8 23.9 20.5 18.8 14.1 

%G_800 39.3 23.9 21.1 18.6 15.7 

%G_900 40.6 23.5 21.0 19.1 15.1 

%G_1000 41.1 24.4 21.1 19.6 14.8 

BDEN_50 17.8 1.3 0.0 0.0 0.0 

BDEN_100 10.8 2.6 0.6 0.0 0.0 

BDEN_200 8.0 3.7 1.6 0.3 0.0 

BDEN_300 9.0 4.4 2.0 0.7 0.0 

BDEN_400 9.1 4.4 2.4 0.4 0.0 

BDEN_500 9.3 4.5 2.4 1.2 0.0 

BDEN_600 8.7 4.6 2.4 1.4 0.2 

BDEN_700 9.0 4.8 2.2 1.4 0.4 

BDEN_800 9.2 5.3 2.2 1.4 0.6 

BDEN_900 8.7 5.4 2.4 1.5 0.8 

BDEN_1000 8.4 5.6 2.4 1.7 0.9 
Note: Variable codes: N_T_FRQ = native tree frequency, N_U_FRQ = native understory frequency, TOT_BA = 

basal area, CANOPYH = avg. canopy height, DEAD_T = number dead trees, T_DEN = tree or canopy stem 

density, U_DEN = understory stem density, %T = percentage tree cover (e.g., %T_50 is percentage tree cover 

within 50 m), %G = percentage grass/shrub cover, BDEN = building density (#/ha).  
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Table 2. Correlations between explanatory variables (see Table 1 for codes).  
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Table 2 (continued). Correlations between explanatory variables (see Table 1 for codes). 
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Table 2 (continued). Correlations between explanatory variables (see Table 1 for codes). 
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Table 3.   Species, number of sites species were detected, best local vegetation model, and variable weights (for codes refer to 

Appendix A). 

Weights for variables in local vegetation models 

Vegetation composition Vegetation structure 

Species 

code 

N Best local vegetation model 

Native canopy 

frequency 

Native understory 

frequency 

Canopy 

basal area 

Canopy 

Height 

# Dead 

trees 

Canopy stem 

density 

Understory 

stem density 

Adj 

R2 

MODO 66 - CANOPYH - TOT_U_DEN - 

N_FRQ_U 

-0.31 -0.86 -0.32 -0.85 +0.40 -0.26 -0.60 0.17 

YBCU 28 + N_FRQ_T + TOT_T_DEN - 

CANOPYH 

+0.61 -0.83 -0.37 -0.65 -0.26 +0.27 +0.40 0.18 

BEKI 32 + N_FRQ_T - TOT_U_DEN +0.81 +0.25 +0.40 -0.25 -0.36 -0.48 -0.52 0.07 

RBWO 56 + N_FRQ_T + TOT_T_DEN - 

TOT_U_DEN 

+0.99 +0.27 +0.46 -0.27 -0.44 +0.82 -0.46 0.28 

DOWO 71 + N_FRQ_T + TOT_BA +0.72 +0.31 +0.72 +0.26 +0.27 +0.49 -0.28 0.14 

HAWO 19 + N_FRQ_T + N_FRQ_U +0.49 +0.65 +0.36 +0.41 -0.44 +0.48 -0.25 0.08 

NOFL 50 + TOT_BA +0.43 +0.25 +0.60 +0.33 +0.27 +0.33 -0.34 0.04 

PIWO 14 + N_FRQ_T + N_FRQ_U +0.84 +0.66 +0.24 -0.24 -0.44 +0.41 -0.28 0.14 

EWPE 21 + N_FRQ_T + TOT_BA - 

TOT_U_DEN + N_FRQ_U 

+0.83 +0.67 +0.73 +0.43 -0.24 -0.25 -0.80 0.24 

EAPH 11 + N_FRQ_U +0.31 +1.00 +0.24 +0.26 -0.24 +0.24 -0.24 0.23 

ACFL 10 + N_FRQ_T + TOT_T_DEN + 

N_FRQ_U 

+0.87 +1.00 +0.31 +0.49 +0.28 +0.56 +0.33 0.29 

GCFL 32 + N_FRQ_T + TOT_BA - DEAD_T + 

N_FRQ_U 

+0.83 +0.63 +0.74 -0.32 -0.79 +0.47 -0.30 0.24 

EAKI 17 + N_FRQ_T + TOT_BA - 

TOT_T_DEN - CANOPYH + 

N_FRQ_U 

+0.76 +0.77 +0.50 -0.58 -0.28 -0.59 +0.26 0.18 

WAVI 37 + N_FRQ_T - TOT_U_DEN - 

N_FRQ_U 

+0.60 -0.66 +0.41 +0.25 -0.59 -0.26 -0.59 0.09 

REVI 26 + N_FRQ_T + TOT_T_DEN +0.77 +0.41 +0.26 +0.38 -0.38 +0.80 -0.32 0.14 
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BLJA 66 + N_FRQ_T + TOT_BA + 

TOT_T_DEN - TOT_U_DEN 

+0.83 +0.48 +0.78 -0.26 -0.39 +0.69 -0.39 0.24 

AMCR 54 - CANOPYH - N_FRQ_U -0.59 -0.58 -0.32 -0.57 +0.31 -0.25 +0.44 0.06 

CACH 71 + N_FRQ_T + TOT_T_DEN +0.96 +0.27 +0.58 +0.26 +0.33 +0.49 +0.44 0.21 

ETTI 57 + N_FRQ_T + TOT_BA + 

TOT_T_DEN - DEAD_T 

+0.88 +0.38 +0.72 -0.30 -0.80 +1.00 -0.36 0.41 

WBNU 36 + N_FRQ_T + TOT_T_DEN - 

TOT_U_DEN 

+1.00 +0.40 +0.44 -0.32 +0.25 +0.64 -0.88 0.28 

HOWR 6 + N_FRQ_U +0.31 +0.47 -0.27 +0.27 -0.27 -0.34 +0.28 0.02 

CARW 71 - N_FRQ_U +0.36 -0.29 -0.27 +0.31 +0.26 +0.43 +0.31 0.00 

BGGN 64 + N_FRQ_T + CANOPYH +0.94 -0.25 +0.31 +0.62 -0.41 +0.58 -0.30 0.17 

EABL 10 + N_FRQ_U +0.37 +0.27 +0.27 -0.27 -0.30 -0.34 -0.37 0.00 

WOTH 10 + TOT_T_DEN + CANOPYH + 

N_FRQ_U 

+0.36 +1.00 +0.28 +0.67 -0.31 +0.61 +0.29 0.38 

AMRO 71 + TOT_T_DEN - TOT_U_DEN - 

N_FRQ_U 

-0.35 -0.96 +0.35 -0.26 +0.46 +0.73 -0.88 0.19 

GRCA 30 - N_FRQ_U -0.29 -0.85 +0.25 +0.36 -0.25 -0.25 -0.33 0.06 

BRTH 5 + N_FRQ_T + TOT_BA + 

TOT_T_DEN - TOT_U_DEN 

+0.83 +0.48 +0.78 -0.26 -0.39 +0.69 -0.39 0.24 

NOMO 35 - N_FRQ_T - TOT_BA + DEAD_T -0.74 -0.38 -0.79 +0.34 +0.73 -0.33 +0.39 0.16 

EUST 70 - N_FRQ_T - N_FRQ_U -0.98 -1.00 -0.35 -0.25 +0.26 -0.42 -0.33 0.33 

CEDW 55 - TOT_T_DEN + TOT_U_DEN +0.32 +0.25 +0.28 +0.40 +0.30 -0.58 +0.73 0.05 

LOWA 3 + CANOPYH + N_FRQ_U +0.36 +1.00 -0.40 +0.90 -0.26 +0.36 +0.40 0.28 

COYE 15 + TOT_T_DEN - DEAD_T +0.37 -0.26 +0.31 -0.32 -0.53 +0.39 +0.27 0.02 

YTWA 27 + N_FRQ_T + TOT_U_DEN +0.60 -0.30 +0.48 -0.29 -0.42 +0.38 -0.83 0.08 

SCTA 8 + CANOPYH + N_FRQ_U +0.37 +1.00 -0.25 +0.99 -0.25 -0.26 +0.24 0.42 

EATO 16 + N_FRQ_T - CANOPYH +0.94 -0.26 +0.30 -0.90 -0.25 +0.31 -0.29 0.16 

FISP 7 + N_FRQ_U +0.28 +0.37 -0.30 -0.37 +0.28 +0.28 -0.29 0.00 

SOSP 61 - N_FRQ_T - N_FRQ_U -0.98 -0.95 -0.34 -0.38 +0.25 -0.38 +0.32 0.28 

NOCA 71 - N_FRQ_T + TOT_U_DEN -0.70 -0.24 +0.31 -0.24 -0.26 -0.31 -0.99 0.15 

INBU 49 - TOT_T_DEN -0.28 +0.28 +0.33 +0.31 -0.30 -0.33 -0.27 0.00 

RWBL 23 - CANOPYH +0.36 +0.26 -0.28 -0.61 -0.26 +0.28 -0.26 0.02 
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COGR 70 - TOT_BA - N_FRQ_U +0.24 -1.00 -0.62 -0.27 -0.25 -0.58 +0.28 0.27 

BHCO 70 - N_FRQ_T - TOT_T_DEN + 

DEAD_T 

-0.58 -0.24 +0.40 +0.27 +0.69 -0.98 -0.37 0.21 

OROR 14 + N_FRQ_T +0.42 +0.30 -0.27 -0.41 +0.26 +0.27 -0.28 0.00 

BAOR 49 + TOT_BA - TOT_U_DEN +0.37 -0.48 +0.94 -0.33 -0.25 +0.28 -0.87 0.14 

HOFI 27 + TOT_BA - TOT_T_DEN + 

DEAD_T - TOT_U_DEN - N_FRQ_U 

-0.26 -0.58 +0.66 -0.26 +0.81 -0.82 -0.83 0.22 

AMGO 68 - N_FRQ_U -0.34 -1.00 -0.28 +0.24 +0.44 -0.32 -0.37 0.38 

HOSP 69 - N_FRQ_T - TOT_T_DEN - 

N_FRQ_U 

-0.92 -0.89 -0.36 -0.23 +0.29 -0.84 -0.25 0.31 

Note: For best local vegetation models, variables and signs of coefficients (positive or negative effects) are shown.  For example, the 

best proximate model for eastern towhee (EATO) included a positive response to native tree frequency and a negative response to 

canopy height. Strengths of effects are indicated by cumulative weights. Variable weights are the cumulative Akaike weights of 

models in which a variable occurred.  In general, the best proximate models include the most important variables. Where secondary 

variables have comparable weights, omitted variables may contribute to alternative competitive models. 
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Table 4.   The most important scales and landscape variables influencing bird distributions.  Candidate models for species 

based on model selection procedure including the “best” local vegetation model, landscape-scale models for each biophysical 

feature, and combined models (these included the 'best' local-vegetation model plus one of the landscape variables (e.g., 

percentage forest canopy cover for each of the 11 scales (50 m and every 100 m from 100 to 1000 m)).  See Appendix A for 

species codes. 

 Combined models 
 

Landscape-only models 

Species 

code 

Best local 

Vegetation 

model 

50 

m 

100 

m 

200 

m 

300 

m 

400 

m 

500 

m 

600 

m 

700 

m 

800 

m 

900 

m 

1000 

m 

 50 

m 

100 

m 

200 

m 

300 

m 

400 

m 

500 

m 

600 

m 

700 

m 

800 

m 

900 

m 

1000 

m 

Adj. 

R2 

MODO X … … … B+ G+ 

B+ 

G+ 

B+ 

G+ 

B+ 

G+ G+ G+ G+  … … … … … … … … … … … 0.20 

YBCU … … … … … … … … G+ G+ G+ G+  … … … … … … … … G+ … … 0.34 

RBWO … … T+ … … … … … … … … …  … T+ … … … … … … … … … 0.39 

DOWO … T+ … … … … … … … … … …  T+ T+ … … … … … … … … … 0.20 

NOFL … … … … G+ G+ G+ G+ … … … …  … … … … G+ … … … … … … 0.21 

PIWO … … … … … … … … G+ G+ G+ G+  … … … … T+ T+ … … … … … 0.33 

EWPE … … … … B- B- B- B- B- B- B B-  … … … … … … … … … … … 0.31 

EAPH X … B+ T+ T+ T+ 

B+ 

T+ 

B+ 

T+ 

B+ 

T+ … … …  … … … … … … … … … … … 0.27 

ACFL … … T+ 

B- 

T+ 

B- 

T+ 

B- 

T+ T+ T+ T+ … T+ T+  … … T+ T+ … … … … … … … 0.36 

GCFL … … … … … … … … … … … …  … … … T+ T+ … … … … … … 0.34 

EAKI … … … B- 

G+ 

G+ … G+ G+ … … … …  … … … … … … … … … … … 0.28 

WAVI … … … G+ … … … … … … … …  … … … … … … … … … … … 0.25 

REVI … … … T+ … … … … … … … …  … T+ T+ … … … … … … … … 0.21 

BLJA X B- 

G+ 

T+ 

B- 

T+ 

G+ 

B- 

T+ 

G+ 

G+ 

T+ 

G+ 

T+ 

G+ 

T+ 

G+ 

T+ 

B- 

G+ 

T+ 

B- 

G+ 

T+ 

B- 

T+ 

G+ 

B- 

T+ 

G+ 

  T+ T+         0.24 

AMCR … … B+ B+ B+ B+ B+ B+ 

T+ 

T+ 

B+ 

T+ 

B+ 

T+ 

B+ 

T+ 

B+ 

 … T+ T+ … T+ T+ T+ T+ … … … 0.18 

CACH X T+ 

G- 

T+ 

B- 

B- 

T+ 

T+ 

B- 

… G- G- G- G- G- 

B- 

B- 

G- 

 … … … … … … … … … … … 0.21 
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CACH X T+ 

G- 

T+ 

B- 

G- 

B- 

T+ 

G- 

T+ 

B- 

… G- G- G- G- G- 

B- 

B- 

G- 

T+ 

 … … … … … … … … … … … 0.21 

ETTI … T+ T+ T+ … … … … … … … …  … … … … … … … … … … … 0.48 

WBNU … T+ T+ T+ T+ G+ 

T+ 

G+ G+ G+ G+ G+ G+  T+ T+ T+ T+ … … … … … … … 0.34 

HOWR … … … … … G+ G+ … … … … …  … … … … … … … … … … … 0.22 

BGGN … T+ … … … … … G+ G+ G+ G+ G+  T+ … … … … … … … … … … 0.25 

EABL … … … G+ G+ G+ G+ … … … … …  … … G+ … G+ G+ … … … … … 0.14 

WOTH … … … … T+ T+ T+ T+ … … … …  … … … … … … … … … … … 0.46 

AMRO … … B+ B+ B+ B+ B+ B+ B+ B+ B+ B+  … … … … … … … … … … … 0.29 

BRTH … … … … … … … … … … … …  … … … … … … … … G+ G+ G+ 0.37 

NOMO … … … T- … … … … … … … …  … … T- T- … … … … … … … 0.19 

EUST … … G+ … … … … … … … … …  … … … … … … … … … … … 0.38 

CEDW … … … B- B- 

T+ 

T+ T+ T+ … … … …  … … B- B- … … … … … … … 0.12 

LOWA … … … … … T+ T+ T+ T+ T+ T+ T+  … … … … … … … … … … … 0.33 

COYE … … … … … … … … G+ G+ … …  … … … … … … … G+ G+ G+ … 0.37 

YTWA        G+ G+ G+    … … … … … … … … … … … 0.14 

SCTA X G- 

 

… T+ T+ 

G- 

T+ T+ T+ T+ T+ … …  … … … … … … … … … … … 0.45 

EATO … … … … … … … … G+ G+ G+ G+  … … … … … … … … … … … 0.39 

FISP … … … … … G+ G+ … … … … …  … … … … … … … … … … … 0.32 

SOSP … … G+ 

T- 

T- … … … … … … … …  … … T- … … … … … … … … 0.38 

NOCA … … … … B+ B+ B+ 

G- 

B+ 

G- 

T- 

G- 

T- T- T-  … … … … … … … … … … … 0.23 

INBU … … … B- … B- … … … … … …  … B- B- B- B- B- … … … … … 0.15 

RWBL … … … … … … … G+ G+ G+ … …  … G+ … … … … G+ G+ G+ G+ … 0.23 

COGR … … T- T- T- T- T- T- T- T- T- T-  … … … … … … … … … … … 0.32 

BHCO X G+ 

T- 

B- 

G+ 

… B- B- B- … … … … …  … … … … … … … … … … … 0.25 

OROR … … … … … … G+ … … … … …  … … … … … G+ G+ G+ … … … 0.25 

BAOR … … … G+ G+ … … … … … … …  … … … … … … … … … … … 0.29 

HOFI … … … … G- G- 

B+ 

G- 

B+ 

G- G- G- … …  … … … … … … … … … … … 0.29 

AMGO … G+ … … … … … … … … … …  … … … … … … … … … … … 0.48 

HOSP … … B+ B+ … … G- G- G- G- G- …  … … … … … … … … … … … 0.45 
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Notes: Biophysical features are represented by the following symbols: T = percentage tree cover, G = percentage grass cover, 

B = building density, X = local vegetation.  The “best” explanatory models for the relative density of a species (!AICc = 0; 

boldface and underlined type) varied greatly; for each scale, biophysical features are listed in order of importance.  Non-

highlighted type represents candidate models (!AICc < 3).  For example, house sparrow (HOSP) responded negatively to the 

amount of grass cover within 500 to 900 m of the stream and positively to building density within 100 to 200 m of the stream.  

Overall, combined models and landscape scales " 500 m were most important across species.  Goodness of fit is based on adj. 

R
2
 from linear regression for best model.  See Appendix B for graphical representation of modeling results.  
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Table 5.  Competitive models based on local-vegetation only, landscape-scale 

only, and combined models (!AICc < 3) for each species.  XX represents 

“best” models (!AICc = 0). 

Common name Local vegetation Combined Landscape 

blue jay XX X X 

Carolina chickadee XX X  

eastern phoebe X XX  

scarlet tanager X XX  

brown-headed cowbird X XX  

mourning dove  XX  

eastern-wood pewee  XX  

eastern kingbird  XX  

warbling vireo  XX  

tufted titmouse  XX  

wood thrush  XX  

American robin  XX  

European starling  XX  

Louisiana waterthrush  XX  

yellow-throated warbler  XX  

eastern towhee  XX  

field sparrow  XX  

song sparrow  XX  

northern cardinal  XX  

common grackle  XX  

Baltimore oriole  XX  

house finch  XX  

American goldfinch  XX  

house sparrow  XX  

yellow-billed cuckoo  XX X 

northern flicker  XX X 

pileated woodpecker  XX X 

Acadian flycatcher  XX X 

American crow  XX X 

white-breasted nuthatch  XX X 

blue-gray gnatcatcher  XX X 

eastern bluebird  XX X 

cedar waxwing  XX X 

red-bellied woodpecker  X XX 

downy woodpecker  X XX 

red-eyed vireo   X XX 



 

151 

northern mockingbird  X XX 

common yellowthroat  X XX 

indigo bunting  X XX 

red-winged blackbird  X XX 

orchard oriole  X XX 

great crested flycatcher   XX 

brown thrasher   XX 
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Table 6.  Summary of species response to scale for percentage tree cover based on both 

combined-models and landscape-only models.  Positive relationships represented by 

solid black bars and negative relationships represented by slashed bars. 

Percentage Tree Cover  

Species  

50 

m 

100 

m 

200 

m 

300 

m 

400 

m 

500 

m 

600 

m 

700 

m 

800 

m 

900 

m 

1000 

m 

Brown-headed Cowbird            

Blue-gray Gnatcatcher            

Downy Woodpecker            

Red-bellied Woodpecker            

Eastern-tufted Titmouse            

Song Sparrow            

Red-eyed Vireo            

White-breasted Nuthatch            

Northern Mockingbird            

Pileated Woodpecker            

Wood Thrush            

Eastern Phoebe            

Scarlet Tanager            

Louisiana Waterthrush            

American Crow            

Northern Cardinal            

Acadian Flycatcher            

Blue Jay            

Common Grackle            

Carolina Chickadee            
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Table 7. Summary of species response to scale for percentage grass cover based on both 

combined-models and landscape-only models.   Positive relationships represented by 

solid black bars and negative relationships represented by slashed bars. 

Percentage Grass Cover  

Species  

50 

m 

100 

m 

200 

m 

300 

m 

400 

m 

500 

m 

600 

m 

700 

m 

800 

m 

900 

m 

1000 

m 

American Goldfinch            

Brown-headed Cowbird            

European Starling            

Song Sparrow            

Scarlet Tanager            

Warbling Vireo            

Baltimore Oriole            

House Wren            

Eastern Kingbird            

Eastern Bluebird            

Northern Flicker            

Field Sparrow            

Northern Cardinal            

Yellow-throated Warbler            

House Finch            

Common Yellowthroat            

House Sparrow            

Red-winged Blackbird            

Mourning Dove            

White-breasted Nuthatch            

Blue-gray Gnatcatcher            

Pileated Woodpecker            

Eastern Towhee            

Yellow-billed Cuckoo            

Brown Thrasher            

Carolina Chickadee            

Blue Jay            
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Table 8.  Summary of species response to scale for building density based on both 

combined-models and landscape-only models.  Positive relationships represented by 

solid black bars and negative relationships represented by slashed bars. 

Building Density  

Species  

50 

m 

100 

m 

200 

m 

300 

m 

400 

m 

500 

m 

600 

m 

700 

m 

800 

m 

900 

m 

1000 

m 

House Sparrow            

Acadian Flycatcher            

Brown-headed Cowbird            

House Finch            

Eastern Phoebe            

Indigo Bunting            

Northern Cardinal            

Mourning Dove            

Carolina Chickadee            

Eastern Wood-Pewee            

American Robin            

American Crow            

Blue Jay            
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Figure 1.  Location of the 71 study plots used to examine bird distributions in riparian 

areas within the Mill Creek watershed in the greater Cincinnati metropolitan area 

Hamilton County, Ohio, U.S.A.  Land use/land cover map derived from IKONOS 

satellite imagery courtesy of Space Imaging, LLC and Cincinnati Area Geographical 

Information Systems. 
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Figure 2.  Examples of the variety of land-use types within Cincinnati, OH, U.S.A. 

study area for West Fork Mill Creek (a).  Close-up example of fine-scale landscape 

biophysical heterogeneity – built and vegetative elements – based on fine-scale digital 

orthophotos (1:10,000) (b) and IKONOS derived land cover data (c).  Black circles 

represent 50-m radius study plots where birds and woody vegetation were surveyed.  

IKONOS imagery courtesy of Space Imaging, LLC and Cincinnati Area Geographical 

Information Systems. 
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Appendix A.  Forty-eight bird species surveyed during 2002 migratory season in Mill 

Creek watershed in the greater Cincinnati Metropolitan area used in analyses (see 

methods for calculation of relative density (birds/hectare)). 
 

Species 

code Common name Scientific name Origin 

Mig. 

status Mean relative density  % of 71 plots 

MODO mourning dove Zenaida macroura N SD 0.527 93.0 

YBCU yellow-billed cuckoo Coccyzus americanus N N 0.120 39.4 

BEKI belted kingfisher Ceryle alcyon N SD 0.153 45.1 

RBWO red-bellied woodpecker Melanerpes carolinus N P 0.492 78.9 

DOWO downy woodpecker Picoides pubescens N P 0.710 100.0 

HAWO hairy woodpecker Picoides villosus N SD 0.072 26.8 

NOFL northern flicker Colaptes auratus N SD 0.266 70.4 

PIWO pileated woodpecker Dryocopus pileatus N P 0.073 19.7 

EWPE Eastern-wood pewee Contopus virens N N 0.172 29.8 

EAPH eastern phoebe Sayornis phoebe N SD 0.040 15.5 

ACFL Acadian flycatcher Empidonax virescens N N 0.101 14.1 

GCFL great crested flycatcher Myiarchus crinitus N N 0.171 45.1 

EAKI eastern kingbird Tyrannus tyrannus N N 0.052 23.9 

WAVI warbling vireo Vireo gilvus N N 0.172 52.1 

REVI red-eyed vireo  Vireo olivaceus N N 0.148 36.6 

BLJA blue jay Cyanocitta cristata N SD 0.597 93.0 

AMCR American crow 

Corvus 

brachrhynchos N SD 0.207 76.1 

CACH Carolina chickadee Poecile carolinensis N P 1.295 100.0 

ETTI tufted titmouse Baeolophus bicolor N P 0.421 80.3 

WBNU white-breasted nuthatch Sitta carolinensis N P 0.267 50.7 

HOWR house wren Troglodytes aedon N N 0.070 8.5 

CARW Carolina wren 

Thryothorus 

ludovicianus N P 0.823 100.0 

BGGN blue-gray gnatcatcher Polioptila caerulea N N 0.570 90.1 

EABL eastern bluebird Sialia sialis N SD 0.047 14.1 

WOTH wood thrush Hylocichla mustelina N N 0.156 14.1 

AMRO American robin Turdus migratorius N SD 1.730 100.0 

GRCA gray catbird 

Dumetella 

carolinensis N N 0.123 42.3 

BRTH brown thrasher Toxostoma rufum N N 0.016 7.0 

NOMO northern mockingbird Mimus polyglottos N SD 0.145 49.3 

EUST European starling Sturnus vulgaris E SD 0.963 98.6 

CEDW cedar waxwing Bombycilla cedrorum N SD 0.469 77.5 

LOWA Louisiana waterthrush Seiurus motacilla N N 0.029 4.2 

COYE common yellowthroat Geothlypis trichas N N 0.072 21.1 
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YTWA yellow-throated warbler Dendroica dominica N N 0.146 38.0 

SCTA scarlet tanager Piranga olivacea N N 0.057 11.3 

EATO Eastern towhee 

Pipilo 

erythrophthalmus N SD 0.104 22.5 

FISP field sparrow Spizella pusilla N SD 0.031 9.9 

SOSP song sparrow Melospiza melodia N SD 0.743 85.9 

NOCA northern cardinal Cardinalis cardinalis N P 1.955 100.0 

INBU indigo bunting Passerina cyanea N N 0.369 69.0 

RWBL red-winged blackbird Agelaius phoeniceus N SD 0.135 32.4 

COGR common grackle Quiscalus quiscula N SD 0.853 98.6 

BHCO brown-headed cowbird Molothrus ater N SD 0.722 98.6 

OROR orchard oriole Icterus spurius N N 0.043 19.7 

BAOR Baltimore oriole Icterus galbula N N 0.247 69.0 

HOFI house finch 

Carpodacus 

mexicanus E SD 0.148 38.0 

AMGO American goldfinch Carduelis tristis N SD 0.805 95.8 

HOSP house sparrow Passer domesticus E P 1.047 97.2 
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Appendix B.  Plots of ! AICc show scales of response and comparisons between landscape features as well as comparisons between local 

vegetation, landscape, and combined models.  Graphs of "AIC compare models within a set.  Best models have "AIC = 0, but models with "AIC 

< 3 can be considered competitive with the best model.  Triangles indicate "AIC for local vegetation models: LV = .  Dashed lines show 

"AIC across scales for models containing only one landscape variable: % Tree = , % Grass = , Building density = .  Solid lines 

show "AIC for combined (local vegetation and landscape) models at 50 to 1000 m scales: % Tree + LV = , % Grass +LV  = , 

Building density + LV = .  Goodness of fit for the “best” model based on adjusted R
2
 and the relationship for each landscape feature are 

reported.  
 

a) Local vegetation characteristics most important  

 
 

b) Small-scale landscape (! 500 m) most important 
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c) Large-scale landscape (> 500) most important 
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d) Both small and large-scale landscape scale important  
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My research in the Cincinnati metropolitan region advances our knowledge on the 

effect of both local and landscape biophysical features – vegetation and built 

infrastructure – on the distribution of birds in urban riparian areas.  Birds are distributed 

differently in urban areas depending on their individual life history characteristics and 

migratory strategies.  The vegetative and built features of urban areas affect bird 

distributions differently.  Finally, birds respond differently to features in the urban 

environment at varying spatial scales.  

Habitat selection during spring migration 

 Tree cover and building area are the most important landscape features affecting 

the habitat selection of native birds during spring migration.  Native forest bird species 

are more abundant, more diverse, and more evenly distributed in riparian areas with 

greater tree cover and less urban development (e.g., buildings) within the surrounding 

landscape.  Synanthropic and exotic species show the opposite response and are more 

numerous in riparian areas with less tree cover and more urban development.   

During spring migration, native birds rely on native trees and shrubs.  Most native 

bird species are dependent on riparian forests comprised of native woody vegetation and 

with a structurally diverse canopy.  Again, synanthropic and exotic species respond 

oppositely, and are found in areas comprised of more exotic trees and shrubs and less 

structure.    

Long-distance migrant songbirds are most affected by changes in the biophysical 

features.  Riparian forests with a high percentage of tree cover and fewer buildings within 

250-500 m surrounding the streams are important for retaining long-distance migrant 

songbirds.  Permanent resident species are most strongly associated with areas of high 
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tree cover within 250 m of the stream, and short-distance migrants are positively 

correlated with grass cover within 500 m of the stream.   

 Native woody plant composition is the most important local vegetation 

characteristic for determining habitat selection by long-distance migrants.  Native 

vegetation is also important for permanent resident species, but to a lesser degree.  Short-

distance migrants do not show a clear preference for the local vegetation characteristics 

measured. 

Stopover habitat selection dependent on native vegetation surrounding streams 

 En-route Neotropical migrants occur in more urbanized sites than locally breeding 

Neotropical species.  During spring migration, en route or stopover migrants settle into 

urban landscapes without regard to degree of urbanization, but do select certain habitat 

attributes once on the ground.  Specifically, en-route migrants utilize areas with of a wide 

(250-500 m) buffer of tree cover regardless of whether buildings are present.  Locally 

breeding species preferred wider riparian forests (> 500 m) with little or no development.  

Riparian forests that include native woody species and high canopies are 

important for both en-route and locally breeding Neotropical species.  

Breeding habitat selection dependent on both proximate and landscape  

  Bird distributions are best described by both the amount of vegetation (amount of 

tree and grass cover) in the surrounding landscape and the woody plant composition of 

the riparian forest.  Native breeding species select habitat based on vegetation features 

within the surrounding landscape with little regard for building density.  Habitat selection 

for most birds is dependent on the biophysical features present within small spatial scales 
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(! 500 m) based on the amount of tree cover and building density; grass cover is most 

important at larger scales (500-1000 m).   

 Most breeding bird species select riparian habitats comprised of native canopy 

and understory vegetation.  However, habitat selection by several species is also 

dependent on structural vegetation measures such as tree and shrub stem densities, tree 

basal area, and canopy height.  

Management and conservation recommendations 

Past large-scale urban gradient studies have documented that urban riparian 

forests are more impaired than their “natural” or rural counterparts (e.g., Paul and Meyer 

2001, Rodewald and Bakerman 2006); and consequently, their conclusions often 

diminish the perceived ecological value of small remnant vegetation within highly 

modified landscapes.  Yet it is becoming increasingly important for researchers, 

managers, planners, and citizens to understand the potential ecological and societal value 

of remnant urban vegetation (Miller and Hobbs 2002, Turner et al. 2004). Given that over 

60 % of the world’s population will reside in urban areas by 2030 (UNPD 2003), my 

study illustrates how the “less than pristine” forested habitats can provide an opportunity 

to support critical ecosystem services for both people and other species (Miller 2005, 

Bernhardt and Palmer 2007).  

A majority of the bird species examined in my study are not regionally listed as 

species of conservation concern; however, several of these species did show distinct 

habitat preferences within the metropolitan landscape, emphasizing the importance of 

considering species-specific management actions to prevent possible local extinctions 

within metropolitan areas of what are considered regionally widespread species. 
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To maintain native birds, management activities should aim to avoid activities 

that diminish tree cover both near and adjacent to urban streams.  Riparian buffers of 250 

m are sufficient to protect a reasonable amount of bird diversity.   Efforts are also needed 

to restore and maintain native riparian vegetation of both tree and shrub species.  

Managing for stopover habitat 

Birds that use urban landscapes during migration are often constrained by habitat 

availability and have few options when selecting areas for feeding and resting as they 

finish migratory flight.  Management efforts should focus on protecting and restoring the 

remaining wide and undeveloped riparian forests within metropolitan areas, especially 

within 250 to 500 m within the surrounding landscape of a stream.  Because developed 

areas incorporating a high amount of tree cover appear to be perceived as “forest” to en 

route long-distance migrant songbirds during stopover, efforts should aimed at increasing 

native tree and shrub cover with residential and commercial developments should be 

strongly encouraged.  

Managing for breeding habitat 

Management actions should acknowledge the species-specific habitat 

requirements of birds within urban environments.  Efforts should be made to attend to 

local vegetation and landscape considerations, as some species require wide riparian 

forests and others require more open areas.  The effect of spatial scale on individual 

species can greatly influence the extent of management activities for a species.   
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Future directions  

Future work should examine the role of urban biophysical features on bird 

distributions in other metropolitan areas.  Additional studies comparing migration and 

breeding habitat selection within urban areas are needed to better design urban areas for 

bird conservation.  Both energetic and demographic investigations are needed to further 

understanding into the mechanisms behind these patterns described here.  

 

LITERATURE CITED 

Bernhardt, E. S., and M. A. Palmer. 2007. Restoring streams in an urbanizing world. 

Freshwater Biology 52:738-751. 

 

Meyer, J. L., M. J. Paul, and W. K. Taulbee. 2001. Stream ecosystem function in 

urbanizing landscapes. Journal of the North American Benthological Society 

24:602-612. 

 

Miller, J. R., and R. J. Hobbs. 2002. Conservation where people live and work. 

Conservation Biology 16:330-337. 

 

Rodewald, A. D., and M. H. Bakermans. 2006. What is the appropriate paradigm for 

riparian forest conservation? Biological Conservation 128:193-200. 

 

Turner, W. R., T. Nakamura, and M. Dinetti. 2004. Global urbanization and the 

separation of humans from nature. Bioscience 54:585-590. 

 

UNPD. 2003. United Nation's Population Division, World Population Prospects: The 

2002 Revision. United Nations. 



 

170 

 

 

 

 

 

CHAPTER 6 

 

 

 

 

 

 
Bibliography 



 

171 

Alberti, M. 2005. The effects of urban patterns on ecosystem function. International 

Regional Science Review 28:168-192. 
 

Alberti, M., and J. M. Marzluff. 2004. Ecological resilience in urban ecosystems: linking 

urban patterns to human and ecological functions. Urban Ecosystems 7:241-265. 

 

Alberti, M., Botsford, E., and A. Cohen.  2001. Quantifying the urban gradient: linking 

urban planning and ecology. Pg. 89-116 in J.M. Marzluff, J.L. Bowden, and R. 

Donnelly editors. Avian ecology and conservation in an urbanizing world. Kluwer 

Academic Publishers, Boston, Massachusetts, U.S.A. 

American Rivers. 1997. America's most endangered and threatened rivers. Assessed 

November 11, 2002: http://amrivers.localweb.com/10-most97.html. 

 

Anderson, S.H. and H.H Shugart Jr. 1974. Habitat selection of breeding birds in an East 

Tennessee deciduous forest. Ecology 55, 828-837. 

Austin, M. P. 1985. Continuum concept, ordination methods, and niche theory. Annual 

Review of Ecology and Systematics 16:39-61. 

Austin, M. P. 1987. Models for the analysis of species' response to environmental 

gradients. Plant Ecology 69:35-45. 

Bakermans, M. H., and A. D. Rodewald. 2006. Scale-dependent habitat use of Acadian 

flycatcher (Empidonax virescens) in central Ohio. Auk 123:368-382. 

 

Barbour, M. G., J. H. Burk, and W. D. Pitts. 1987. Terrestrial plant ecology. 

Benjamin/Cummings Menlo Park, California, U.S.A. 

 

Bartuszevige, A. M., and D. L. Gorchov. 2006. Avian seed dispersal of an invasive shrub. 

Biological Invasions 8:1013-1022. 

 

Beissinger, S. R., and D. R. Osborne. 1982. Effects of urbanization on avian community 

organization. The Condor 84:75-83. 

 
Bernhardt, E. S., and M. A. Palmer. 2007. Restoring streams in an urbanizing world. 

Freshwater Biology 52:738-751. 

 

Berry, B. L. 1990. Urbanization. The earth as transformed by human action. Pg. 103-119. 

In Turner B. L., W. C. Clark, R. W. Kates, J. F. Richards, M. J.T. and W. B. 

Meyers editors. The earth as transformed by human actions. Cambridge, 

Cambridge University Press, Cambridge, U.K. 



 

172 

Best, L. B., and D. F. Stauffer. 1980. Factors affecting nesting success in riparian bird 

communities. Condor 82:149-158. 

 

Beyer, H. L. 2004. Hawth's analysis tools for ArcGIS. Assessed May 1, 2008: 

http://www. spatialecology.com/htools. 

 

Bibby, C. J., N. D. Burgess, and D. A. Hill. 2000. Bird census techniques. Academic 

Press, London, United Kingdom. 

 

Blair, R. B. 1996. Land use and avian species diversity along an urban gradient. 

Ecological Applications 6:506-519. 

 

Blair, R. B. 1999. Birds and butterflies along an urban gradient: surrogate taxa for 

assessing biodiversity? Ecological Applications 9:164-170. 

 

Blair, R. B. 2001. Creating a homogeneous avifauna. Pg. 459-487 in J. M. Marzluff, R. 

Bowman, and R. Donnelly, editors. Avian ecology and conservation in an 

urbanizing world. Kluwer Academic Publishers, Norwell, Massachusetts, U.S.A. 

 

Blair, R. B. 2004. The effects of urban sprawl on birds at multiple levels of biological 

organization. Ecology and Society 9:2. 

Bock, C. E., and Z. F. Jones. 2004. Avian habitat evaluation: Should counting birds 

count? Frontiers in Ecology and the Environment 2:403-410. 

Borgmann, K. L., and A. D. Rodewald. 2004. Nest predation in an urbanizing landscape: 

the role of exotic shrubs. Ecological Applications 14:1757-1765. 
 

Braun, E. L., 1989. The woody plants of Ohio: trees, shrubs and woody climbers, native, 

naturalized, and escaped. Ohio State University Press, Columbus, Ohio, U.S.A. 

 

Braun, E.L. 1950. Deciduous Forests of Eastern North America. The Blakiston Co., 

Philadelphia, Pennsylvania, U.S.A.  

Burnham, K. P., and D. R. Anderson. 2002. Model selection and multimodel inference: a 

practical information-theoretic approach. Springer. 

 

Burton, M. L., and L. J. Samuelson. 2007. Influence of urbanization on riparian forest 

diversity and structure in the Georgia Piedmont, US. Plant Ecology 195:1-17. 

 

Cadenasso, M. L., S. T. A. Pickett, K. C. Weathers, and C. G. Jones. 2003. A framework 

for a theory of ecological boundaries. Bioscience 53:750-758. 



 

173 

Cadenasso, M. L., S. T. A. Pickett, and M. J. Grove. 2006. Integrative approaches to 

investigating human-natural systems: The Baltimore ecosystem study. Natures 

Sciences Sociétés 14:4-14. 

Cadenasso, M. L., S. T. A. Pickett, and K. Schwarz. 2007. Spatial heterogeneity in urban 

ecosystems: reconceptualizing land cover and a framework for classification. 

Frontiers in Ecology and the Environment 5:80-88. 

 

Carreiro, M. M., K. Howe, D. F. Parkhurst, and R. V. Pouyat. 1999. Variations in quality 

and decomposability of red oak litter along an urban-rural land use gradient. 

Biologically Fertile Soils 30:258. 

 

Chace, J. F., and J. J. Walsh. 2006. Urban effects on native avifauna: a review. Landscape 

and Urban Planning 74:46-69. 

 

Clergeau, P., J. P. L. Savard, G. Mennechez, and G. Falardeau. 1998. Bird abundance and 

diversity along an urban-rural gradient: a comparative study between two cities on  

 

Cunningham, M. A., and D. H. Johnson. 2006. Proximate and landscape factors influence 

grassland bird distributions. Ecological Applications 16:1062-1075. 

 

Czech, B. 2000. Economic growth as the limiting factor for wildlife conservation. 

Wildlife Society Bulletin 28:4-15. 

 

Czech, B., Krausman, P.R., and P.K. Devers. 2000. Economic associations among causes 

of species endangerment in the United States. Bioscience 50:593-601. 

Dale, V. H., S. Brown, R. A. Haeuber, N. T. Hobbs, N. Huntly, R. J. Naiman, W. E. 

Riebsame, M. G. Turner, and T. J. Valone. 2000. Ecological principles and 

guidelines for managing the use of land. Ecological Applications 10:639-670. 

DeGraaf, R.M. and J.H. Rappole. 1995. Neotropical migratory birds: natural history, 

distribution, and population change. Cornell University Press. 

Diniz-Filho, J. A. F., T. Rangel, and L. M. Bini. 2008. Model selection and information 

theory in geographical ecology. Global Ecology and Biogeography 17: 479-488. 

 

Donnelly, R., and J. M. Marzluff. 2004. Importance of reserve size and landscape context 

to urban bird conservation. Conservation Biology 18:733-745. 

Donnelly, R., and J. M. Marzluff. 2006. Relative importance of habitat quantity, 

structure, and spatial pattern to birds in urbanizing environments. Urban 

Ecosystems 9:99-117. 



 

174 

 

Donovan, T. M., C. J. Beardmore, D. N. Bonter, J. D. Brawn, R. J. Cooper, J. A. 

Fitzgerald, R. Ford, S. A. Gauthreaux, T. L. George, and W. C. Hunter. 2002. 

Priority research needs for the conservation of Neotropical migrant landbirds. 

Journal of Field Ornithology 73:329-339. 

 

Dunford, W., and K. Freemark. 2005. Matrix matters: effects of surrounding land uses on 

forest birds near Ottawa, Canada. Landscape Ecology 20:497-511. 

 

Ehrlich, P. R., D. S. Dobkin, and D. Wheye. 1988. Birder's handbook: a field guide to the 

natural history of North American birds. Simon and Schuster Inc, New York, 

New York, U.S.A. 

 
Emlen, J. T. 1974. An urban bird community in Tucson, Arizona: Derivation, structure, 

regulation. The Condor 76:184-197. 

Fleishman, E., McDona, N., Mac Nally, R., Murphy, D.D., Walters, J.R., and T. Floyd.  

2003. Effects of floristics, physiognomy and non-native vegetation on riparian 

bird communities in a Mojave Desert watershed. Journal of Animal Ecology 72: 

484-490. 

Foley, J. A., R. DeFries, G. P. Asner, C. Barford, G. Bonan, S. R. Carpenter, F. S. 

Chapin, M. T. Coe, G. C. Daily, and H. K. Gibbs. 2005. Global consequences of 

land use. Science 309:570-574. 

 

Fraker, M. E., J. W. Snodgrass, and F. Morgan. 2002. Differences in growth and 

maturation of blacknose dace (Rhinichthys atratulus) across an urban-rural 

gradient. Copeia 2002:1122-1127. 

Friesen, L.E., Eagles, P.F.J., and R.J Mackay. 1995. Effects of residential development 

on forest-dwelling Neotropical migrant songbirds. Conservation Biology 9: 1408-

1414. 

George, T.L. and D.S. Dobkin.  2002. Introduction: habitat fragmentation and western 

birds. Studies in Avian Biology 25:4-7. 

Gering, J. C., and R. B. Blair. 1999. Predation on artificial bird nests along an urban 

gradient: Predatory risk or relaxation in urban environments? Ecography 22:532-

541. 

Gering, J.C. and R.B Blair. 1999. Predation on artificial bird nests along an urban 

gradient: predatory risk or relaxation in urban environments? Ecography 22:532-

541. 



 

175 

Goldman, M. B., P. M. Groffman, R. V. Pouyat, M. J. McDonnell, and S. T. A. Pickett. 

1995. Ch4 uptake and N availability in forest soils along an urban to rural 

gradient. Soil Biology and Biochemistry 27:281. 

Gordon, R. B. 1966. Natural vegetation of Ohio: at the time of the earliest land aurveys. 

Ohio Biological Survey. Ohio State University, Columbus, Ohio, U.S.A. 

 

Gottdiener, M., and R. Hutchinson. 2006. The new urban sociology: Third edition. 

Westview Press, Boulder, Colorado, U.S.A. 

Gottschalk, T. K., F. Huettmann, and M. Ehlers. 2005. Review article: Thirty years of 

analyzing and modeling avian habitat relationships using satellite imagery data: A 

review. International Journal of Remote Sensing 26:2631-2656. 

Green, D.M. and M.G. Baker. 2003. Urbanization impacts on habitat and bird 

communities in a Sonoran desert ecosystem. Landscape and Urban Planning 63: 

225-239. 

Grimm, N. B., J. M. Grove, S. T. A. Pickett, and C. L. Redman. 2000. Integrated 

approaches to long-term studies of urban ecological systems. BioScience 50:571-

583. 

Groffman, P. M., D. J. Bain, L. E. Band, K. T. Belt, G. S. Brush, J. M. Grove, R. V. 

Pouyat, I. C. Yesilonis, and W. C. Zipperer. 2003. Down by the riverside: urban 

riparian ecology. Frontiers in Ecology and the Environment 1:315-321. 

 

Groffman, P.M., Bain, D.J., Band, L.E., Belt, K.T., Brush, G.S., Grove, J.M., Pouyat, 

R.V., Yesilonis, I.C., and W.C. Zipperer. 2003. Down by the riverside: urban 

riparian ecology. Frontiers in Ecology and the Environment 1:315-321. 

Grove, J. M., A. R. Troy, J. P. M. O’Neil-Dunne, W. R. Burch, M. L. Cadenasso, and S. 

T. A. Pickett. 2006. Characterization of households and its implications for the 

vegetation of urban ecosystems. Ecosystems 9:578-597. 

Grove, J. M., M. L. Cadenasso, W. R. Burch, S. T. A. Pickett, K. Schwarz, J. O'Neil-

Dunne, M. Wilson, A. Troy, and C. Boone. 2006. Data and methods comparing 

social structure and vegetation structure of urban neighborhoods in Baltimore, 

Maryland. Society & Natural Resources 19:117-136. 

Hayek, L. A. C., and M. A. Buzas. 1997. Surveying Natural Populations. Columbia 



 

176 

University Press, New York, New York, U.S.A.  

Hennings, L. A., and W. D. Edge. 2003. Riparian bird community structure in Portland, 

Oregon: habit, urbanization, and spatial scale patterns. The Condor 105:288-302. 

 

Herrera, A.M. and T.L Dudley. 2003. Reduction of riparian arthropod abundance and 

diversity as a consequence of giant reed (Arundo donax) invasion. Biological 

Invasions 5:167-177. 

Hobbs, R. J., S. Arico, J. Aronson, J. S. Baron, P. Bridgewater, V. A. Cramer, P. R. 

Epstein, J. J. Ewel, C. A. Klink, and A. E. Lugo. 2006. Novel ecosystems: 

theoretical and management aspects of the new ecological world order. Global 

Ecology and Biogeography 15:1-7. 

 

Hobbs, R.J. and L.F. Huenneke. 1992. Disturbance, diversity, and invasion: implications 

for conservation. Conservation Biology 6:324-337. 

Hostetler, M, 2001. The importance of multi-scale analyses in avian habitat selection 

studies in urban environments. Pg. 139-154 in J.M. Marzluff, J.L. Bowden, and R. 

Donnelly editors. Avian ecology and conservation in an urbanizing world. Kluwer 

Academic Publishers, Boston, Massachusetts, U.S.A.  

Hostetler, M. 1999. Scale, birds, and human decisions: a potential for integrative research 

in urban ecosystems. Landscape and Urban Planning 45:15-19. 

 

Hostetler, M. and C.S Holling. 2000. Detecting the scales at which birds respond to 

structure in urban landscapes. Urban Ecosystems 4:25-54. 

Hostetler, M. and K. Knowles-Yanez.  2003. Land use, scale, and bird distributions in the 

Phoenix metropolitan area. Landscape and Urban Planning 62:55-68. 

Hostetler, M., Duncan, S., J. Paul. 2005. Post-construction effects of an urban 

development on migrating, resident, and wintering birds. Southeastern Naturalist 

4:421-434. 

Hurlbert, A.H. and J.P. Haskell. 2003. The effect of energy and seasonality on avian 

species richness and community composition. American Naturalist 161:83-97. 

Hutchinson, T.F. and J.L. Vankat. 1997. Invasibility and effects of Amur honeysuckle in 

southwestern Ohio forests. Conservation Biology 11:1117-1124. 

Hutchinson, T. F., and J. L. Vankat. 1998. Landscape structure and spread of the exotic 

shrub Lonicera maackii (Amur honeysuckle) in southwestern Ohio forests. The 

American Midland Naturalist 139:383-390. 



 

177 

 

Hutto, R.L. 1985. Habitat selection by nonbreeding, migratory land birds. Pg. 455–476 in 

M. L. Cody editor. Habitat selection in birds, Academic Press, New York, New 

York, U.S.A. 

Johnson, R.R., Haight, L.T., and J.M. Simpson. 1977. Endangered species vs. endangered 

habitats: a concept. Importance, Preservation and Management of Riparian 

Habitat: A Symposium July 9, 1977, Tucson, Arizona, USDA Forest Service 

General Technical Report RM-43, pp. 68-79. 

Johnston, R. F. 2001. Syanthropic birds of North America, p. 49-68. In J. M. Marzluff, R. 

Bowman and R. Donnelly [eds.], Avian ecology and conservation in an 

urbanizing world. Kluer Academic Publishing, Norwell, Massachusetts, U.S.A.  

Jokimäki, J and J. Suhonen. 1998. Distribution and habitat selection of wintering birds in 

urban environments. Landscape and Urban Planning 39:253-263. 

Jokimäki, J., and E. Huhta. 2000. Artificial nest predation and abundance of birds along 

an urban gradient. The Condor 102:838-847. 

Jokimäki, J., M. L. Kaisanlahti-Jokimaeki, A. Sorace, E. Femandez-Juricic, I. Rodriguez-

Prieto, and M. D. Jimenez. 2005. Evaluation of the "safe nesting zone" hypothesis 

across an urban gradient: A multi-scale study. Ecography 28:59-70. 

Jones, J. 2001. Habitat selection studies in avian ecology: a critical review. The Auk 

118:557-562. 

 

Karr, J. R., and E. W. Chu. 1999. Restoring life in running waters: Better Biological 

Monitoring. Island Press, Washington D.C., U.S.A. 

 

Keller, N., Pelikan, S., and D. Styer. 1999. Birds of the Cincinnati area. Cincinnati Nature 

Center, Cincinnati, Ohio, U.S.A. 

Kinzig, A. P., P. Warren, C. Martin, D. Hope, and M. Katti. 2005. The effects of human 

socioeconomic status and cultural characteristics on urban patterns of 

biodiversity. Ecology and Society 10:23. 

Kühn, I., R. Brandl, and S. Klotz. 2004. The flora of German cities is naturally species 

rich. Evolutionary Ecology Research 6:749-764.  



 

178 

Legendre, P. 1993. Spatial autocorrelation: trouble or new paradigm? Ecology 74:1659-

1673. 

 
Lepczyk, C. A., A. G. Mertig, and J. Liu. 2004. Landowners and cat predation across 

rural-to-urban landscapes. Biological Conservation 115:191-201. 

Lepczyk, C. A., A. G. Mertig, and J. Liu. 2004. Assessing landowner activities related to 

birds across rural-to-urban landscapes. Environmental Management 33:110-125. 

Lepczyk, C. A., C. H. Flather, V. C. Radeloff, A. M. Pidgeon, R. B. Hammer, and J. Liu. 

2008. Human impacts on regional avian diversity and abundance. Conservation 

Biology 22: 405-416. 

Leston, L. F. V., and A. D. Rodewald. 2006. Are urban forests ecological traps for 

understory birds? an examination using Northern cardinals. Biological 

Conservation 131:566-574. 

 

Levin, S. A. 1992. The problem of pattern and scale in ecology: The Robert H. 

MacArthur award lecture. Ecology 73:1943-1967. 

Luther, D., J. Hilty, J. Weiss, C. Cornwall, M. Wipf, and G. Ballard. 2008. Assessing the 

impact of local habitat variables and landscape context on riparian birds in 

agricultural, urbanized, and native landscapes. Biodiversity and Conservation 

17:1923-1935. 

 

MacArthur, R., H. Recher, M. Cody. 1966. On the relation between habitat selection and 

species diversity. The American Naturalist 100:319-332. 

MacArthur, R.H. and E.R. Pianka. 1966. On optimal use of a patchy environment. The 

American Naturalist 100:603-609. 

Machlis, G. E., J. E. Force, W. R. Burch Jr. 1997. The human ecosystem Part I: The 

human ecosystem as an organizing concept in ecosystem management. Society 

and Natural Resources 10:347-367. 

Magurran, A.E.  2004. Measuring biological diversity.  Blackwell Publishing, Oxford, 

 United Kingdom. 

 

Marzluff, J. M. 2001. Worldwide urbanization and its effects on birds.  Pg. 19-48 in J. M. 

Marzluff, R. Bowman and R. Donnelly editors, Avian ecology and conservation 



 

179 

in an urbanizing world. Kluwer Academic Publishing, Norwell, Massachusetts, 

U.S.A. 

Marzluff, J. M. 2005. Island biogeography for an urbanizing world: how extinction and 

colonization may determine biological diversity in human-dominated landscapes. 

Urban Ecosystems 8:157-177. 

 

Marzluff, J. M., R. Bowman, and R. Donnelly. 2001. A historical perspective on urban 

bird research: Trends, terms, and approaches, p. 1-18. In J. M. Marzluff, R. 

Bowman and R. Donnelly editors, Avian ecology and conservation in an 

urbanizing world. Kluwer Academic Publishers, Norwell, Massachusetts, U.S.A. 

Marzluff, J. M., R. Bowman, and R. Donnelly. 2001. A historical perspective on urban 

bird research: trends, terms, and approaches. Pg. 1-18 in J. M. Marzluff, R. 

Bowman, and R. Donnelly, editors. Avian ecology and conservation in an 

urbanizing world. Kluwer Academic Publishers, Norwell, Massachusetts, U.S.A. 

 

Mason, J., C. Moorman, G. Hess, and K. Sinclair. 2007. Designing suburban greenways 

to provide habitat for forest-breeding birds. Landscape and Urban Planning 

80:153-164. 

 

Mayer, A. L., and G. N. Cameron. 2003. Consideration of grain and extent in landscape 

studies of terrestrial vertebrate ecology. Landscape and Urban Planning 65:201-

217. 

Mayer, A. L., and G. N. Cameron. 2003. Landscape characteristics, spatial extent, and 

breeding bird diversity in Ohio, USA. Diversity and Distributions 9:297-311. 

 

McCune, B., and J. B. Grace. 2002. Analysis of ecological communities. MjM Software 

Design. 

McDonnell, M. J., and S. T. A. Pickett. 1990. Ecosystem structure and function along 

urban-rural gradients: An unexploited opportunity for ecology. Ecology 71:1232-

1237. 

McDonnell, M. J., and S. T. A. Pickett. 1993. Humans as components of ecosystems: The 

ecology of subtle human effects and populated areas. Springer-Verlag. New York, 

New York, U.S.A. 

McDonnell, M. J., S. T. A. Pickett, P. Groffman, P. Bohlen, and R. V. Pouyat. 1997. 



 

180 

Ecosystem processes along an urban-to-rural gradient. Urban Ecosystems. 1:21. 

McGarigal, K., S. A. Cushman, M. C. Neel, and E. Ene. 2002. FRAGSTATS: spatial 

pattern analysis program for categorical maps. University of Massachusetts, 

Amherst, Massachusetts, U.S.A. 

 

McIntyre, N. E., K. Knowles-Yánez, and D. Hope. 2000. Urban ecology as an 

interdisciplinary field: Differences in the use of “urban” between the social and 

natural sciences. Urban Ecosystems 4:5-24. 

McKinney, M. L. 2002. Urbanization, biodiversity, and conservation. Bioscience 52:883-

890. 

 
McKinney, M. L. 2006. Urbanization as a major cause of biotic homogenization. 

Biological Conservation 127:247-260. 

 
McWilliams, S. R., C. Guglielmo, B. Pierce, and M. Klaassen. 2004.  Flying, fasting, and 

feeding in birds during migration: a nutritional and physiological ecology 

perspective. Journal of Avian Biology 35:377-393. 

Medley, K. E., M. J. McDonnell, and S. T. A. Pickett. 1995. Human influences on forest-

landscape structure along an urban-to-rural gradient. Professional Geographer 

47:159. 

Mehlman, D. W., S. E. Mabey, D. N. Ewert, C. Duncan, B. Abel, D. Cimprich, R. D. 

Sutter, and M. Woodrey. 2005. Conserving stopover sites for forest-dwelling 

migratory landbirds. The Auk 122:1281-1290. 

Melles, S., S. Glenn, and K. Martin. 2003. Urban bird diversity and landscape 

complexity: Species-environment associations along a multiscale habitat gradient. 

Conservation Ecology 7:5. 

Meyer, J. L., M. J. Paul, and W. K. Taulbee. 2001. Stream ecosystem function in 

urbanizing landscapes. Journal of the North American Benthological Society 

24:602-612. 

 

Miller, J. R. 2005. Biodiversity conservation and the extinction of experience. Trends in 

Ecology & Evolution 20:430-434. 

 



 

181 

Miller, J. R., and R. J. Hobbs. 2002. Conservation where people live and work. 

Conservation Biology 16:330-337. 

Miller, J. R., J. A. Wiens, N. T. Hobbs, and D. M. Theobald. 2003. Effects of human 

settlement on bird communities in lowland riparian areas of Colorado (USA). 

Ecological Applications 13:1041-1059. 

 

Mills, G. S., J. B. Dunning Jr, and J. M. Bates. 1989. Effects of urbanization on breeding 

bird community structure in southwestern desert habitats. The Condor 91:416-

428. 

Mills, G. S., J. B. Bunning Jr, and J. M. Bates. 1991. The relationship between breeding 

bird density and vegetation volume. Wilson Bulletin 103:468-479. 

Moore, F. R., S. A. Gauthreaux Jr, P. Kerlinger, and T. R. Simons. 1995. Habitat 

requirements during migration: Important link in conservation. Pg, 121–144 in 

Finch, D. M. and T. E. Martin editors. Ecology and management of Neotropical 

migratory birds. Oxford University Press, New York, New York, U.S.A. 

Moore, F., and P. Kerlinger. 1987. Stopover and fat deposition by North American wood-

warblers (Parulinae) following spring migration over the Gulf of Mexico. 

Oecologia 74:47-54. 

Nagy, L. R., and R. T. Holmes. 2004. Factors influencing fecundity in migratory 

songbirds: Is nest predation the most important? Journal of Avian Biology 

35:487-491. 

Naiman, R. J., and H. Decamps. 1997. The ecology of interfaces: riparian zones. Annual 

Review of Ecology and Systematics 28:621-658. 

 

Naiman, R. J., H. Decamps, and M. Pollock. 1993. The role of riparian corridors in 

maintaining regional biodiversity. Ecological Applications 3:209-212. 

 
Nilon, C. H., and L. W. Vandruff. 1987.  Analysis of small mammal community data and 

applications to management of urban greenspaces. Integrating Man and Nature in 

the Metropolitan Environment:53–59. 

Ohmart, R. D. 1994. The effects of human-induced changes on the avifauna of western 

riparian habitats. Studies in Avian Biology 15:273-285. 

 



 

182 

Omernik, J. M. 1987. Ecoregions of the conterminous United States. Annals of the 

Association of American Geographers 77:118-125. 

 

Ortega, Y. K., K. S. McKelvey, and D. L. Six. 2006. Invasion of an exotic forb impacts 

reproductive success and site fidelity of a migratory songbird. Oecologia 149:340-

351. 

 

Palmer, M., E. Bernhardt, E. Chornesky, S. Collins, A. Dobson, C. Duke, B. Gold, R. 

Jacobson, S. Kingsland, and R. Kranz. 2004. Ecology for a crowded planet. 

Science 304:1251-1252. 

 

Paul, M. J., and J. L. Meyer. 2001. Riverine ecosystems in an urban landscape. Annual 

Review of Ecology and Systematics. 32:333-365. 

Pautasso, M. 2007. Scale dependence of the correlation between human population 

presence and vertebrate and plant species richness. Ecology Letters 10:16-24. 

Pennington, D. N. 2003.  Land use effects on urban riparian bird communities during the 

migratory and breeding season in the greater Cincinnati metropolitan area. M.S. 

thesis, Miami University, Oxford, OH. 

Pennington, D. N., and R. B. Blair. In press. Using gradient analysis to uncover pattern 

and process in urban bird communities. Studies in Avian Biology. 

 

Pennington, D. N., J. Hansel, and R. B. Blair. 2008. The conservation value of urban 

riparian areas for landbirds during spring migration: land cover, scale, and 

vegetation effects. Biological Conservation 141:1235-1248. 

 

Pennington, D. N., J. R. Hansel, and D. L. Gorchov. In review. Surrounding urbanization 

influences the composition and structure of temperate riparian forest communities 

in Cincinnati, Ohio, U.S.A. Biological Conservation. 

 

Peterjohn, B.G., and J.R. Sauer. 1993. North American breeding bird survey annual 

summary 1990-1991. Bird Populations 1:1-15. 

Peterjohn, B.G., Sauer, J.R., and C.S. Robbins. 1995. Population trends from the North 

American Breeding Bird Survey. Pg. 3-39 in D. M. Finch and T. E. Martin 

editors. Ecology and management of Neotropical migratory birds, Oxford 

University Press, New York, New York, U.S.A. 

Petit, D.R. 2000. Habitat use by landbirds along Nearctic-Neotropical migration routes: 

implications for conservation of stopover habitats. Studies in Avian Biology 20: 

15-13. 



 

183 

Pickett, S. T. A., and M. L. Cadenasso. 1995. Landscape ecology - spatial heterogeneity 

in ecological-systems. Science 269:331-334. 

Pickett, S. T. A., and M. L. Cadenasso. 2006. Advancing urban ecological studies: 

Frameworks, concepts, and results from the Baltimore ecosystem study. Austral 

Ecology 31:114-125. 

Pickett, S. T. A., and M. L. Cadenasso. 2008. Linking ecological and built components of 

urban mosaics: an open cycle of ecological design. Journal of Ecology 96:8-12. 

 

Pickett, S. T. A., W. R. Burch, S. E. Dalton, and T.W. Foresman, 1997. Integrated urban 

ecosystem research. Urban Ecosystems 1:183-184. 

Pickett, S. T. A., W. R. Burch, S. E. Dalton, T. W. Foresman, J. M. Grove, and R. 

Rowntree. 1997. A conceptual framework for the study of human ecosystems in 

urban areas. Urban Ecosystems 1:185-199. 

Pickett, S. T. A., M. L. Cadenasso, and J. M. Grove. 2005. Biocomplexity in coupled 

natural–human systems: A multidimensional framework. Ecosystems 8:225-232. 

Pickett, S. T. A., M. L. Cadenasso, J. M. Grove, C. H. Nilon, R. V. Pouyat, W. C. 

Zipperer, and R. Costanza. 2001. Urban ecological systems: Linking terrestrial 

ecological, physical, and socioeconomic components of metropolitan areas. 

Annual Review of Ecology and Systematics 32:127-157. 

Pickett, S. T. A., M. L. Cadenasso, J. M. Grove, P. M. Groffman, L. E. Band, C. G. 

Boone, W. R. Burch Jr, C. S. B. Grimmond, J. Hom, and J. C. Jenkins. 2008. 

Beyond urban legends: an emerging framework of urban ecology, as illustrated by 

the Baltimore ecosystems study. Bioscience 58:139-150. 

 

Porter, E. E., B. R. Forschner, and R. B. Blair. 2001. Woody vegetation and canopy 

fragmentation along a forest-to-urban gradient. Urban Ecosystems 5:131-151. 

 

Pulliam, H. R. 1988. Sources, sinks, and population regulation. The American Naturalist 

132:652-661. 

 

Rahbek, C. 2005. The role of spatial scale and the perception of large-scale species-

richness patterns. Ecology Letters 8:224-239. 

 

Ralph, C. J., S. Droege, and J. R. Sauer. 1995. Managing and monitoring birds using 

point counts: standards and applications. Pages 161-168 in Ralph, C. J., S. 



 

184 

Droege, and J. R. Sauer editors. Monitoring bird populations by point counts. 

United States Forest Service General Technical Report PSW-GTR-149. 

 

Reale, J. A., and R. B. Blair. 2005. Nesting success and life-history attributes of bird 

communities along an urbanization gradient. Urban Habitats 3. 

Redman, C. L., and N. S. Jones. 2005. The environmental, social, and health dimensions 

of urban expansion. Population & Environment 26:505-520. 

Reichard, S.H., Chalker-Scott, L., and S. Buchanan.  2001. Interactions among non- 

native plants and birds. Pg. 179-224.in J.M. Marzluff, J.L. Bowden, and R. 

Donnelly editors. Avian ecology and conservation in an urbanizing world. Kluwer 

Academic Publishers, Boston, Massachusetts, U.S.A. 

Reynolds, R. T., J. M. Scott, and R. A. Nussbaum. 1980. A variable circular-plot method 

for estimating bird numbers. The Condor 82:309-313. 

 

Richardson, D. M., P. M. Holmesl, K. J. Esler, S. M. Galatowitsch, J. C. Stromberg, S. P. 

Kirkman, P. Pysek, and R. J. Hobbs. 2007. Riparian vegetation: degradation, alien 

plant invasions, and restoration prospects. Diversity and Distributions 13:126-

139. 

Robbins, C. S., J. R. Sauer, R. S. Greenberg, and S. Droege. 1989. Population declines in 

North American birds that migrate to the Neotropics. Proceedings of the National 

Academy of Sciences 86:7658-7662. 

 

Rodewald, A. D., and M. H. Bakermans. 2006. What is the appropriate paradigm for 

riparian forest conservation? Biological Conservation 128:193-200. 

 

Rodewald, P. G., and S. N. Matthews. 2005. Landbird use of riparian and upland forest 

stopover habitats in an urban landscape. The Condor 107:259-268. 

Rosenzweig, M. L. 1995. Species diversity in space and time. Cambridge University 

Press. U.S.A.  

Rosenzweig, M. L. 2003. Win-win ecology: how the earth's species can survive in the 

midst of human enterprise. Oxford University Press, U.S.A. 

 

Rottenborn, S. C. 1999. Predicting the impacts of urbanization on riparian bird 

communities. Biological Conservation 88:289-299. 

 

Saab, V. 1999. Importance of spatial scale to habitat use by breeding birds in riparian 

forests: a hierarchical analysis. Ecological Applications 9:135-151. 

 



 

185 

Sallabanks, R., J. R. Walters, and J. A. Collazo. 2000. Breeding bird abundance in 

bottomland hardwood forest: habitat, edge, and patch size effects. The Condor 

102:748-758. 

SAS Institute, 1994. A step-by-step approach to using SAS system. SAS Institute, Cary, 

North Carolina. 

Schieck, J. 1997. Biased detection of bird vocalizations affects comparisons of bird 

abundance among forested habitats. The Condor 99:179-190. 

Schmidt, K. A., and C. J. Whelan. 1999. Effects of exotic Lonicera and Rhamnus on 

songbird nest predation. Conservation Biology 13:1502-1506. 

 

Shochat, E., S. B. Lerman, M. Katti, and D. B. Lewis. 2004. Linking optimal foraging 

behavior to bird community structure in an urban-desert landscape: Field 

experiments with artificial food patches. American Naturalist 164:232-243. 

Shochat, E., P. S. Warren, S. H. Faeth, N. E. McIntyre, and D. Hope. 2006. From patterns 

to emerging processes in mechanistic urban ecology. Trends in Ecology & 

Evolution 21:186-191. 

Siegel, R. B., D. F. Desante, and M. Philip Nott. 2001. Using point counts to establish 

conservation priorities: how many visits are optimal? Journal of Field Ornithology 

72:228-235. 

 

Sillett, T. S., and R. T. Holmes. 2002. Variation in survivorship of a migratory songbird 

throughout its annual cycle. Journal of Animal Ecology 71:296-308. 

 

Sinclair, K. E., G. R. Hess, C. E. Moorman, and J. H. Mason. 2005. Mammalian nest 

predators respond to greenway width, landscape context and habitat structure. 

Landscape and Urban Planning 71:277-293. 

 

Skagen, S. K., C. P. Melcher, W. H. Howe, and F. L. Knopf. 1998. Comparative use of 

riparian corridors and oases by migrating birds in Southeast Arizona. 

Conservation Biology 12:896-909. 

 

Skagen, S.K., Kelly, J.F., van Riper Iii, C., Hutto, R.L., Finch, D.M., Krueper, D.J., and 

C.P. Melcher. 2005. Geography of spring landbird migration through riparian 

habitats in southwestern North America. The Condor 107:212-227. 

Smith, C. M., and D. G. Wachob. 2006. Trends associated with residential development 

in riparian breeding bird habitat along the Snake River in Jackson Hole, WY, 

USA: implications for conservation planning. Biological Conservation 128:431-

446. 

 



 

186 

Smith, R.J., Hamas, M.J., Ewert, D.N., and M.E. Dallman. 2004. Spatial foraging 

differences in American redstarts along the shoreline of northern Lake Huron 

during spring migration. Wilson Bulletin 116:48-55. 

 

Smith, S. B., K. H. McPherson, J. M. Backer, B. J. Pierce, D. W. Podlesak, and S. R. 

McWilliams. 2007. Fruit quality and consumption by songbirds during autumn 

migration. The Wilson Journal of Ornithology 119:419-428. 

Smith, T. A., D. L. Osmond, C. E. Moorman, J. M. Stucky, and J. W. Gilliam. 2008. 

Effect of vegetation management on bird habitat in riparian buffer zones. 

Southeastern Naturalist 7:277-288. 

Sorace, A. 2002. High density of bird and pest species in urban habitats and the role of 

predator abundance. Ornis Fennica 79:60-71. 

Stauffer, D. F., and L. B. Best. 1980. Habitat selection by birds of riparian communities: 

evaluating effects of habitat alterations. Journal of Wildlife Management 44:1-15. 

 

Stevens, L.E., Brown, B.T., Simpson, J.M., and R.R. Johnson. 1977. The importance of 

riparian habitat to migrating birds. Importance, Preservation and Management of 

Riparian Habitat: A Symposium July 9, 1977, Tuscon, Arizona, USDA Forest 

Service General Technical Report RM-43, 156-164. 

Ter Braak, C. J. F., and I. C. Prentice. 1988. A theory of gradient analysis. Advances in 

Ecological Research 18:271-317. 

Theobald, D. M. 2004. Placing exurban land-use change in a human modification 

framework. Frontiers in Ecology and the Environment 2:139-144. 

Thorington, K. K., and R. Bowman. 2003. Predation rate on artificial nests increases with 

human housing density in suburban habitats. Ecography 26:188-196. 

Turner, W. R., T. Nakamura, and M. Dinetti. 2004. Global urbanization and the 

separation of humans from nature. BioScience 54:585-590. 

U. S. Bureau. 2000. Profiles and general demographic characteristics: 2000 census of 

population and housing, Ohio. 

 

UNPD. 2003. United Nation's Population Division, World Population Prospects: The 

2002 Revision. United Nations. New York, New York, U.S.A. 



 

187 

 

UNPD. 2004. State of World population, 2004. The Cairo consensus at ten: population, 

reproductive health and the global effort to end poverty. New York, New York, 

U.S.A. 

 

UNPF. 2007. State of world population 2007: unleashing the potential of urban growth. 

United Nations Population Fund. New York, New York, U.S.A. 

 

Vitousek, P. M., H. A. Mooney, J. Lubchenco, and J. M. Melillo. 1997. Human 

domination of earth's ecosystems. Science 277:494. 

 

Vogelmann, J. E., S. M. Howard, L. Yang, C. R. Larson, B. K. Wylie, and N. van Driel. 

2001. Completion of the 1990s National Land Cover Data Set for the 

conterminous United States from Landsat Thematic Mapper data and ancillary 

data sources. Photogrammetric Engineering and Remote Sensing 67:650–662. 

 

Von Thünen, J. H. 1826. Von Thünen’s Isolated State: An English Edition of “Der 

Isolierte Stata”(trans. CM Wartenberg; ed. P. Hall). Pergamon, New York, New 

York, U.S.A. 

 

Weisbrod, A.R., Burnett, C.J., Turner, J.G., and D.W. Warner. 1993. Migrating birds at a 

stopover site in the Saint Croix River Valley. Wilson Bulletin 105:265-284. 

 

Whittaker, R. H. 1967. Gradient analysis of vegetation. Biological  Review of the 

Cambridge Philosophical Society 42:207-264. 

 

Wiens, J. A. 1989. Spatial scaling in ecology. Functional Ecology 3:385-397. 

Wiens, J. A. 1989. The ecology of bird communities. 2. Processes and variations. 

Cambridge University Press, New York, New York, U.S.A. 

 

Wilcove, D. S., D. Rothstein, J. Dubow, A. Phillips, and E. Losos. 1998. Quantifying 

threats to imperiled species in the United States. Bioscience 48:607-615. 

 

Winker, K., Warner, D.W., and A.R. Weisbrod. 1992. Migration of woodland birds at a 

fragmented inland stopover site. Wilson Bulletin 104:580-598. 

Wu, J. and O. L. Loucks. 1995. From balance of nature to hierarchical patch dynamics: A 

paradigm shift in ecology. The Quarterly Review of Biology 70:439-466. 

 

Yong, W., Finch, D.M., Moore, F.R., and J.F. Kelly. 1998. Stopover ecology and habitat 

use of migratory Wilson's warblers. Auk 115:829-842. 

 


