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Figure 2.17: Tokyo subway lines and some major rail lines (Source: JohoMaps 
2006). 

2.4.6.2.6 Landscape Ecological Planning Application of Connectivity across Scales 

Connectivity can be strengthened by cross-scale integration and connection. 

Examples of the application of the concept of connectivity at multiple scales to landscape 

ecological planning are a conceptual framework for greenspace planning in Beijing 

Province, China (Li et al. 2005a), a greenspace plan for Nanjing, China (Jim and Chen 
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2003), and a sustainable regional plan for the Greater Vancouver region, Canada (Condon 

and Teed 2006). 

For example, the greenspace plan of Beijing Province, China, applies the concept 

of connectivity across scales by connecting parks, farmlands, and forests at the 

neighborhood, city, and regional scale (Li et al. 2005a). The proposed plan includes 

ecological buffer belts at the regional scale, and green “wedges”—composed of parks, 

gardens, forest patches, farmlands, rivers and wetlands—and corridors at the city and 

neighborhood scale to control urban expansion and provide ecological services. 

Connectivity is the unifying theme at the three scales. For example, at the neighborhood 

scale, Li et al. (2005a) recommend that new parks developed be integrated into green 

wedges and corridors. Green wedges and corridors interact with the regional buffer belt 

and the large forest area to the west, and with urban parks. Patches and corridors can be 

linked in a network to provide connectivity among different ecosystems (Wu and Hobbs 

2002). 

The focus of the greenspace plan for the highly urbanized region of China is 

developing physical connectedness of parks, farmlands, and forests at the neighborhood, 

city, and regional scale. To create connectivity, Li et al. (2005a) also recommend using 

natural greenways such as rivers and canals; roads could be turned into greenways by 

incorporating roadside trees and street trees. As the authors acknowledge, the greenspace 

plan presented is conceptual and not elaborated in detail. There is no mentioning of 

specific target ecological processes for which connectivity is created except for recreation 

and controlling urban expansion; this is perhaps the biggest weakness of the plan. 
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A greenspace plan for Nanjing in China—another high-density city but more 

compact than Beijing—addresses the development of an integrated greenspace network 

also at three hierarchical scales (i.e., neighborhood, city, and the metropolitan region) 

(Figure 2.18, Jim and Chen 2003). The proposed comprehensive greenspace framework 

is intended to provide multiple functions such as guiding urban expansion, green field 

acquisition, recreation, wildlife habitats, and environmental benefits. It consists of green 

wedges, greenways and green extensions that incorporate urban green areas at the 

metropolitan, city, and neighborhood scale, respectively. The plan, although still at a 

conceptual level, has more detailed locations where these concepts will be applied and is 

more explicit in multifunctional aspects than that of Beijing Province (Li et al. 2005a). 

Although Jim and Chen (2003) did not particularly emphasize developing connectivity in 

the proposed plan, the result (Figure 2.18) is a clear example of the application of cross-

scale connectivity. Both studies contribute to few existing studies on the application of 

landscape ecological planning to the high-density urban environment (Jim 2002). 
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Figure 2.18: Hierarchical depiction of a proposed greenspace system including three 
parks and six green corridors, making use of pervasive historical canals: (A) 

location of the target area; (B) layout of the six green corridors (labeled 1–6); (C) 
landscape design and recommended tree species for the green corridors (Source: 

Figure 10 in Jim and Chen 2003). 
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Although not cross-scale connectivity, the sustainable vision plan of the Greater 

Vancouver region, Canada, employs a replication concept: “The site is to the region what 

the cell is to the body” (Condon and Teed 2006). The project’s operating principle is that 

to achieve a regional sustainability, neighborhood sustainability must be achieved, for the 

region is composed of the collection of neighborhoods. In the plan, connectivity is 

conceived as providing access to natural areas and parks, mixed use corridors accessible 

to all (i.e., high density commercial and residential corridors along transit routes), jobs 

close to home, interconnected street systems linking residents with the services they need 

within a five-minute walking distance, and the transformation of infrastructure networks 

into green and grey grids, with streets that provide natural drainage, riparian habitat, 

trails, and bikeways (providing multiple functions other than its original usage). All these 

support the principles of sustainability and explicitly relate to connectivity. 

2.4.6.2.7 Conclusion 

Achieving connectivity is critical for developing sustainable landscapes. By 

providing, protecting, maintaining, and restoring connectivity, critical ecological 

processes that require connectivity such as the flow of nutrients, water, and organisms 

can be maintained and protected. With the healthy natural resources base, human 

economic, social, and cultural activities—and these activities, too, require the 

connectivity of roads, rivers, and the Internet, for example—can flourish. The main goal 

of some U.S. greenways is to provide recreational opportunities for residents. Frequent 

contact with nature has shown to enhance the well-being of urban residents (Matsuoka 

and Kaplan 2008) and is also a key to fostering environmental stewardship—a sense of 

belonging to the larger community of the earth and everything that depends on it, and the 
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need to take care of the plants, animals, and natural resources that are part of this 

community (i.e., the land ethic). The President’s Commission Report (1987) supports 

providing access to nearby nature where people live and work. The physical connection 

supports the human need and preference for nearby nature and recreation (Kaplan et al. 

1998). I have shown that certain recreational goals can be compatible with nature and 

biodiversity protection; greenways, ecological networks, and green infrastructure can 

achieve these multiple goals. 

Connectivity is key to many important ecological functions and human socio-

economic and cultural activities. The relationship between structural and functional 

connectivity is important in landscape planning because landscape planning manipulates 

structural connectivity for the purpose of protecting, creating, and restoring functional 

connectivity. Addressing and developing hierarchical connectivity at multiple scales 

(e.g., neighborhood, city, and region) is an important issue for biodiversity conservation 

planning because biodiversity operates at multiple scales. Using the three examples of 

landscape ecological plans, I have shown how this concept of connectivity across scales 

could be realized in a landscape for ecological and socio-cultural functions. Connectivity 

is an important concept in landscape ecology and landscape ecological planning can help 

achieve it toward developing sustainable landscapes. 

2.4.6.3 Multifunctional Landscapes 

A multifunctional landscape is a landscape that can support multiple planning and 

design objectives and values, and encompasses the concept of multiple land use, 

especially at a broad scale. A multifunctional landscape can be understood as a 

proposition that the same spatial configuration of land uses can achieve multiple 
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functions or planning objectives, and the concept has been applied to greenway planning 

and ecological infrastructure (Fábos and Ahern 1996, Fábos and Ryan 2004, 2006, 

Benedict and McMahon 2006). An example of a multifunctional agricultural landscape 

may be a landscape that integrates fine-grained features such as hedgerows, patches of 

forest, and small wetlands into agricultural fields planted with mixed crops, which can 

provide multiple functions such as food production, wildlife habitat, biological pest 

control, water retention, etc. This fine-grained agricultural landscape is contrasted with a 

monoculture with a huge expanse of only one crop planted. 

The spatial and temporal scale matters when discussing multifunctional 

landscapes. When a broad area (e.g., several kilometers) is considered, even if one land 

use type is assumed to provide only one function, if the area accommodates multiple land 

use types such as urban, open space, industrial, and commercial land use, multiple 

functions are provided, and therefore, it is considered to be a multifunctional landscape. 

In this case, the real issue which affects the functions provided is the composition and 

spatial configuration of land uses—the main focus of my research at a broad spatial scale. 

When a fine scale is considered, for example, fine-grained features in one land use area, 

the integration of these features may allow multiple functions. This is the example of the 

agricultural field above with many small features such as hedgerows, mixed crops, 

remnant wetlands, etc. The temporal scale matters when a land use changes over time or 

different uses are provided in different temporal phases in a fixed spatial extent. Thus, 

when the land uses in a fixed area are considered, over time, the area has a possibility to 

provide multiple functions even if one land use is assumed to provide only one function 

(this is the coarse-scale view). 
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The key to developing multifunctional landscapes are strategies and design and 

management schemes that would allow the co-existence of competing objectives or uses, 

for it is less problematic to accommodate compatible uses. The types of land-use conflicts 

concern temporal, spatial, and use aspects (Kato and Ahern 2009). Deciding on the 

strategies/schemes to address these conflicts depends on whether or not space is limited, 

the nature of conflicts, and the application scale (Table 2.1). The scale at which the 

strategies are applied is either a site (fine) or a broad, landscape scale. The site-scale 

strategies attempt to increase multifunctionality and deal with conflicts at a site or project 

scale. For example, highway overpasses can be constructed to mitigate the conflict 

between wildlife crossing and vehicular traffic. On the other hand, the broad-scale 

strategies address the entire landscape mosaic. They deal with land uses at a broad, 

landscape scale—for example, how to best locate a mix of competing and compatible 

uses across a landscape to increase multifunctionality. Various spatial concepts (e.g., 

greenways, the ecological network, the neighborhood mosaic concept, and the Casco 

concept) are included in this category. For example, greenways can support multiple uses 

within a connected network of linear protected areas (Ahern 2002, Erickson 2004, Fábos 

and Ryan 2006). While greenways and the ecological network (Opdam et al. 2006) cover 

only a portion of a landscape, the Casco concept (Kerkstra and Vrijilandt 1990, van 

Buuren and Kerkstra 1993) addresses the dynamic of the entire landscape. The concept 

recognizes that generally speaking, there are two types of change: one that changes 

quickly and the other that need stability or protection from change in order for certain 

ecological processes to function (for example, groundwater movement and storage). 

“Low dynamic” areas provide stable structure that does not change for decades and 
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centuries. “High dynamic” areas undergo rapid changes or allow faster changes (urban 

development, intensive agriculture, active recreational uses) and thus, they require 

flexible structures that can adapt to the changes. In the context of changing landscapes 

(where change, whether human induced or natural cause, is the norm and cyclic), the 

Casco concept is significant in that it acknowledges and allows for these changes to take 

place in a durable framework. 

Land use adjacencies are site-specific issues but their interactions shaped by the 

spatial configuration of land uses affect the functioning of the entire landscape. 

Therefore, the planning strategies to deal with adjacencies such as the neighborhood 

mosaic concept (Hersperger 2006) and ecological land-use complementation (ELC) 

(Colding 2007) affect the entire landscape. This is an example of how planning can 

influence the processes (e.g., ecological flows, traffic flow, species migration, seed 

dispersal, or nitrogen flow) through the spatial configuration of land uses. Site-specific 

strategies, such as creating a buffer zone and a physical barrier between conflicting uses, 

to deal with negative adjacencies—negative externalities (nuisances) such as noise and 

pollution—could be applied to the entire landscape. ELC concerns a larger structural 

issue, clustering different types of green spaces as compared to being isolated in the 

urban matrix (Colding 2007). ELC can be conceived as a way to create positive 

adjacencies (synergy) to support “emergent” ecological processes and greater 

biodiversity. These concepts/strategies dealing with the spatial configuration of landscape 

elements (e.g., land uses, habitat patches, ecosystems) at a broad scale are important for 

achieving regional planning goals such as increasing biodiversity and maintaining and 

enhancing ecosystem services. 
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Multifunctional landscapes can serve sustainable landscapes in the following 

ways. First, multifunctional landscapes allow the co-existence of not only compatible 

uses but also competing uses by the various strategies proposed (Table 2.1) and can 

produce advantages of synergy (Priemus et al. 2004). Second, multifunctional landscapes 

can (1) meet people’s various demands such as recreation, industrial production, 

agricultural production, clean water, nature conservation, and housing, and (2) contribute 

to improve the quality of life (Brandt and Vejre 2004, Mander et al. 2007). This, in turn, 

helps develop wide constituency for these functions and a long-term support for the 

landscape structure that provides these functions (Ahern 1995, 2002, 2004, Rodenburg 

and Nijkamp 2004, Imam 2006, Tan 2006). Third, multifunctional landscapes can 

provide these functions efficiently: they can make an efficient use of time, space, and 

ABC resources by the strategies provided (Table 2.1)—this characteristic is particularly 

useful in urban and suburban areas, where the competition for the resources is high. For 

example, when ABC resources existing in a corridor form are connected by greenways, 

they can be conserved and utilized in a spatially-efficient manner (Ahern 2004). Fourth, 

the functions multifunctional landscapes provide are closely related to ecosystem services 

(i.e., goods and services people receive from healthy ecosystems) (Brandt and Vejre 

2004). Sustaining ecological processes (e.g., the flow of water, nutrients, organisms) 

across a landscape and sustaining the provision of ecosystem services into the future is 

arguably one of the goals of sustainable landscape planning. In the landscape planning 

context, creating a landscape that can achieve this goal contributes to the development of 

sustainable landscapes. Therefore, it can be argued that creating multifunctional 

landscapes can help create sustainable landscapes. 
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In terms of the allocation of land uses across a landscape, explicit integration of 

human, socio-economic aspects remains to be a challenge in the evaluation of different 

options of allocating land use. It can be argued that a good spatial configuration of land 

uses is one that would optimize but not necessarily maximize certain planning objectives. 

Crossman and Bryan’s (2009) cost-benefit approach and multi-criteria selection method 

(e.g., Podmaniczky et al. 2007, van der Heide et al. 2007) would aid in the decision but 

more research is needed in developing and testing a more integrated method (e.g., 

Staljanssens et al. 2003) of deciding the amount and spatial configuration of land uses 

across a broad landscape. To study multifunctional landscapes, inter- and 

transdisciplinary approaches to landscape research are required, bridging human and 

natural sciences (Tress et al. 2001, Boeckmann et al. 2003, Pickett et al. 2004). In the 

urbanizing world, multifunctionality of a landscape is a key concept to be considered in 

sustainable landscape planning and design. 

2.4.6.4 Synthesis 

An original landscape ecological planning framework will take an adaptive 

approach to planning, address connectivity in landscape ecological planning, and address 

how to develop multifunctional landscapes. Adaptive planning can provide a means to 

address various uncertainties involved in every step of a planning process, and planning 

itself needs to address a “moving target.” Planners will never have complete information 

on a site-specific plan/project and the circumstances (the political/cultural setting where 

the decisions are made and the landscape itself keeps changing) surrounding the project 

will change while waiting for empirical data to accumulate, yet there is an imperative for 

planners to act. Under an adaptive approach to planning, various uncertainties (e.g., 
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determining appropriate systems or populations of study, spatial-temporal scales, and 

geographic extent) can become part of adaptive hypotheses (Kato and Ahern 2008). 

Planning and management decisions can be re-conceived as experiments and can be 

implemented as adaptive plans (Ahern 2004). The results should be monitored before, 

during, and after the implementation, with monitoring results being fed back to adapt 

existing planning designs and even goals and objectives (Kato and Ahern 2008). Planners 

can minimize uncertainty through a monitoring program which is itself adaptive in 

nature, allowing them to understand the consequence of planning actions over time. 

However, questions remain as to what key indicators to be monitored, for how long 

(Ahern 2002). Planners need a planning framework that can integrate the lessons learned 

to the existing planning goals/objectives and therefore plans themselves (the concept of 

“learning by doing”) and that can facilitate the continuous generation of new knowledge 

in a truly transdisciplinary mode, addressing abiotic, biotic, and cultural resources in a 

holistic, integrated way. 

The inherent benefits of connectivity can be achieved by landscape ecological 

planning such as greenways, ecological networks, and green infrastructure. They can 

provide, restore, and protect connectivity, thereby protecting the functions of important 

natural and cultural resources. Connectivity supports various ecological and cultural 

processes, promoting a sustainable landscape condition (Ahern 2002). 

Connectivity can be strengthened by achieving connectivity at multiple scales. 

The nature provides great examples of connectivity across scales: for example, leaf veins, 

a river system, and human blood vessels. These enable efficient and comprehensive 
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coverage: large conduits for a coarse coverage but for a large area; fine conduits for a fine 

coverage but for a small area. 

The idea of “collateral” uses is important for creating multifunctional landscapes. 

Collateral uses are the other functions/uses that are compatible (or made compatible by 

the strategies) with the primary objective of the plan and that can be reasonably supported 

by the same spatial configuration of land uses. The key to developing multifunctional 

landscapes is to accommodate collateral uses along with the target use/function of a plan. 

The benefits of multifunctional landscapes are (1) to gain spatial and economic efficiency 

and (2) to promote long-term cultural and political support (Ahern 2004). These attributes 

are also arguably necessary to develop sustainable landscapes. 

Because sustainable landscapes encompass multiple dimensions (broadly, “the 

three Es”: environment, economy, and equity [Campbell 1996]), a landscape that can 

serve for multiple purposes and values is a key to developing sustainable landscapes. In 

other words, multifunctionality is a way for a sustainable landscape to address all three 

dimensions (Ahern 2002). A sustainable landscape must be able to function multi-

dimensionally, not for single purpose but a sustainable landscape must be able to 

accommodate multiple purposes and functions. Therefore, I argue that a landscape that 

can accommodate multiple functions/uses is more sustainable than a landscape that 

serves for single purpose although this kind of landscape is also necessary and may be 

appropriate for certain areas due to the intrinsic suitability of the land and some 

management restrictions/requirement. 

My main argument is that because the integrating themes (i.e., adaptive planning, 

connectivity in landscape ecological planning, multifunctional landscapes) would help 
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enhance/support critical ecological functions (e.g., animal movement and water and 

nutrient cycling) and social functions (e.g., recreation, aesthetics, and environmental 

education), weaving these themes into the development of a landscape planning 

framework would help develop sustainable landscapes. My goal is to develop an original 

landscape ecological planning framework which arguably can be used to develop 

sustainable landscapes because it can appropriately address the issues that constitute the 

core of sustainable landscapes from an environmental (ecological) perspective. 

Acknowledging the importance of the other two Es (economy and equity) and the need to 

simultaneously address all three Es to achieve a truly sustainable landscape, some 

researchers (e.g., Leitão 2001, Opdam et al. 2006) argue, and I concur, that the ecological 

(abiotic and biotic) component of sustainability forms the basis for addressing the other 

two dimensions (i.e., economy and equity) of sustainability. 
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Table 2.1: Types of conflicts, the strategies and examples to address the conflicts, 
and the spatial scale of their application. 

 
Types of Conflicts Site Scale Landscape Scale 

Use 
Con-
flicts 
  
  
  
  
  
  
  
  
  
  

Time Conflicts 
  
  

Park use: movement 
mode Casco/Framework concept 

Highway overpasses/ 
underpasses 

Sequential phasing of an urban park 
development 

Space 
Conflicts 
  
  
  
  
  
  
  
  

Space 
Limited 
  
  
  

Stacking (e.g., mixed 
use), or 
Vertical separation of 
uses 

By definition, NA 
  
  
  

Create a buffer zone 
or a physical barrier 
between conflicting 
uses 

Space 
Not 
Limited 
  
  
  
  

By definition, NA 
  
  
  
  

Spatial shifting for single intensive use 
Spatial separation of uses (e.g., 
create multiple zones for different land 
uses, zoning) 
Spatial concepts (e.g., greenways, 
ecological network, neighborhood 
mosaic) 
Ecological land-use complementation 
(ELC) 
Casco/Framework concept 

 



 

 176 

CHAPTER 3 
 
ROUTE-LEVEL, MULTI-SCALE ANALYSIS OF FOREST BIRD ABUNDANCE-

HABITAT RELATIONSHIPS IN URBAN REGIONS ACROSS THE EASTERN 

UNITED STATES 

3.1 Introduction 

Declining biodiversity is a global concern (MA 2005, UNEP 2007) and it is 

attributed primarily to habitat loss, degradation, and fragmentation (Noss 1991, Tilman et 

al. 1994, Fahrig 1997, Peck 1998, Wilcove et al. 1998, Pullin 2002, Groom et al. 2006). 

Forest habitats in the suburbs are threatened by suburban sprawl and conversion to 

agricultural lands, which reduces forest-dependent flora and fauna, and degrades 

ecosystem processes and services that a healthy forest ecosystem can provide, such as 

water and air purification, soil erosion prevention, and carbon sequestration (Forman and 

Godron 1986, Rosenberg et al.1999, Marzluff 2001, Fernández-Juricic 2004). I have 

chosen forest birds as the focal species, species that are arguably critical to maintaining 

ecologically healthy conditions (Benedict and McMahon 2006). Birds have been used as 

the indicators of changes in habitat amount, spatial configuration (e.g., connectivity), and 

quality (Whitcomb et al. 1981, Morrison 1986, Bolger et al. 1997, Rosenberg et al. 1999, 

Mörtberg and Wallentinus 2000, Fernández-Juricic 2004, Hashimoto et al. 2005, 

Sandström et al. 2006). Researchers have associated the distribution and abundance of 

birds with habitat variables (e.g., habitat composition, configuration, and quality) to 

create potential habitat maps of the species targeted for conservation and to determine the 

habitat factors that are important for the conservation of the bird species of interest 

(Whitcomb et al. 1981, Morrison 1986, Bolger et al. 1997). Forest birds, in particular, 
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have been used as a response variable to measure the effect of habitat fragmentation in 

general due to urbanization and the conversion of forests to agricultural lands (e.g., 

Rosenberg et al. 1999, Mörtberg and Wallentinus 2000, Fernández-Juricic 2004, 

Hashimoto et al. 2005, Sandström et al. 2006). These studies used forest bird species 

richness (i.e., the number of species) and/or the presence/absence of individual species as 

the indicator of the quality of urban green spaces (e.g., the composition of vegetation, the 

size and configuration of urban parks), or as the response variable to values of the 

composition and configuration of forest patches. 

Some studies focused on the spatial configuration of forest patches. For example, 

Rosenberg et al. (1999) used Tanagers (Piranga spp.) and Fernández-Juricic (2004) used 

forest passerines as the indicator of forest fragmentation in general based on these birds’ 

life history characteristics. Because forest-interior birds (and some ground-nesting 

species) are threatened by fragmentation (Marzluff 2001)—for example, susceptible to 

increased nest predation and brood parasitism by Brown-headed Cowbirds (Molothrus 

ater) (Robinson 1992), their abundance and occurrence can be used as the indicator of 

forest loss and fragmentation (Rosenberg et al. 1999, Mörtberg and Wallentinus 2000, 

Fernández-Juricic 2004, Hashimoto et al. 2005, Sandström et al. 2006). 

There are relatively few bird-habitat relationship studies in urban areas (e.g., 

Mörtberg and Wallentinus 2000, Fernández-Juricic 2004, Hashimoto, et al. 2005, 

Sandström et al. 2006) and/or at a broad spatial scale such as a regional (landscape) scale 

(e.g., Whitcomb et al. 1981, Askins et al. 1987, Flather and Sauer 1996, Bolger et al., 

1997, Boulinier et al. 2001, Donovan and Flather 2002, Vance et al. 2003, Pidgeon et al. 

2007), as compared to bird-habitat studies at the patch scale. Urban studies are few 
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because traditionally ecologists worked in pristine environments away from human 

settlements (Collins et al. 2000). Regional scale studies are few because of various 

limitations such as time, budget, and personnel. Urban regions, or metropolitan areas, are 

where most people live in the United States (U.S.) (Hobbs et al. 2002) and often coincide 

with the areas of high biodiversity conservation priority (Groves et al. 2000, Balmford et 

al. 2001, Araújo 2003). The urban regional scale investigation is arguably necessary to 

develop a conservation plan that covers a broad area where the persistence of regional 

populations of birds can be ensured because: (1) some bird species (e.g., predatory 

species) require a large territory or a home range (Keitt et al. 1997, Thompson and 

McGarigal 2002); (2) some birds display metapopulation dynamics in an increasingly 

fragmented landscape (Opdam 1991, Opdam et al. 1995); (3) some birds, such as forest 

birds, have a long dispersal range and neotropical migration (Friesen et al. 1995, 

Robinson et al. 1995, Donovan and Flather 2002); and (4) opportunities exist to develop 

“smartly,” lessening the impact of land use on biodiversity, mitigating the loss, and even 

creating new habitat. Therefore, more research is needed to investigate the bird-habitat 

relationship at the scale of a large urban/metropolitan region as a whole or even across 

multiple urban regions. Using forest-interior bird species as the indicator of broader 

biodiversity, an urban regional-scale study of the bird-habitat relationship would 

contribute to developing a regional goal for biodiversity conservation and advance 

landscape ecological planning that would support biodiversity in a broader 

urban/metropolitan region. 

When considering the effects of habitat loss and fragmentation on the abundance 

and occurrence of forest birds in large urban regions, the critical threshold of habitat 
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connectivity (With and Crist 1995, Wiens et al. 1997, Turner et al. 2001) is an important 

concept that affects the dispersal/movement of forest birds and therefore the persistence 

of regional forest bird populations as potential metapopulations (Opdam et al. 1995). The 

critical threshold of habitat connectivity is the amount (percentage) of habitat in a 

landscape below which the habitat becomes functionally disconnected for an organism 

moving across the landscape (With and Crist 1995, Fahrig 2001, Turner et al. 2001). “In 

landscape ecology, substantial theoretical progress has been made in understanding how 

critical threshold levels of habitat loss may result in sudden changes in landscape 

connectivity to animal movement. Empirical evidence for such thresholds in real systems, 

however, remains scarce” (Olden 2007). Although abrupt changes (i.e., thresholds) have 

been precisely defined in simulated landscapes (e.g., Gardner et al. 1987, With and King 

1997, With et al. 1997, Fahrig 2001), such changes in the structure of real landscapes are 

not well understood. Thus, the threshold concept is an important theory to be examined in 

the landscape ecological data analysis, and in the context of forest birds, specifically. 

Simulation models predict sudden changes in species occupancy and population 

persistence at the critical threshold of landscape connectivity (Gardner et al. 1987, With 

and Crist 1995, Fahrig 2001). This research adds to few existing empirical studies 

(Andrén 1994, Wiens et al. 1997, McIntyre and Wiens 1999) that tested the predictions of 

simulation studies by comparing multiple urban regions with different percentages of tree 

cover and connectivity with respect to forest bird abundance. By studying the landscape 

surrounding the bird survey routes in urban regions across the eastern U.S., the study 

expects to be able to cover a wide gradient of forest amount and spatial configuration. 

The study also provides a good opportunity for testing an interesting finding of earlier 
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simulation and empirical studies that found a stronger influence of forest spatial 

configuration on the abundance and occurrence of forest birds when the amount of forest 

in the landscape is low (Cooper and Walters 2002, Flather and Bevers 2002, Betts et al. 

2006b). 

The main study question is: What is the relationship between forest bird 

abundance and the surrounding landscape characteristics, especially, forest area and its 

spatial configuration? The relationship will be investigated at multiple spatial scales 

because we often do not know a priori at what spatial scale the birds are responding to 

landscape structure characteristics (Wiens 1989, Hostetler 2001, Thompson and 

McGarigal 2002), in particular, the amount and spatial configuration of forest. The multi-

scale analysis will be conducted by creating varying buffer distances to demarcate a 

“landscape” or a study corridor around bird survey routes (see 3.2.4.4). 

Other study questions include: 

• Do the selected birds exhibit a threshold response to the percentage of forest 

cover in a landscape? If so, what is the threshold percentage? 

• Do important forest composition and spatial configuration factors vary when 

measured at different spatial scales?  

• What land cover type including forest cover is the best predictor of the forest bird 

abundance? 

• What would be a reasonable urban forest cover goal to support the selected forest 

birds in urban regions across the eastern U.S.? 


