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ABSTRACT OF THE THESIS 

 

The Relationship Between Urban Built Form and Urban Biodiversity: An exploration of the 

influence of urban built form attributes on avian biodiversity in urban green spaces 

 

by 

 

Morgan Rogers 

 

Master of Urban and Regional Planning 

University of California, Los Angeles, 2021 

Professor V. Kelly Turner, Chair 

 

Urban biodiversity plays an important role in ecological processes and ecosystem 

services within cities, making conservation a priority in many municipal sustainability plans. 

Urban green spaces (UGS) have been a key strategy for conservation by providing habitat for 

wildlife, including bird communities. While the ecological attributes necessary to enhance the 

habitability of UGS for bird communities are relatively well known, an understanding of how 

variation of surrounding urban built form influences avian richness outcomes in these spaces is 

less understood. As new urban areas continue to develop and UGS become increasingly 

important habitat areas, urban designers and planners will need a better understanding of the 

ways in which urban built form patterns influence avian biodiversity outcomes in UGS. To that 

end, this study investigates this relationship using high resolution land cover data, building 

LiDAR data, and twenty years of bird occurrence data from the eBird community science 
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program in well-surveyed UGS in Los Angeles, California. Results confirm previous findings that 

an increase in UGS size is associated with more avian richness. Interestingly, both multivariate 

regression models, urban form metrics and site-level metrics, performed well in predicting avian 

richness. Moreover, an increase in the following urban built form metrics, Aggregation Index and 

Landscape Shape Index, were associated with higher levels of richness, suggesting that more 

compact and complex shape building patterns support better avian richness outcomes in UGS. 

These findings contribute to a more complete understanding of how urban built form patterns 

influence avian biodiversity outcomes and inform urban planning and design of new urban areas 

aiming to maximize ecological potential for avian biodiversity conservation. 
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I. Introduction 

By 2100, the impact of land use change globally on biodiversity may be more significant 

than climate change as urban land is projected to triple between 2000 and 2030 (Haines-Young, 

2009; McDonald et al., 2020). Conversion of previously undeveloped land to urban land uses 

causes biodiversity loss via fragmentation or loss of habitat at both local and regional scales (M. 

F. J. Aronson et al., 2014; Grimm et al., 2008a).  Despite these negative impacts, urban centers 

in some cases support more species than natural reference systems, including endangered and 

threatened species (M. F. J. Aronson et al., 2014; Grimm et al., 2008b; Ikin et al., 2013; Ives et 

al., 2016). This not only makes urban areas important for biodiversity conservation, but 

demonstrates that urban form is not homogenous and that biodiversity loss from urbanization is 

not inevitable.  

The pattern and form of new urban areas will have profound impacts on habitats around 

the world, but increased knowledge on the ways in which urban built form can support 

biodiversity will help shape more positive outcomes. Urban green spaces (UGS) have played a 

critical role in serving as habitat in urban areas and in creating landscape connectivity to natural 

reference systems (Amaya-Espinel et al., 2019; Beninde et al., 2015; Hostetler & Holling, 2000; 

La Sorte et al., 2020). The role of urban built form and how variation in its patterns may 

differentially impact avian communities in UGS at the intra-urban scale, however, is relatively 

unknown, posing a challenge for urban design and planning practitioners seeking to conserve 

avian communities.  

This black box in urban design and planning is in part due to the complex interaction and 

feedbacks between social and ecological components of urban systems, making it challenging 

to disentangle the intricate relationship between urban form and avian biodiversity (Grimm et al., 

2013; von der Lippe et al., 2020). How the form and pattern of cities modify urban avian 

biodiversity patterns is key to informing conservation efforts in cities. Urban design intervenes in 
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different urban systems by structuring and shaping urban space through built form; therefore, 

urban designers seeking to conserve urban avian biodiversity need a greater understanding of 

how urban built form influences avian biodiversity. This study seeks to address this gap by 

contributing a more complete understanding of how urban built form influences avian 

biodiversity outcomes in UGS which are important habitat areas in cities.  

Avian species are useful and critical to study for two reasons: there are more of them 

where there is an increase presence of vegetation and other taxonomic groups of diversity, 

making them an applicable indicator for biodiversity, and they allow for an understanding of 

large ecosystem health as they are particular sensitive to environmental changes and are more 

able to move across landscapes compared to other taxa (Alvarez et al., 2015; Blair, 1999; Kati 

et al., 2004; Mikusiński et al., 2001). UGS serve as critical habitat for avian communities in 

cities, providing space for breeding, shelter, and food (Amaya-Espinel et al., 2019; Ikin et al., 

2013). A wealth of studies analyzing intra-urban biodiversity variation, including avian 

biodiversity, have generally found that increases in patch area and corridors that create 

landscape connectivity to natural reference systems have the most positive relationships with 

biodiversity in cities, followed by vegetation structure (Beninde et al., 2015). A recent study of 

avian species richness in New York’s UGS confirmed that UGS size has the most significant 

impact on avian richness outcomes (La Sorte et al., 2020). Another study looking at both avian 

richness and abundance in UGS in Santiago, Chile, specifically the impacts of urban density, 

found that increased density negatively influenced bird community outcomes in UGS (Amaya-

Espinel et al., 2019). Taken together, these findings suggest that UGS cannot be seen as a 

panacea, and considering  surrounding urban form is critical to ensuring urban avian biodiversity 

conservation. 

Analysis of urban form configuration has largely been measured in two-dimensional (2D) 

space due to challenges of data acquisition and storage (Wentz et al., 2018). New methods for 

quantifying three-dimensional (3D) urban form have been developed to examine both the 
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dimensionality and spatial pattern of urban patterns.  Urban ecosystem scholars suggest that 

configuration, both two and three dimensional space, are necessary to characterize urban form, 

otherwise the assumption is that cities exist on a homogenous flat plane (Wentz et al., 2018). 

Researchers from the Academy of Sciences in Shenyang, China, have developed a method for 

calculating landscape metrics for 3D urban built form pattern recognition, which they tested on 

seven cities in China with 87 percent classification accuracy, proving it possible to capture both 

2D and 3D urban form and accurately characterize cities through these metrics (M. Liu et al., 

2017). Additionally, researchers have demonstrated that quantifying urban form both from a 2D 

and 3D perspective has implications on urban flight corridors for migratory birds as well as 

acoustic transmission, which can impact ability to communicate, altering avian behaviour (Z. Liu 

et al., 2020; Warren et al., 2006). Arguably, capturing both 2D and 3D measures of urban built 

form surrounding UGS will provide greater insight into the influence of urban built form patterns 

on bird community outcomes in UGS.  

This study investigates the influence of urban built form on bird communities in UGS 

using both 2D and 3D measures of urban form configuration, while controlling for variables that 

are typical drivers of avian biodiversity: size of UGS, vegetation structure, and landscape 

connectivity. Using high resolution satellite imagery, community science bird occurrence data, 

LiDAR derived building data, and the California Protected Areas Database GIS layer, urban built 

form, UGS, and avian richness metrics were quantified using geospatial and machine learning 

methods. These data were then compared using multivariate regression analysis to understand 

the level of influence of urban built form patterns on avian biodiversity outcomes in Los 

Angeles’s UGS.  

Study results indicate that the configuration of the urban built form surrounding UGS 

influences avian richness outcomes. High aggregation of buildings and shape complexity are 

positively associated with richness outcomes whereas higher variability in building heights are 

negatively correlated, meaning that more compact building configurations with complex shapes 



4 

and less variability in height are associated with higher avian richness in UGS. I will explore the 

underlying mechanisms that explain this relationship in my next study and hypothesize that 

these urban built form attributes aid in increasing ecological connectivity via urban flight 

corridors. The results of this study contribute a better understanding of the influence of urban 

built form patterns on avian species richness in UGS, specifically that more compact urban built 

forms with complex shapes support avian richness in UGS.  

II. Literature review 

A. Urban biodiversity conservation: plans and policies 

Municipal urban biodiversity conservation plans have proliferated in recent years. 

Biodiversity refers to the variety of ecological elements in an ecosystem and is a measure of 

variation at the genetic, species, and ecosystem level (i.e. different plants, animals and other 

species in a given habitat at a particular time). Biodiversity in cities consists of a mix of native, 

invasive, and introduced species. When looking at 135 plans from 40 cities globally, two of the 

most common attributes in these plans were habitat conservation and ecological connectivity 

(Nilon et al., 2017). There is an emphasis placed on protecting and creating a network of 

greenspaces that can provide habitat for species, while providing local ecosystem services to 

residents. Typically, conservation plans aim to conserve native biodiversity as they provide the 

most benefits to local ecosystems (I. T. Brown, 2019).  

Many of these plans incorporate ecological principles to enhance habitat based on 

findings from socio-ecological scholarship. Biodiversity sensitive urban design has become an 

increasingly researched topic, providing numerous studies demonstrating positive biodiversity 

outcomes when urban design enhances green space and landscape connectivity (Beninde et 

al., 2015; Hostetler et al., 2011; Ikin et al., 2013). Socio-ecological scholars have put together 

frameworks for biodiversity sensitive design to help inform planners and policy makers on how 

to incorporate these ecological principles into actual design plans, particularly around urban 
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green spaces (Garrard et al., 2018). Considering the robust findings on positive biodiversity 

outcomes in relation to enhanced green space and landscape connectivity and active efforts 

made by socio-ecological scholars to translate this knowledge into actionable plans, it makes 

sense that most urban biodiversity conservation plans focus on these principles in their 

management plans.  

Urban biodiversity conservation has become more of a focus in sustainability plans in 

part due to a decadal decline in biodiversity. Research has shown that in some instances urban 

centers support more species than natural reference systems, including endangered and 

threatened species, making urban areas important in biodiversity conservation (M. F. J. Aronson 

et al., 2014; Grimm et al., 2008b; Ikin et al., 2013; Ives et al., 2016). However, conserving urban 

biodiversity is not just important for biodiversity conservation, it also provides multiple benefits 

for people. 

Recent research has demonstrated the importance of urban biodiversity as one of the 

elements that supports human-well being and ecosystem services. This study does not examine 

human well-being and ecosystem services directly, but the biodiversity that underpin them.  

There is strong evidence that suggests biodiversity and ecosystem function are connected; in 

other words, a decrease in biodiversity can reduce ecosystem function and as a result, impact 

an ecosystem’s ability to deliver services (Sandifer et al., 2015). This connection has been 

demonstrated in several studies, revealing positive links between biodiversity and ecosystem 

services, therefore making biodiverse urban systems important for urban sustainability (Schwarz 

et al., 2017; Tratalos et al., 2007). Ecosystem services provide us benefits such as oxygen, 

clean air and water, pollination of plants, pest control, and much more (Sandifer et al., 2015). 

Therefore, a reduction in urban biodiversity impacts human well-being (C. Brown & Grant, 2005; 

Fuller et al., 2010; Sandifer et al., 2015). Given the benefits provided by urban biodiversity and 

calls to conserve biodiversity, many municipalities have started to include urban biodiversity 

conservation plans in their sustainability plans.  
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Many advances have been made in understanding ecological attributes that provide 

functional habitat in urban areas (Beninde et al., 2015; Threlfall et al., 2016). However, there is 

less insight into how urban built form configuration may differentially impact biodiversity 

outcomes in urban green spaces in part because it is difficult to isolate the various interactions 

between social and ecological components due to the complexity of urban systems. While great 

strides have been made to understand how urban built form, both composition and 

configuration, influences other ecosystem service outcomes like microclimate regulation, there 

is a dearth of empirical studies analyzing this relationship to biodiversity outcomes, especially 

when considering spatial configuration (Andersson & Colding, 2014; Connors et al., 2013; 

McPhearson et al., 2016; Zhou et al., 2011). Understanding how urban form, building patterns in 

particular, influence ecological attributes of a city, such as biodiversity, could help inform future 

sustainable designs.  

B. Social-environmental systems scholarship: links between urban 

form and biodiversity outcomes 

This study builds principally off two bodies of literature within what is typically referred to 

as social-environmental systems (SES)  scholarship: land system science (LSS) and urban 

ecology (UE). Both fields study cities as SESs with complex interactions and feedback loops 

between social and environmental components within those systems (Grimm et al., 2013; 

Verburg et al., 2015). Both fields explore the nexus of urbanization and biodiversity with the goal 

of providing insights on paths forward for sustainable urban land stewardship and landcover 

change. However, while both fields are focused on the same nexus, they approach the topic 

from different sets of methods and at different scales. LSS uses remote sensing to monitor land 

characteristics and change at the regional scale. UE focuses on site level assessments of urban 

land conditions and the effectiveness of sustainable solutions. By using remote sensing and 

field survey approaches to compare regional and site level analyses, new insights can be 
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gleaned from a multi-scalar analysis on what supports or doesn’t support urban biodiversity, as 

it captures and differentiates interactions that are happening across urban scales.  

According to several LSS studies, urban land-cover change has the greatest impact on 

biodiversity through the loss and fragmentation of habitats (Güneralp & Seto, 2013). To assess 

these patterns, LSS looks at the relationship between land use, land cover, biodiversity, and the 

output of ecosystems (Haines-Young, 2009). Land cover is the physical characteristics of the 

surface of the earth, which are produced through biotic and abiotic features (i.e. grass, asphalt, 

trees, bare ground, water, etc.). Land-use, on the other hand, is determined by activities and 

management of that land by people (i.e. agriculture, industrial, residential, etc.). Land and 

ecosystem function refers to the potential capacity of the land and ecosystems to carry out 

physicochemical and biological processes that maintain terrestrial life. Alternatively, ecosystem 

services are the final contributions that ecosystems make to human beings such as food, clean 

air, clean water, etc. Understanding the quantity, quality and spatial configuration of different 

aspects of land use and land cover has been the principal methodological approach to 

understanding impacts to biodiversity and ecosystem function. 

One of the challenges the LSS field has faced in trying to understand the impacts of 

land-use and land cover change to biodiversity is that biodiversity can be measured in many 

ways. A multitude of indicators have been developed due to lack of consensus in the field, 

making it difficult to consistently analyze the relationship between land-use and cover to 

biodiversity (Haines-Young, 2009). However, vegetation and avian species have been typical 

indicators for biodiversity as they are correlated with other taxa. For example, Gillespie et al. 

(2008) highlighted several studies as examples of successfully using vegetation maps as 

proxies for the distribution of birds (Peterson et al., 2006), herpetofauna (Raxworthy et al., 

2003), and insects (Luoto et al., 2002). In addition, a number of studies have revealed that 

presence of avian species is correlated with vegetation and other taxonomic groups’ diversity 

and is often used as a proxy for biodiversity (Blair, 1999; Kati et al., 2004; Mikusiński et al., 
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2001). In short, avian species are a useful indicator of biodiversity as they are correlated with 

vegetation and the presence of other species. 

Beyond choosing a consistent indicator for biodiversity, long term monitoring of changes 

can be difficult because more accurate surveys conducted on the ground are expensive and 

time intensive. Community science platforms such as iNaturalist and eBird can help fill in gaps 

in data. These data present their own challenges as they are unstructured, so both sampling 

sizes and time of capture can vary, making it difficult to assess population change trends 

(Bayraktarov et al., 2019). However, assessments of survey efforts and machine learning 

methods help address these limitations (Lobo et al., 2018; Strimas-Mackey, Hochachka, et al., 

2020). 

Regardless, remote sensing has been a helpful remedy to the limitations of ground 

survey methods by allowing for easier tracking of biodiversity health over long periods of time. 

Significant advances have been made in remote sensing by combining data from multi-passive 

and active sensors, allowing for better models of species richness, alpha diversity, and beta 

diversity (Gillespie et al., 2008). For example, a recent study was conducted using very high 

resolution satellite data and the Normalized Difference Vegetation Index (that allowed for the 

identification and classification of urban vegetation). However, there are limits to what sensors 

can tell us about biodiversity based on the spectral signatures (Hashim et al., 2019). Getting 

accurate readings of biodiversity via remote sensing has vastly improved, allowing for time 

series and comparative analysis, but is still limited at the urban scale due to limitations of 

sensors and the disparate indicators of biodiversity used across the field. 

Nevertheless, improvements in remote sensing technology have allowed land system 

scientists to characterize the composition and spatial structure of the mosaic of land units, also 

known as land systems architecture, providing unique insights. LIDAR in particular, has enabled 

the improved characterization of land system architecture by characterizing vegetation structure 

and urban morphology. These modeling tools allow for the evaluation of tradeoffs between 
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alternative composition and spatial structures of landscape (B. L. Turner et al., 2013). Recent 

studies using these methods have revealed that urban land is heterogeneous and produces 

varying ecosystem outcomes such as microclimate regulation due to this heterogeneity 

(Connors et al., 2013; Galletti et al., 2019). These findings suggest that alternate urban built 

forms may also produce variation in biodiversity outcomes since there is strong evidence 

suggesting that ecosystem function is connected to biodiversity (Sandifer et al., 2015). LSS 

provides a useful method for characterization of the composition and configuration of the built 

environment, but thus far it has been primarily used in microclimate studies at regional scales 

(McPhearson et al., 2016). 

While the LSS field has used remote sensing as a primary method, urban ecology, on 

the other hand, integrates theory and methods from natural and social sciences, primarily 

conducting site level field surveys, though use of remote sensing methods has increased in 

recent years. UE studies patterns and processes in urban ecosystems typically at the intra-

urban scale (Zhao & Wentz, 2020). Urban ecologists view cities as heterogeneous, dynamic 

landscapes and seek commonalities among city ecosystems to understand how context shapes 

the socio-ecological interactions within them (Grimm et al., 2013). 

Urban ecologists, like land system scientists, have found that urbanization has negative 

impacts on biodiversity, mostly due to habitat loss and fragmentation (Elmqvist et al., 2016). 

Expansion of urban areas has a direct impact on native species dispersal through changes in 

habitat configuration and connectivity. As such, urban ecologists are interested in establishing 

management practices for biodiversity corridors in urbanizing regions (Forman, 2008). Many 

studies have gathered localized flora and fauna survey data as well as other biophysical data in 

order to understand urbanization processes and their impacts on biodiversity and ecosystem 

function. By understanding the biogeophysical context of an urban area, researchers can 

determine how biodiversity responds to rapid urbanization (Schewenius et al., 2014). 
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From decades of research, it is now well known that diversity, structure, and distribution 

of vegetation are impacted by fragmentation of natural patches (Brothers & Spingarn, 1992; 

LEVENSON, 1981) and that landscape connectivity can either support or limit the movement of 

resources and species through natural patches (M. Turner & Gardner, 1991; Walz & Syrbe, 

2013). As urban built form continues to expand and change, it impacts connectivity and patch 

size directly through the modification of the landscape. Past urban-to-rural gradient studies, a 

common method of study used by urban ecologists in the past, found that species richness 

declines from the urban fringe towards the urban core (McKinney, 2002; Pickett et al., 2001). In 

addition, scholars have also discovered a trend of urban biotic homogenization due to land-uses 

homogenizing across cities, impacting both biodiversity and ecosystem service function at local, 

regional and continental scales (Carpenter et al., 2009; Elmqvist et al., 2016; Groffman et al., 

2014). 

Despite observed negative effects of urbanization, studies show that cities are typically 

built in areas with high species richness as well as fertile soil, making urban areas ripe with 

potential for biodiversity (Alberti, 2010). In some cases, urban areas may even have richer 

biodiversity compared to their rural counterparts due to human influence of increased irrigation, 

planting exotic plant species in urban areas, or supply of food (Schewenius et al., 2014). 

Indeed, loss of habitat and biotic homogenization have negative consequences for biodiversity, 

but the ways in which cities grow and their various forms are not entirely uniform. Urban areas 

continue to have heterogeneous land cover and land uses despite trends of land use 

homogenization. The heterogeneous nature of cities and observed biodiversity richness in some 

areas of cities indicates that not all urban areas are equal and can produce varied outcomes, 

some of which are positive. 

In attempt to untangle the complexity of urban systems, scholars have emphasized the 

importance of adopting a multiscale and multi-site approach to understanding socio-ecological 

system dynamics, suggesting that biodiversity outcomes likely vary not only by alternate urban 
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form features, but at scale with different interacting social drivers (Roy Chowdhury et al., 2011). 

A recent framework has filled a gap in the field of urban ecology by providing a framework that 

spatially addresses the interactions between social dynamics and ecological processes that 

impact biodiversity across scales (Andrade et al., 2020). An example of a study taking into 

account multiscalar impacts looked at urban butterfly abundance and richness patterns at 5m 

and 25m resolution. They found that spatial scale had a significant impact on the correlation of 

the model to biodiversity outcomes (Hazell & Rinner, 2020). The results showed that urban 

butterfly biodiversity was more highly correlated at the 25m resolution model, compared to the 

finer scale resolution model. Thus, it is important to analyze biodiversity outcomes and drivers of 

those outcomes at various scales, as these relationships may change based on local versus 

neighborhood versus landscape scale. 

While urban ecologists have not been able to ascertain differential impacts of alternate 

built environment configurations on biodiversity outcomes, they have made significant progress 

in linking different features of urban form to biodiversity outcomes. A seminal study aggregating 

empirical studies on urban ecosystem function and biodiversity paired with a case study of the 

Puget Sound metropolitan region suggested that alternate urban development patterns 

produced differential ecological effects (Alberti, 2005). The paper proposed future empirical 

research to identify strategies to minimize urbanization impacts on ecosystems.  

More than a decade later there are numerous empirical studies to draw from exploring 

different aspects of urban form and its relationship to urban biodiversity outcomes. An area of 

focus has been urban density and biodiversity outcomes, which has produced varied results. 

For example, one study of five UK cities found that while ecosystem service output declines with 

increasing urban density, there was a lot of variation, suggesting that a simple measure of 

density does not capture the full relationship between urban form and ecosystem service or 

biodiversity outcomes (Tratalos et al., 2007). The researchers concluded that there was 

potential to maximize ecological potential at any given density.  Another study also concluded 
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that using the percentage of built up surface area, a measure often used to calculate urban 

density, is a poor indicator of urban biodiversity potential (Brunbjerg et al., 2018). Thus, more 

nuanced measures to characterize the built environment are required to capture dynamic 

interactions between the built environment and ecological processes.  

Although research on urban density has had mixed results, decades of research on 

green infrastructure or different land covers that provide habitat in cities is rather conclusive.  

The size of a patch area and the level of connectivity from these patches to natural reference 

systems provided by green corridors have the strongest positive effects on biodiversity, 

complemented by vegetation cover and structure (Beninde et al., 2015; Lynch, 2019; Plummer 

et al., 2020; Schütz & Schulze, 2015). There is a lack of empirical studies on the effects of 

urban built form configuration and composition on biodiversity outcomes and at the same time a 

lot of research demonstrating the importance of urban green spaces and vegetation cover for 

biodiversity (Norton, 2016). Given this imbalance in research, it makes sense that the majority of 

urban biodiversity conservation plans eschew a consideration of built form and instead focus on 

management of urban green spaces and the creation of ecological corridors. I intend to develop 

new insights on what supports or doesn’t support urban biodiversity, specifically avian 

biodiversity, from the perspective of urban built form, by combining geospatial methods from 

LSS and site-level survey analysis methods from urban ecology.  

C. Urban avian biodiversity: impacts of green infrastructure and 

urban built form 

According to current research, the world’s cities are dominated by native avian species 

and have not homogenized despite overall density of species declining in urban regions (M. F. 

J. Aronson et al., 2014; Lepczyk et al., 2017). As avian species persist and even thrive in cities 

despite the multitude of disturbances and predators, many questions remain on how urban form 

and location influence avian richness (Marzluff, 2017). Several studies have linked various 
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features of urban form, both built and green, to avian biodiversity outcomes (see Table 1 for a 

summary of studies). Most research is centered around enhancing green infrastructure and 

urban green spaces to create functional habitat and landscape connectivity via green corridors 

to natural reference systems.  

Research on the benefits of urban green space and vegetation cover for avian 

biodiversity have demonstrated consistent positive outcomes. In general, increasing the size of 

green spaces, vegetation cover both in diversity and structural complexity, having more native 

vegetation, and enhancing green corridors to create landscape connectivity all have positive 

relationships to avian diversity (refer to table 1 for list of studies). One study did find that an 

increase in green infrastructure does not necessarily provide benefits for avian diversity unless it 

provides landscape connectivity (Strohbach et al., 2013). These studies suggest that avian 

biodiversity conservation in urban areas should focus on increasing habitat spaces and 

landscape connectivity as they are primary drivers. 

However, these attributes are not the only drivers of avian biodiversity outcomes as 

suggested by studies analyzing various attributes of the built environment.  The results have 

been mixed on the influence of various attributes of urban built form on avian biodiversity except 

for the impacts of roads, which consistently have a negative relationship to avian biodiversity 

outcomes (see table 1 for list of studies). There has been less of a focus on urban built form, 

especially from a 3D configuration perspective, whereby the dimensionality and spatial pattern 

of urban built form is taken into consideration.  When studies do take into consideration 3D 

metrics it is usually only building height, which has had mixed results on the impacts of avian 

biodiversity. A simple measure of building height may not be sufficient to analyze its relationship 

to avian biodiversity outcomes as this metric is only one aspect of mapping urban flight corridors 

and understanding acoustic transmission, both of which can alter avian behavior (Z. Liu et al., 

2020; Warren et al., 2006). Most studies that consider urban built from have focused on 2D 

measures of density, i.e. degree of urban built up area. These studies have found mixed results 
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in terms of the direction of the relationship to avian richness, from positive, to negative, to 

mixed, and even neutral, suggesting that more nuanced measurements of urban built form may 

need to go beyond 2D measures and ranges of density.  

Table 1: Summary of findings on the influence of different aspects of urban built form and urban 

green space on avian biodiversity outcomes. The relationship described: as “X” variable 

increases there is a “positive”(blue), “negative”(red), “mixed”(purple), or “neutral” (yellow) 

relationship to avian richness.  

Study 

Urban built form Urban green space 

Urban 

landco

ver/ 

land-

use 

Compa

ct 

urban 

form 

Sprawl 

urban 

form 

Buildin

g 

height 

Road 

density 

UGS 

size 

Green 

corrido

rs 

Green 

infrastr

ucture 

Vegeta

tion 

cover 

Vegeta

tion 

diversit

y 

Vegeta

tion 

structu

ral 

comple

xity 

Native 

vegeta

tion 

(Amaya-Espinel 

et al., 2019)  *           

(Loss et al., 

2014)             

(MacGregor-

Fors et al., 

2017)             

(Trollope et al., 

2009)             

(White et al., 

2005)             

(Beaugeard et 

al., 2020)             

(La Sorte et al., 

2020)             

(Chowdhury & 

Sen, 2019)             

(Lindenmayer 

et al., 2020)             

(Kaushik et al., 

2020)             

(Andersson & 

Colding, 2014)             

(Sushinsky et 

al., 2013)             

(Hostetler & 

Knowles-

Yanez, 2003)             
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(M. F. J. 

Aronson et 

al., 2014)             

(Marzluff, 2017)   **          

(Strohbach et 

al., 2013)        ***     

(Ikin et al., 

2013)             

(Dale, 2018)             

*Found compact urban form at the intraurban scale to have negative relationship to avian biodiversity, but a positive 
relationship at the regional scale 

**Moderate levels of suburban and exurban development have a positive relationship to avian biodiversity 

***Green infrastructure only has a positive effect on avian biodiversity if it enhances connectivity (i.e. creates a green 
corridor) to natural reference systems 

III. Methods 

I used a combination of geospatial and machine learning methods to characterize urban 

built form and UGS site-level attributes, to model avian species distribution across UGS, and to 

analyze the relationship between urban built form patterns to avian richness outcomes within 

UGS in Los Angeles, California. High resolution satellite imagery, LiDAR building data, and 

twenty years of bird occurrence data from the eBird community-science program were used to 

estimate bird species richness within well-surveyed UGS and to analyze outcomes associated 

with urban built form variables. I calculated urban built form and landscape metrics using 

Fragstats, R, and ArcGIS software. Avian species richness was calculated using the software 

Modest R and the R package KnowBR. Ordinary least-squares regression was used to analyze 

the relationship between each metric and avian richness. Finally, I used multivariate regression 

models to compare the level of influence and predictive power of avian richness in UGS 

between urban built form metrics and site-level UGS metrics. 



16 

A. Study Area 

This study examines avian richness in UGS in the City of Los Angeles, California. Los 

Angeles has approximately 11 percent open green space (Figure 1), and has 1,255 general 

green spaces listed by the California Protected Areas Database (CPAD) (GreenInfoNetwork, 

n.d.). Los Angeles is a Mediterranean city that is a designated “global biodiversity hotspot,” 

which means it has both high concentrations of biodiversity and highly threatened biodiversity 

(Brown, 2019). The City has more than 150 threatened or endangered species (City of Los 

Angeles, 2006). At the same time, it is home to 3.99 million residents with a total area of 

130,276 hectares and varying degrees of development intensity (Figure 1). Los Angeles is an 

ideal city to study given the wide range of development intensities and range of highly modified 

green spaces to natural remnant habitats. Moreover, the Los Angeles City Council passed 

Biodiversity Motion 25A in 2017 that resulted in a custom biodiversity tracking index to conserve 

biodiversity and the 2015 Sustainable pLAn has a goal of no-net-biodiversity loss by 2035 

(Brown, 2019). Responding to these efforts, a follow-up report was released in 2020 with an 

updated biodiversity index and management framework with local case studies demonstrating 

successful management of particular areas (Zaldivar, 2020). Additionally, Los Angeles has 

superior bird count coverage in the community science platform, eBird, leading all U.S. counties 

in number of bird count checklists (Los Angeles Leads All U.S. Counties in Nationwide Bird 

Count, 2015).  
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Fig. 1: Through a comparison of the right and left maps, it is clear that the majority of UGS tend 

to be on the periphery of urban development. However, there are also a lot of UGS embedded 

in highly developed urban areas. Furthermore, as the the map on the right indicates, there is a 

range of development intensities, allowing for a comparison of the influence of different 

development intensities on avian richness outcomes in UGS in Los Angeles 

 

Data sources: National Land Cover Database (NLCD) 2016, Southern California Association of Governments Land 
Use dataset from 2018, California Protected Areas Database, and the City of Los Angeles GIS hub.  

B. Data 

 I extracted Los Angeles UGS from the polygon GIS data layer, the CPAD 

(GreenInfoNetwork, n.d.), at the “super units” level, which captures the boundary of the whole 

space instead of individual subunits. I then filtered the layer to only include UGS that are 

classified as a park. This layer was used to capture the area of each selected UGS, longest 

distance of each selected UGS, distance to nearest green space, and to analyze site-level 

characteristics by clipping land cover data to UGS boundaries. 

 I extracted land cover and landscape metrics, such as percent tree canopy, percent 

grass, percent shrub, percent soil, percent water, percent building, percent road, percent paved, 

percent impervious cover, from a data layer generously shared by the Loyola Marymount 
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University Center for Urban Resilience. The GIS layer was derived from the 10cm resolution Los 

Angeles Region Imagery Acquisition Consortium (LARIAC 5) land cover and tree canopy 

assessment captured in 2017. 

 Both 2D and 3D architectural data for urban built form metrics were extracted from 

LARIAC 5 Buildings 2017 GIS layer provided by the Los Angeles County Open Data Hub. The 

layer captures over 3,000,000 building outlines in Los Angeles County, including building height 

and building area using stereo imagery methods.  

 I acquired avian occurrence data from the eBird community science dataset provided by  

The Cornell Lab of Ornithology (Sullivan et al., 2014). These data are structured around a 

checklist that represents observations from a single sampling event. Each checklist includes  

species observed, the number of each species seen, location and time of occurrence, survey 

protocol used, and measures of sampling effort used to collect data. Both the eBird Basic 

Dataset (EBD) and Sampling Event data (SED) were downloaded for all years combined, 2002 

to 2021, for Los Angeles County (the program was initiated in 2002). Only complete checklists 

were selected, allowing for identification of species that were not detected, instead of not 

reported. The SED provides checklist data to capture sampling effort variables. All grouped 

checklists were combined into single checklists to remove any duplicates. 

C. Survey completeness and avian richness 

 I pre-processed avian occurrence data using the R package “AUK” developed by The 

Cornell Lab of Ornithology to easily subset EBD data into a manageable size for analysis in R 

(Strimas-Mackey, Miller, et al., 2020). The AUK package was used to subset occurrence data 

falling within the City of Los Angeles extent, to combine grouped checklists into single 

checklists, and to combine occurrence and sampling effort data, per best practices (Strimas-

Mackey, Hochachka, et al., 2020).  I further filtered the dataset to only include occurrences with 

sampling events falling within boundaries of UGS using a spatial intersect join function from the 
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R package SF (Pebesma, 2021). All incidental and stationary sampling protocol records were 

kept. Per methods used by La Sorte et al (2020), area sampling protocol records were further 

filtered to only include records where the sampling effort area did not exceed the maximum area 

of the UGS, and travel sampling protocol records were filtered to only include records where 

sampling effort distance did not exceed the maximum length of the UGS. This resulted in 23,754 

EBD records and 75 UGS. 

 In order to select only well surveyed UGS for avian richness modeling and analysis, I 

calculated survey completeness for each UGS. Survey completeness is the percentage of 

observed species richness captured by predicted species richness (Lobo et al., 2018). This 

calculation is an estimate of sampling events' ability to capture all species expected to be 

present at a given time and location (Colwell et al., 1994; La Sorte et al., 2020). To prepare the 

data for survey completeness analysis, I used ModestR to create a species occurrence format 

that takes semi-structured data, like EBD, and gives the number of records per species within a 

set of spatial unit parameters (ModestR Software for Species Distribution Data Management, 

n.d.). I used the R package, KnowBR, to calculate survey completeness for each UGS by 

estimating the species accumulation curve using the estimator of (Ugland et al., 2003) and the 

slope between number of actual observed species and number of database records (KnowBR, 

n.d.). Per methods used by La Sorte et al. (2020) that were defined by Lobo et al 2018, poorly 

surveyed areas were removed. Poorly surveyed areas meet the following three parameters: (1) 

the ratio between number of database records and observed species is <3, (2) the species 

accumulation curve slope is >0.3, and (3) survey completeness is <50 (La Sorte et al., 2020; 

Lobo et al., 2018). After taking these factors into account, 24 UGS were considered to be well 

surveyed. Avian species richness was calculated for each UGS. Heidelberg had the lowest 

species count at 25 and Ken Malloy Harbor Regional Park had the highest species richness at 

145 different species.  
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D. Data analysis 

 I extracted site-level metrics for UGS from a data layer provided by Loyola Marymount 

University Center for Urban Resilience, which is a GIS layer derived from the 10cm resolution 

LARIAC 5 land cover and tree canopy assessment conducted in 2017. Size of the UGS was 

extracted from the California Protected Areas Database GIS layer. Distance to nearest green 

space was used as a proxy for landscape connectivity and calculated using the Near Analysis 

ArcGIS tool (Amaya-Espinel et al., 2019). All calculations were conducted in ArcGIS. A 

description of each of the 10 metrics used to quantify UGS site-level metrics is provided in Table 

2.  

 To quantify the patterns of surrounding urban built form, a 200 meter buffer was created 

around each UGS. This buffer size was selected as it is the average territory range of the most 

common avian species found in Southern California; and therefore, where urban built form is 

likely to have more of an influence on avian community in UGS (Amaya-Espinel et al., 2019). I 

extracted building data falling within the buffer surrounding each park from the LARIAC 5 

Buildings 2017 GIS layer. To capture the pattern of urban built form, the configuration, both the 

dimensionality and spatial pattern, of buildings was quantified using 12 landscape metrics 

developed to accurately depict 2D and 3D aspects of architectural patterns (M. Liu et al., 2017). 

In order to capture the diversity in building height, buildings were divided into six categories by 

size: Bungalow (0-4m), Low Building (4 to 10m), Multi-story building (10 to 19m), Middle-height 

building (19 to 30m), Tall building (30 to 100m), and Super tall building (>100m) (M. Liu et al., 

2017). I calculated all of the metrics in ArcGIS except for Landscape Shape Index, Patch 

Density, Aggregation Index, and Shannon’s Diversity Index. In order to calculate these 

landscape metrics, the GIS layer was rasterized to 1m resolution and exported to the software 

Fragstats 4.1 for analysis whereby each building was considered as one patch (McGarigal & 

Marks, 1995). For a description of each of the 12 metrics used to quantify urban built form refer 

to Table 1.   
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Finally, I quantified urban built form patterns for each 200 meter buffer surrounding a 

UGS and compared them to site-level characteristics quantified for each UGS to understand the 

direction and strength of influence of each on avian richness. I used Ordinary Least Squares 

(OLS) Regression to analyze the relationship between each metric and annual avian richness 

outcomes. Two multivariate linear regressions were used as a comparison of  avian richness 

predictive power between urban built form metrics and site-level UGS metrics. 

 

Table 2: Description of metrics used to quantify urban built form and site-level characteristics of 

each UGS. Formulas and descriptions for urban built form metrics are from Liu et al. 2017.  

Level Variable measured Description 

Urban built 

form (200m 

buffer) 

Number of buildings 

(NB) 

Total buildings  

NB = N 

Number of tall buildings 

(NTB) 

Total buildings exceeding 24m  

NTB = TB 

Tall building ratio (TBR) Ratio between buildings exceeding 24m and total buildings 

HBR = Nh/N 

Nt: number of tall buildings  

N: number of total buildings 

Mean architecture 

projection area (MAPA) 

Mean area of architecture projected vertically to floor 

MAPA = TAPA/N 

TAPA: total architecture projection area 

N: number of buildings 

Mean architecture 

height (MAH) 

The average height of all buildings in study area 

MAH = (�n
i=1 Hi ) / n 

MAH: Mean architecture height         

Architecture height 

standard deviation 

(AHSD) 

Variation degree of the buildings in study area 

AHSD = ��� �����	�  −  �
	���/� 

Building coverage ratio 

(BCR) 

The degree of building diversity 

BCR = �� /
 

F: the land area of building taken 

A: study area 

Floor area ratio (FAR) Building area unit land area 

FAR = (�n
i=1 �� � �� ) / A 

C: number of floors 

F: area of building 

A: study area 

Landscape shape index 

(LSI) 

The degree of landscape shape complexity 

LSI = E / min E 

E: total length of edge in landscape in terms of number of cell surfaces; includes all 

landscape boundary and background edge segments.  

min E: minimum total length of edge in landscape in terms of number of cell surfaces. 
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Patch density (PD) PD equals the number of patches in the landscape (100 hectares), reflects density of 

patches 

PD = ��/
��10,000��100� 

N = total number of patches in the landscape. 

A = total landscape area (m2) 

Aggregation Index (AI) AI equals the number of like adjacencies involving the corresponding class, divided by 

the maximum possible number 

AI = �� �
�=1 ����/� � → ����"�#�100� 

gii = number of like adjacencies (joins) between pixels of patch type (class) i based on 

the single- count method 

max-gii = maximum number of like adjacencies (joins) between pixels of patch type 

(class) i (see below) based on the single-count method 

Pi = proportion of landscape comprised of patch type (class) i  

Shannon's Diversity 

Index (SHDI) 

SHDI equals minus the sum, across all patch types, of the proportional abundance of 

each patch type multiplied by that proportion 

SHDI = -�n
i=1 Pi  x lnPi 

Pi = proportion of the landscape occupied by patch type (class) i  

Urban green 

space (site-

level) 

Patch size (PS)  Patch area in hectares 

Distance to nearest 

green space (DNGS) 

Distance in meters to nearest green space using Near Analysis tool in ArcGIS 

% Tree canopy (TC) Percentage of land cover type in patch area 

%LCC = (ALCC /Tp)(100) 

ALCC = Area covered by land cover class 

 Tp = Total patch area 
% Grass (G) 

% Soil (S) 

% Water (W) 

% Road (R) 

% Paved (P) 

% Shrub (SH) 

% Pervious (PE) 

% Impervious (IMP) 

 

IV. Results 

A. Predicted avian species richness  

Out of the 75 UGS with EBD records, 24 UGS were categorized as well surveyed. The 

location of these UGS spanned North (6 UGS), South (5 UGS, West (5 UGS), and East (5 UGS) 
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with a relatively even spread (Figure 2). Two parks (Cheviot Hills Park and Recreation Center 

and Woodley Avenue Park) needed to be removed due to lack of sufficient land cover data. The 

average species richness count was 73 with a standard deviation of 27.51 for the 22 UGS, 

indicating that the sample of UGS had a lot of variation in avian richness outcomes. Avian 

richness across UGS ranged from 25 to 145 different species with higher levels of richness 

associated with larger UGS (see Figure 2 and Table 3).  

 

Table 3: KnowBR survey completeness and predicted species richness for the 24 UGS that met 

all three parameters: (1) the ratio between number of database records and observed species is 

<3, (2) the species accumulation curve slope is >0.3, and (3) survey completeness is <50 (La 

Sorte et al., 2020; Lobo et al., 2018). For output figures of all parks from KnowBR analysis refer 

to the Appendix. 

UGS Records Observed 

Richness 

Predicted 

Richness 

Slope Completeness Ratio 

Franklin Canyon Park 775 90 106.1 0.03 84.82 8.6 

O'Melveny Park 12572 134 137.9 0 97.16 93.82 

Ken Malloy Harbor Regional Park 608 113 144.8 0.06 78.04 5.38 

Heidelberg Park 65 19 25.4 0.09 74.72 3.42 

Angels Gate Park 500 43 47.7 0.01 90.2 11.63 

Orcutt Ranch Horticultural Center Park 215 41 48.2 0.04 85.04 5.24 

Roosevelt Memorial Park 113 37 51.5 0.06 71.84 3.05 

South Los Angeles Wetlands Pocket Park 375 45 51.8 0.02 86.84 8.33 

Coldwater Canyon Park 176 43 56.3 0.07 76.41 4.09 

Van Nuys-Sherman Oaks War Memorial Park 197 45 58.2 0.07 77.35 4.38 

Porter Ridge Park 198 46 59.5 0.08 77.25 4.3 

Chatsworth Park South 142 43 59.9 0.09 71.76 3.3 

Runyon Canyon Park 220 49 63.1 0.08 77.64 4.49 

Brand Park 443 57 68.1 0.03 83.73 7.77 

El Cariso Community Regional Park 236 54 68.6 0.08 78.72 4.37 

Westchester Recreation Center 321 56 69.0 0.05 81.15 5.73 

Temescal Gateway Park 397 60 71.0 0.02 84.55 6.62 

Serrania Avenue Park 998 68 72.7 0.02 93.49 14.68 

Rio de Los Angeles State Park 238 58 75.0 0.08 77.29 4.1 

Hancock Park 419 60 79.9 0.06 75.12 6.98 

MacArthur Park 1704 86 97.02 0.01 88.64 19.81 

Lewis MacAdams Riverfront Park 279 65 83.7 0.06 77.69 4.29 
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Figure 2: Avian species richness by urban green space 
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B. Urban built form and landscape metrics for sample UGS 

The average patch size of the 22 UGS was 43.23 hectares with a standard deviation of 

68.06, showing a lot of variation across sample UGS being tested (Table 4). This allowed for an 

analysis of the impact of UGS size on avian richness. The top three most avian biodiverse UGS 

were on average 199.79 hectares and the least diverse were 15.29 hectares on average, 

suggesting that larger UGS are correlated with higher levels of avian richness. On average the 

UGS had 31.93 percent tree cover, but there was a lot of variation among UGS. Interestingly, 

the top three most diverse UGS had an average of 32.77 percent tree canopy coverage 

whereas the three least diverse had 46.83, suggesting that tree canopy coverage isn’t 

necessarily a strong predictor of richness in UGS. In general, there was a lot of variation in 

metrics among UGS except for the ratio between the total number of buildings and tall buildings. 

There were not many tall buildings at sample UGS sites and the average building height was 

6.5 meters, which is typical of Los Angeles. 

Table 4: The mean and standard deviation of each variable 

Level Variable measured Average and standard deviation (metric) 

Urban built form Number of buildings (NB) 424.56 ± 209.96 

 Number of tall buildings (NTB) 1.55 ± 3.83 

 Tall building ratio (TBR) 0.01 ± 0.02 

 Mean architecture projection area (MAPA) 326.61 ± 213.90 

 Mean architecture height (MAH) 6.50 ± 1.81 

 Architecture height standard deviation (AHSD) 67.72 ± 2.68 

 Building coverage ratio (BCR) 19.29 ± 10.20 

 Floor area ratio (FAR) 44.53 ± 48.63 

 Landscape shape index (LSI) 12.74 ± 3.92 

 Patch density (PD) 957.78 ± 1317.75 

 Aggregation Index (AI) 97.00 ± 2.07 

 Shannon's Diversity Index (SHDI) 0.57 ± 0.27 

Urban green space Patch size (hectares) 43.23 ± 68.06 

 Distance to nearest green space (meters) 1046.45 ± 1375.50 
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 % Tree canopy 31.93 ± 20.53 

 % Grass 21.23 ± 18.80 

 % Soil 23.62 ± 17.05 

 % Water 2.19 ± 5.87 

 % Road 1.26 ± 1.88 

 % Building 3.07 ± 5.54 

 % Paved 10.45 ± 9.67 

 % Shrub 6.26 ± 8.21 

 % Pervious 85.22 ± 14.47 

 % Impervious 14.78 ± 14.47 

 

C. OLS and multivariate regression modeling 

 Only two metrics were statistically significant when assessing each metric’s relationship 

to annual avian richness outcomes in UGS using OLS regressions, suggesting that these two 

metrics were significant drivers of avian richness outcomes (see Table 5). Patch size (P = 

0.0003719) was positively associated with richness, indicating that as patch size increases it 

has a positive influence on avian richness outcomes. Also, water cover had a statistically 

significant relationship (P= 0.02631), suggesting that presence of water cover supports 

waterfowl, increasing avian richness in UGS.  

 

Table 5: Results from OLS regression analysis. Statistically significant P values are in bold. 

Variable Coef. t P R2 

Number of Buildings (NB) -0.003054 -0.048 0.9622 0.0001154 

Number of Tall Buildings (NTB) 0.4372 1.455 0.1612 0.09571 

Tall building ratio (TBR) 5.0244 1.154 0.2619 0.06247 

Mean architecture projection area (MAPA) 0.09101 1.394 0.1787 0.08852 

Mean architecture height (MAH) 0.8304 0.802 0.4318 0.03118 

Architecture height standard deviation (AHSD) 0.5158 0.882 0.3882 0.03746 

Building coverage ratio (BCR) -2.129 -0.724 0.4773 0.02556 

Floor area ratio (FAR) 0.3512 0.281 0.7816 0.003933 
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Landscape shape index (LSI) 0.1087 0.175 0.863 0.001526 

Patch density (PD) -0.02488 -1.092 0.2878 0.05627 

Aggregation Index (AI) 1.975 0.616 0.5449 0.01861 

Shannon's Diversity Index (SHDI) -1.556 -0.887 0.3857 0.03784 

Patch Size (PS) 0.2811 4.273 0.0003719 0.4772 

Distance to Nearest Green Space (DNGS) -0.001475 -0.094 0.9258 0.0004441 

Tree Canopy (TC) -0.1546 -0.812 0.4263 0.03193 

Grass (G) -0.002864 -0.019 0.9851 1.794 

Soil (S) -0.03779 -0.195 0.8475 0.001894 

Water (W) 0.5531 2.399 0.02631 0.2234 

Road (R) 0.1350 0.298 0.769 0.004411 

Paved (P) 0.05259 0.253 0.8031 0.003182 

Building (B) -0.1228 -0.461 0.6497 0.01052 

Pervious (PE) 0.01986 0.047 0.9626 0.0001124 

Shrub (SH) 0.2207 1.263 0.2213 0.07382 

Impervious (IMP) 0.01712 0.096 0.9242 0.000464 

 

When comparing two multivariate regression models for avian richness predictive power, 

the model with the urban built form metrics was statistically significant (P=0.04408) and had 

high explanatory power (R2 = 0.8106), suggesting that urban built form patterns do influence 

avian richness outcomes in UGS. The Aggregation Index, patch density, landscape shape 

index, and architecture height standard deviation were all statistically significant. The 

Aggregation Index, patch density, and the landscape shape index all had positive relationships 

with avian richness, whereas the architecture height standard deviation had a negative 

relationship. These relationships suggest that more compact urban built forms with complex 

shapes, but less variability in building heights better support avian richness in UGS. The model 

with site-level UGS metrics performed better in terms of explanatory power (R2 = 0.8437) and 

statistical significance (P =0.006091). However, patch size was the only statistically significant 

variable ( P = .000119), suggesting that patch size is the driving factor for avian richness. See 

Table 6 for all coefficients and P values.  
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Table 6: Multivariate regression models 

Model 1: urban built form metrics  Model 2: UGS metrics  

Dependent variable: predicted avian richness  Dependent variable: predicted avian richness 

Independent variables: NB, NTB, TBR, MAPA, 

MAH, AHSD, BCR, FAR, PD, LSI, SHDI, AI 

 
Independent variables: TC, G, S, W, B, R,SH, 

PS, DNGS, IMP, PE, SH  

Variable Coefficient P value  Variable Coefficient P value 

Number of Buildings 

(NB) -1.01 0.7394  Tree Canopy (TC) 5.82 0.59774 

Number of Tall Buildings 

(NTB) -4.55 0.6554  Grass (G) 5.92 0.59224 

Tall building ratio (TBR) 9.54 0.4869  Soil (S) 5.8 0.59880 

Mean architecture 

projection area (MAPA) -8.65 0.1460  Water (W) 6.04 0.58435 

Mean architecture height 

(MAH) 1.58 0.1664  

Distance to Nearest 

Green Space (DNGS) -8.57 0.27106 

Architecture height 

standard deviation 

(AHSD) -4.99 0.0191**  Road (R) 5.84 0.86 

Building coverage ratio 

(BCR) -6.85 0.1530  Paved (P) 5.80 0.59799 

Floor area ratio (FAR) 3.74 0.1108  Patch Size (PS) 2.96 0.00051*** 

Patch density (PD) 1.31 0.0122**  Building (B) 5.87 0.59539 

Landscape shape index 

(LSI) 1.31 0.0582*  Shrub (SH) 5.92 0.59104 

Shannon's Diversity 

Index (SHDI) 1.49 0.1244     

Aggregation Index (AI) 1.1 0.0110**     

     

Statistically significant: 0.01**, 0.05* 

R2:0.8106 p-value: 0.04408*  

Statistically significant: 0.01**, 0.001*** 

R2: 0.8473 p-value: 0.006091** 

 

V. Discussion 

The main aim of this study was to quantify urban built form surrounding UGS to 

characterize the configuration pattern in order to assess the level of influence of these patterns 
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on avian richness outcomes. Previous studies have shown mixed results on certain aspects of 

urban built form such as building height and density, but in general have tended to find that an 

increase in urban land cover leads to a decline in avian richness (M. F. J. Aronson et al., 2014; 

Chowdhury & Sen, 2019) . Meanwhile, the vast majority of studies that have focused on the 

composition and structure of greenspace have resoundly shown that an increase in patch size is 

strongly associated with avian richness followed by level of connectivity (Amaya-Espinel et al., 

2019; Beaugeard et al., 2020; Beninde et al., 2015; La Sorte et al., 2020). The analysis of this 

exploratory study confirms previous assertions that patch size is the strongest correlate to avian 

richness, but presents a more complex story when considering urban built form pattern and 

level of connectivity. The multivariate regression model with urban built form pattern metrics 

performed well in predicting avian richness in UGS and revealed some interesting insights, 

mainly that high aggregation of buildings and increased complexity in shape (i.e. AI and LSI 

metrics) were positively correlated with avian richness regardless of level of density captured by 

the building coverage ratio metric. This finding suggests that urban built form patterns have 

more complex interactions that go beyond the typical 2D density measures used and that urban 

built form can be maximized for ecological potential at various densities.  

 This study confirms previous assertions that the size of the UGS is the strongest 

correlate to avian richness, but did not find a similarly strong relationship with level of 

connectivity (Amaya-Espinel et al., 2019; Beaugeard et al., 2020; Beninde et al., 2015; Dale, 

2018; Ikin et al., 2013; La Sorte et al., 2020; Lynch, 2019; Strohbach et al., 2013). This might be 

in part due to the proxy measure used for connectivity, nearest distance to green space; 

however, this measure is a fairly common proxy (Amaya-Espinel et al., 2019). Level of 

connectivity is a complex metric as there is structural and functional connectivity, the former 

being the easier of the two to capture (Lynch, 2019). Scholars have developed a methodology 

for mapping ecological connectivity utilizing principles of resistance and flow from electrical 

engineering whereby landscapes are treated as resistive surfaces (I. T. Brown, 2019; TNC 
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Omniscape Connectivity, n.d.). Additionally, avian species are unique in that they can fly, 

meaning that what might be considered a barrier to movement for one species is not the same 

for an avian species. Scholars have shown that urban flight corridors are an important factor in 

mapping connectivity, which requires assigning resistive surface scores with 3D building 

landscapes in mind (Z. Liu et al., 2020). Additionally, it is important to note that the configuration 

of the built environment has implications for acoustic transmission, which may alter avian flight 

paths due to an ability or inability to communicate (Warren et al., 2006), which arguably should 

be considered in resistive surface scoring as this aspect can modify avian behaviour. In the next 

stage of this study I will use this methodology to map urban flight corridors and will factor in 

measures of acoustic transmission that may modify these corridors. I hypothesize that this 

method of measuring connectivity will be strongly associated with avian richness.  

 When analyzing the influence of urban built form metrics, both the Aggregation Index 

(AI) and Patch Density (PD) were statistically significant and revealed positive associations with 

avian richness, suggesting that building configuration patterns influence avian richness 

outcomes in UGS. The fact that both AI and PD were statistically significant is not surprising in 

that AI and PD tend to be correlated (M. Liu et al., 2017). What is interesting is that an increase 

in AI, which quantifies spatial patterns of landscapes, thus representing the aggregation of 

buildings in each study area in this case, is strongly correlated with an increase in avian 

richness within UGS (He et al., 2000; M. Liu et al., 2017).  

Furthermore, AI was not correlated with the building cover ratio (BCR) metric, a common 

measure used for density, suggesting that regardless of level of density, higher aggregation 

patterns of buildings seem to support avian richness in UGS. This confirms studies suggesting 

that urban areas can maximize ecological potential at any given density (Hostetler & Knowles-

Yanez, 2003; Tratalos et al., 2007). Additionally, an increase in LSI was positively correlated 

with an increase in avian richness with UGS, suggesting that increased complexity in building 

shape patterns better supports avian biodiversity. Why a higher AI and LSI is correlated with 
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avian richness in UGS remains an open question. In the next stage of research, I will assess 

whether AI and LSI are correlated with larger UGS or enhanced connectivity via increased 

vegetation cover or flight corridors, with a consideration of acoustic transmission factored into 

mapping flight corridors. 

 The impact of building height on avian richness has had mixed results in research to 

date. In some cases an increase in building height has been associated with avian richness 

(Amaya-Espinel et al., 2019), in other studies it has had a negative effect (Loss et al., 2014), 

and in some it has presented mixed results depending on which avian species is being 

assessed (MacGregor-Fors et al., 2017). In this analysis, variation in building height, captured 

by the architecture height standard deviation metric (AHSD), was negatively associated with 

avian richness in UGS. According to previous studies, AHSD tends to be correlated with a tall 

building presence, which is true of this study as well (M. Liu et al., 2017). This would suggest 

that an increase in building height is negatively associated with avian richness in UGS. 

However, given that this metric represents variation in building height and not outright tall 

buildings, it is not clear whether tall buildings are fully to blame for this negative effect. One 

hypothesis is that variation in building height may affect flight paths and acoustic transmission, 

thus impacting ecological connectivity via flight corridors and acoustic transmission capabilities.   

 It is important to note that while this exploratory study focused on characterizing patterns 

of the urban built environment, it will be germane to integrate social attributes of the surrounding 

area of each UGS in a future study. Cities are complex social-environmental systems, 

necessitating an investigation of both social and environmental components in order to more 

fully capture the complex interactions in urban systems (Grimm et al., 2008b; Verburg et al., 

2015). Furthermore, socioeconomic and cultural dynamics can be determinants in UGS 

management decisions, making an analysis of social drivers of avian richness in UGS 

paramount in future studies (M. F. Aronson et al., 2017). The next stage of this study will 
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investigate demographic variables surrounding each UGS to characterize population and 

socioeconomic patterns. 

VI. Conclusion 

The implications of this exploratory study for urban avian biodiversity conservation 

suggests that urban design and planning professionals should aim to maximize urban green 

space size and the compactness and complexity of shape of urban built form as new urban 

areas develop. More research needs to be conducted to understand the underlying mechanisms 

that explain why more compact urban forms with complex shape support avian richness in UGS. 

In addition, an analysis of social drivers of avian richness in UGSs is a critical component to 

incorporate given that UGS management decisions can be determinants of socioeconomic and 

cultural dynamics. In a future study, I intend to explore demographic variables surrounding each 

UGS as well as the relationships between AI and LSI and vegetation cover and landscape 

connectivity. Furthermore, instead of using distance to nearest green space as a proxy of 

connectivity, I will map 2D and 3D ecological connectivity utilizing principles of resistance and 

flow from electrical engineering whereby landscapes are treated as resistive surfaces, factoring 

in acoustic transmission, to assess urban flight corridors. I hypothesize that higher AI and LSI 

are associated with enhanced connectivity via increased vegetation cover and urban flight 

corridors with greater acoustic transmission.  
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KnowBR Analysis Outputs for slope, records, and richness 
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