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Abstract 

While cities are often framed as the domain of humans, they are not, and have never 

been, human-only spaces. Rather, nonhuman animals have always been a part of the 

urban environment ï cities are more-than-human. Increasingly, scholars are working to 

disrupt hierarchical thinking whereby the interests of humans are situated as separate 

from and above the relatively similar interest of nonhuman animals. In relation to cities, 

this has allowed for new questions to be asked around who and what cities are for and, as 

a result, cities have been increasingly reconceptualized as more-than-human places. 

 

This dissertation explores the current state and the potential of the more-than-human city 

using the city of Halifax, Nova Scotia as an example, but with potential utility for 

application in similar cities elsewhere. It begins with a discussion of how to break down 

the default privileging of the (elite) human interests in the city through an extension of 

the right to the city to urban wildlife to think about what the city could be. The 

dissertation then shifts towards an exploration of the current more-than-human city by 

examining spatial patterns in three different but complementary ways. Spatial overlap and 

divergence are mapped and assessed for (1) more-than-human interactions collected 

through a nature-based app , (2) multiscale human access to urban greenery, and (3) 

more-than-human connectivity, based on landscape structure opportunities for the 

movements of humans and nonhumans in the city. 

 

A common thread throughout this work is that cities are fundamentally shared, more-

than-human spaces produced through multispecies entanglements, the legacies of which 

can be seen etched throughout the city. The spatial patterns within urban areas deeply 

affect life in the city, for both nonhuman animals and humans. These patterns are the 

result of policies and actions taken in urban planning and design, which can influence the 

city and its residents for years and even decades after their implementation. 

 

The overarching goal of this work is to advance the more-than-human turn in urban 

geography, paving the way for future research examining more-than-human relationships 

in urban areas and working towards more equitable and just cities for all, regardless of 

species.  
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Chapter 1: Introduction 

1.1 Introduction 

In the face of the on-going climate crises, and with more than half of the global 

population now living in cities (United Nations Department of Economic and Social 

Affairs Population Division, 2019), increasing attention is being placed on how to make 

urban life more environmentally sustainable. While what specifically constitutes a city1 

(i.e., how high or how dense the human population ought to be) can be a matter up for 

debate (McIntyre, 2011; Nilon et al., 2003), a common framing is that the city, regardless 

of how large or how small, is a óconcrete jungleô. They are places filled with buildings 

and roads ï a harsh and unwelcoming environment where the nonhuman is unexpected 

(McDonald et al., 2018). The city is often perceived as the domain of humans and 

humans alone, with the nonhumanôs place being óout thereô, away from the city and 

 
1 A city is any large urban settlement, where óurbanô refers to any area that is highly modified to support a 

large amount of people living in relatively dense communities. Exactly how modified the landscape must 

be, and how high or dense the human population needs to be for an area to count as urban or a city is a 

matter up for debate and is specific to the political, social, and economic context to which the definer is 
accustomed (McIntyre, 2011; Nilon et al., 2003). For example, a person who has lived their whole life on 

an isolated farm in the mountains may consider a place with 10,000 people to be a city, but such a place 

will likely not be considered a city by someone who grew up somewhere like Toronto or Vancouver with 

millions of people. To paraphrase United States Supreme Court Justice Potter Stewart, óone knows what a 

city is when one sees itô (Jacobellis v. Ohio, 1964). Just like the matters of obscenity to which the justice 

was referring, the issue of what constitutes a city is a matter for an individual to determine while applying 

the standards of their local context. This does not mean that there are not specific definitions for a city or 

urban area out there. Indeed, there are plenty of them. For example, Statistics Canada defines a census 

metropolitan area (CMA) as having a total population of at least 100,000, of which at least 50,000 must live 

in the core area (Statistics Canada, 2022). The definition of a city endorsed by the United Nations works 

with a similar population (at least 50,000) but also adds a density requirement at least 1,500 people per 

square kilometer (European Union et al., 2021). In contrast, the United States Census Bureau defines urban 
areas as containing at least 2,000 housing units or a population of at least 5,000 (Census Bureau, 2022). The 

debate around exactly what constitutes a city, or an urban area, is not important to this work, and precise 

definitions of the terms are not needed. Rather, the terms city and urban will be used interchangeably and in 

the broadest sense, meaning anywhere that humans have developed permanent settlements and live in 

community, and the reader is encouraged to consider what the more-than-human city means in the context 

of their own living arrangement and conception of the urban or a city. 
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people (Coates, 1998, p. 3). This (false) dualism is far-reaching and has even bled into 

popular media. For example, most nature documentaries and wildlife photography are 

careful to avoid even the perception of humans in their images ï any signs of humanity 

are edited out (Aitchison et al., 2021; Jones et al., 2019). The result is a clear message: to 

truly experience the nonhuman world and see wildlife for who they are you must leave 

humanity and the city behind.  

The result of this framing, that is cities being the realm of the human and not the 

nonhuman, is that urban wildlife are seen as out of place and as not belonging (Hunold, 

2019; Van Patter, 2021a). But cities are not, and have never been, human-only spaces. 

Beginning with the very first cities and working all the way to the modern era, nonhuman 

animals have always been a part of the story (Girgen, 2003; Thomas, 2017; Urbanik & 

Morgan, 2013). Some were brought to the city by humans intentionally for labour or 

entertainment purposes (e.g., horses (Equus ferus caballus) in Montreal; Olson, 2017); 

others were brought in accidently, hitching a ride through trade networks (e.g., brown rats 

(Rattus norvegicus) in cities all over the world; Munshi-South et al., 2024). Others were 

there before the cityôs construction and managed to hang on through the urbanization of 

their home (e.g., western swamp tortoise (Pseudemydura umbrina) in Perth; Soanes & 

Lentini, 2019). Still others came to the city on their own accord, attracted by the 

resources of the city, much like their human counterparts (e.g., raccoons (Procyon lotor) 

in Toronto; Prange et al., 2003). Yet, the story of cities, as it is usually told, is one that 

positions humans as the sole creators and occupiers of the city. Non-human animals are 

largely absent from the story, creating an incomplete narrative of cities and their histories. 

Urban nonhuman animals are often invisible, pushed into the background of the city to 
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the point where common animals, such as pigeons (Columba livia forma urbana), 

become just another feature of the urban, like a sidewalk or a building. Unless there is a 

conflict (if, for example, that pigeon dares to defecate on something of value; Ward & 

Ashcroft, 2017), or something unexpected occurs (such as the rare occurrence of a bald 

eagle (Haliaeetus leucocephalus) in Toronto; Swadden, 2024), many nonhuman animals 

in the city go unnoticed (Michelfelder, 2018; Newman & Dale, 2013).  

This dissertation contributes to the more-than-human turn wherein scholars are 

increasingly centering nonhuman animals and working to disrupt the dualistic and 

hierarchical thinking whereby human interests are situated as separate from and above the 

relevantly similar interests of nonhuman animals (Greenhough, 2014). This turn is 

occurring in a wide variety of disciplines across the environmental humanities and 

geography (e.g., Bawaka Country et al., 2016; Clarke et al., 2019; OôGorman & Gaynor, 

2020). While there are subtle disciplinary differences in the ways this turn is occurring, 

there are some common threads, as identified by Lorimer and Abingdon (2024, pp. 9ï10). 

First, there is a focus on material agency. There is an understanding that humans are not 

the only actors with agency, interests, and the ability to shape the world. Secondly, more-

than-human thinking recognizes multiple ways of knowing as legitimate, including those 

that see nonhumans as knowers in their own right. Finally, there is a focus on relations 

and processes. Humans are not viewed as more important than, or even separate from, 

other beings. Rather, humans exist in relation with all other beings. 

 Urban geography is experiencing its own more-than-human turn (e.g., Fieuw et 

al., 2022; Houston et al., 2018; Steele et al., 2019), and the breaking down of barriers 

between the human and the nonhuman is allowing for new questions to be asked around 
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who and what cities are for. The result is that cities are being reconceptualized as more-

than-human places ï places that require recognition of nonhuman agency and an ethics 

that goes beyond the sole consideration of human interests (Fieuw et al., 2022; Metzger, 

2016). Such an approach to thinking about cities foregrounds the agency of nonhuman 

animals and recognizes that cities are not constructed by humans alone. Rather, they are 

co-created through multispecies entanglements (e.g., Houston et al., 2018). More-than-

human approaches to urban geography work towards multispecies justice (e.g., 

Celermajer et al., 2021; Tschakert, 2020), and aim to support multispecies communities 

(e.g., Hunold, 2020) by enhancing our understanding of cities and their function through 

the lens of nonhuman animals and by seeking to better understand urban multispecies 

relationships.  

Thinking about cities through a more-than-human lens can help to ensure that urban 

growth occurs in a manner that supports all residents, both human and nonhuman 

(Rupprecht et al., 2020). Cities are important centres for human life. As cultural and 

economic centres, there are a lot of human benefits, but there are also challenges that are 

associated with life in the urban. Compared to those in rural areas, urban dwellers are 

generally more at risk from airborne pollutants (Bereitschaft & Debbage, 2013), noise 

pollution (Khomenko et al., 2022), crime (Glaeser & Sacerdote, 1999), depression and 

anxiety (Gruebner et al., 2017), and communicable diseases (Bhanya & Bhanya, 2024). 

Many cities are also increasingly experiencing climate-change-related extreme weather 

events such as storms (Wahl et al., 2015), and heat waves (Tuholske et al., 2021), and are 

projected to experience an increase in climate refugees, forcibly displaced due to climate-

change-related factors, in the coming decades (Wennersten & Robbins, 2017). Nature-
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based solutions, such as trees, green roofs, and constructed wetlands are recognized as 

being a key component of the fight against some of the key challenges facing cities today 

(Depietri & McPhearson, 2017; Hobbie & Grimm, 2020), and there is growing interest in 

how urban planning and design can be blended with conservation biology to better 

support all urban residents, including those who are not human (Parris et al., 2018; 

Soanes et al., 2019). This has led to the development of a number of frameworks for 

integrating nature and the needs of wildlife into urban planning and design, such as 

wildlife-inclusive design (Apfelbeck et al., 2019, 2020), biophilic cities (Beatley, 2016; 

Beatley & Newman, 2013), and biodiversity sensitive urban design (Garrard et al., 2018). 

While there are pragmatic reasons to include nonhumans in urban planning and design, 

such as ecosystem services (Ahern et al., 2014), a more-than-human approach to urban 

planning and design goes beyond anthropocentric approaches, more directly addressing 

the interests and needs of nonhumans in the city building process (Franklin, 2017; Maller, 

2021). Such a shift in how cities are perceived and designed reflects a recognition that 

multispecies entanglements have produced the cities of today and will continue to 

construct the cities of tomorrow (Houston et al., 2018). 

In addition to thinking about the theoretical and philosophical underpinnings, spatial 

analyses can be used to gain insights into the current dynamics of the more-than-human 

city. Geographic Information Sciences and Systems (GIS) has been used for decades to 

enhance understanding of where and how nonhuman animals use the landscape through 

techniques such as species (Miller, 2010) and habitat (Guisan & Zimmermann, 2000) 

distribution modelling, and tracking individuals to identify migration and other 

movement patterns (e.g., McDuie et al., 2019; Merkle et al., 2022). Historically, these 
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techniques have been applied in nonurban environments, but the rise of urban ecology 

over the last few decades has meant that these techniques are being applied in cities more 

often (e.g., Kirk et al., 2023; Mimet et al., 2020; Pyott et al., 2024). GIS has also been 

used to better understand how people use the urban environment through methods such as 

analyzing smartphone Global Positioning System (GPS) data (e.g., Korpilo et al., 2017; 

Rout et al., 2021) and geotagged photos posted to social media (e.g., Hu et al., 2015; Niu 

& Silva, 2023). Spatial techniques can also be used to better understand how different 

species interact with one another within the more-than-human city, providing insights 

into how their uses of urban space overlaps and diverges from one another (e.g., Lopez et 

al., 2020). While several studies in this space exist, the field remains nascent and 

additional research exploring diverse aspects, especially those that take a critical 

approach, is warranted.  

 

1.2 Dissertation objectives 

This dissertation applies a mixed-methods approach to philosophically and 

spatially examine the more-than-human city using the city of Halifax, Nova Scotia as a 

case study. Various means of assessing and understanding these relationships are explored 

for potential application to urban planning in Halifax and other cities. This thesis, 

particularly objectives two to four described below, aims to contribute to what I hope will 

become more-than-human geographic information science (GIS), a radical combination 

of critical geographies and spatial data science. To achieve this purpose, five objectives 

were pursued: 
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(1) To explore a more-than-human ethics and urban planning to examine what  the right 

to the city means in the context of urban wildlife in terms of the physical and social 

structures of the city;  

(2) To analyze the spatial dynamics of positive more-than-human interactions recorded in 

a nature-based app (iNaturalist) to examine how land-use and land cover drive patterns in 

usage, and how patterns differ amongst different human users and wildlife taxonomic 

groups;  

(3) To conduct a multiscale analysis of human access to urban greenery by spatially 

applying and assessing the 3-30-300 rule for urban forest management as a proxy for 

access to more-than-human urban spaces;  

(4) To introduce the concept of more-than-human connectivity to assess patterns in 

structural connectivity from the perspective of multiple species (both human and 

nonhuman), and how the various networks overlap and diverge with one another; and  

(5) To synthesize the discrete findings generated from these objectives to contribute to 

scholarship and practice for more-than-human cities. 

 

1.3 Study area 

The work presented in this dissertation largely uses the Canadian city of Halifax, 

Nova Scotia as an illustrative example for demonstrating how methods to explore the 

dynamics of the more-than-human city can be applied, with potential utility for other 

cities. As the capital and largest city in Nova Scotia, the municipality of Halifax stretches 
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across some 5,900 km2 of urban, rural, and undeveloped lands, and is home to 

approximately 440,000 people (Statistics Canada, 2021). In this work, particular attention 

is placed on the cityôs urban core (defined as the area that receives municipal water and 

wastewater services; Halifax Regional Municipality, 2013) and the lands immediately 

adjacent to it, an area covering about 700 km2 with a human population of about 315,000 

(Statistics Canada, 2021). In addition to the human population, the city is also home to a 

multitude of nonhuman animals, such as white-tailed deer (Odocoileus virginianus), 

racoons, snapping turtles (Chelydra serpentina), and pigeons (GBIF, 2024). 

For many thousands of years, the land on which the city now stands has been part 

of Miôkmaôki, the traditional territory of the Miôkmaq people. Known as Kjipuktuk, or 

óthe great harbourô, for thousands of years the area was a rich landscape supporting both 

human and nonhuman populations, including harbour seals (Phoca vitulina), moose 

(Alces alces), and river otter (Lontra canadensis) (McDonald, 2017). The arrival of 

Europeans and the settlement of Halifax in 1749 brought about immense changes to the 

land and its original inhabitants through colonization. In addition to decimating Miôkmaq 

ways of life, the colonialization of Kjipuktuk was detrimental to wildlife populations, 

with many once abundant species (such as those listed above) rarely seen in the city 

today (McDonald, 2017). European colonists also brought new nonhuman animals to the 

region, such as horses and brown rats (Bonnefoy et al., 2008; Dean & Wilson, 2016).  

The landscapes of Halifax, even within the urban core, are highly varied. There 

are residential neighbourhoods of various densities, commercial areas, and mixed-use 

neighbourhoods. Numerous parks and green spaces (e.g., Halifax Public Gardens, Shubie 

Park) are embedded throughout the urban core, and there are several larger protected 
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areas on the outskirts of the urban core (e.g., Long Lake Provincial Park, Blue Mountain-

Birch Cove Lakes Wilderness Area). Halifax is also a coastal city, located along the North 

Atlantic Ocean, with a strong maritime influence on both its social and ecological history. 

The city also has a long industrial and military history that is seen throughout the urban 

landscape, especially in the areas along the harbour (e.g., the container yard, Canadian 

Forces Base Halifax, Imperial Oil Terminal) (Fingard et al., 1999). Halifaxôs status as a 

mid-sized city with a highly varied urban form makes it a good choice as a case-study for 

a more-than-human approach to urban geography that will have applicability to other, 

similarly sized cities.  

 

1.4 Dissertation structure 

This dissertation is composed of four stand-alone analyses (Chapters 2-5) and a 

final summarizing chapter that ties the analyses together (Chapter 6). Chapters 2-5 are 

written so that they may be readily revised as stand-alone papers for potential submission 

for publication, so some repetition of content is expected (e.g., study area).  

In recognition of the contributions that nonhuman animals have made in the 

construction of the city, Chapter 2 explores the philosophical basis and potential 

ramifications for a more-than-human right to the city on the physical, social, and political 

structures of the city. The concept of the more-than-human right to the city provides a 

structure for articulating the rights that urban wildlife ought to have and the 

responsibilities that humans ought to have towards them. Through the disruption and 

dismantling of power imbalances in the urban, the concept gives both humans and 
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nonhumans that are marginalized and oppressed a voice in the urban. It works towards a 

physical design of cities and urban political and governance structures that value all 

urban residents, regardless of species membership.  

Chapter 3 is focused on understanding the spatial dynamics of a subset of human-

wildlife interactions occurring in the urban. Data collected through a nature-based app 

(iNaturalist) are used to better understand when and where interactions with wildlife are 

being recorded. The spatial patterns in the data are revealed through a hotspot analysis, 

which allows for the land-uses that are the most important for (largely) positive human-

wildlife interactions to be identified. Differences in spatial patterns among different 

taxonomic groups as well as different groups of human users are investigated, as are the 

links between the distribution of the data and socioeconomic community characteristics.  

Historical and contemporary socio-demographic, economic, and policy process 

have shaped a heterogenous city landscape where urban more-than-human spaces are not 

evenly distributed. Chapter 4 examines access to more-than-human spaces in Halifax 

with a focus on urban greenery (e.g., trees and parks). Urban greenery is an important 

component of more-than-human cities, serving in part as nature-based solutions to 

combat key challenges facing cities. It is key to supporting the wellbeing of urban human 

residents through the provision of benefits such as cooling, pollution reduction and water 

regulation (Dobbs et al., 2017; WHO, 2016). In response to these factors, Chapter 4 

addresses two key lines of inquiry. First, it maps patterns in human access to urban 

greenery at multiple scales by applying the 3-30-300 rule for urban forest management. 

The goal of the 3-30-300 rule is to ensure equitable access to urban greenery by aiming to 

have at least 3 well-established trees visible from every home, school, and place of work, 
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a minimum of a 30% tree canopy in every neighbourhood, and a maximum of a 300 m 

walk to the nearest public green space from every home (Konijnendijk, 2022). Second, it 

assesses who has (and does not have) access to urban greenery through comparisons of 

the mapped results of the 3-30-300 rule and community socioeconomic factors at the 

census tract level. The relationship between access and socioeconomic factors are 

assessed using both aspatial and spatial statistical methods.  

While wildlife friendly design is critical, the sentiment needs to go beyond the 

piecemeal approach of single sites and consider how the whole city acts as a well-

connected network to support urban wildlife and their unobstructed movements across 

and within the city. As there are networks for human movement throughout urban areas, 

understanding where key corridors for human and nonhuman movement do and do not 

overlap can help in planning and managing cities for multispecies coexistence by 

enhancing positive relationships and reducing conflicts. Chapter 5 introduces the concept 

of more-than-human connectivity as a multidimensional concept concerned with the 

spatial overlap and divergence between the movements of humans and nonhumans in the 

city. The concept is illustrated through the identification and comparison of key networks 

for both nonhuman and human movement. On the human side, networks for three travel 

modes (walking, cycling, and public transit) were created and overlayed. The nonhuman 

side of the analysis considers the potential movements of three nonhuman animal species 

(common eastern bumblebee (Bombus impatiens), spring peeper (Pseudacris crucifer), 

and black capped chickadee (Poecile atricapillus)). Key areas of overlap and diversion 

are identified. 



 

12 

 

Finally, in Chapter 6, the dissertation concludes with a synthesis of the findings 

and a discussion of the key themes and lessons learned through these analyses, and what 

they mean for the future of the more-than-human city in scholarship and practice.  
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Chapter 2: A more-than-human right to the city: 

Advancing the case for urban wildlife and moving 

from theory to practice 

 

2.1 Introduction 

The influential urban studies author and activist, Jane Jacobs, has famously stated 

that ñcities have the capability of providing something for everybody, only because, and 

only when they are created by everybodyò (Jacobs, 1961). Jacobs was referring to the 

need to have people from all walks of life contribute to the city. However, cities are not, 

and have never been, human-only spaces. Humans and nonhuman animals have shared 

space in cities since the very first city. Nonhuman animals are found in accounts of cities 

from throughout history, from antiquity (where nonhuman animals such as donkeys 

(Equus asinus asinus), horses (Equus ferus caballus), and elephants (Loxodonta africana) 

were used for their labour in cities across Ancient Greece and Rome; Thomas, 2017) to 

medieval cities (where nonhuman animals were sometimes put on trial in European cities 

like any other citizen; Girgen, 2003) to the modern era (where many cities have dedicated 

dog parks; Urbanik & Morgan, 2013). Such accounts appear in many different regions 

(e.g., see descriptions of more-than-human relationships in cities in Australia (McKiernan 

& Instone, 2016), Canada (Van Patter, 2021b), India (Srinivasan, 2019), South Africa 

(Hurn, 2015), and the UK (Ginn, 2014)). More-than-human contributions to the 

production of the city ought to be recognized, and this chapter is rooted in the assumption 
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that these contributions, among other factors, warrant an extension of the right to the city 

to nonhuman animals.  

As noted in the introductory chapter, nonhuman animals find themselves in the 

city through a variety of ways (e.g., intentionally brought by humans, surviving the 

urbanization process, being attracted by the resources of the city). No matter the reason 

for their presence in these settings, nonhuman animals have influenced and contributed to 

city as we know it today. For example, the need to have working horses access every 

dwelling to facilitate services such as emptying pit privies and delivering water shaped 

the design of roads and the layout of city blocks in many cities during the nineteenth 

century. Even where working horses are no longer common, their influence can still be 

seen on the design and layout of the urban, especially in older sections of cities like 

Montreal, Qu®bec (Olson, 2017). Though perhaps not as obvious as those under human 

care, urban wildlife2 have also left their mark on city construction and production. For 

example, human health risks associated with some urban wildlife have shaped urban 

planning and policies. Rabies outbreaks in the early 1950s changed how officials in many 

Canadian cities viewed urban wildlife such as red foxes (Vulpes vulpes), coyotes (Canis 

latrans), and striped skunks (Mephitis mephitis), and led to the adoption of policies 

 
2 Urban wildlife, by virtue of their living in cities, are not spatially wild, but they are dispositionally and/or 

constitutively wild (Palmer, 2011). While not directly dependent on a specific human or group of humans 

for day-to-day survival, urban wildlife are generally reliant on anthropogenic resources for food or shelter 

and are thus dependent to some extent on humans. 

Species membership alone does not make a nonhuman animal urban wildlife. For example, rabbits may be 

kept in the city as companion animals, and because they live under the direct care of a specific human(s), 
and have been bred for a specific purpose, they are not urban wildlife. However, other rabbits free-living in 

urban parks or remnant patches of forest would be considered urban wildlife. Similarly, some mountain 

lions (Puma concolor) have taken up residence in cities (like the infamous P-22 in Los Angeles; National 

Park Service, 2021), but are constitutively wildlife, and would thus be classified as urban wildlife, while 

others go their entire lives without encountering the urban.  
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regarding companion animals such as licencing requirements and leash-laws (Colpitts, 

2017; Tabel et al., 1974). Similarly, concerns over diseases (e.g., hantavirus, typhus, 

plague) resulted in policies and systems aiming to limit human exposure to urban rodent 

populations (particularly the brown rat (Rattus norvegicus), black rat (Rattus rattus), and 

house mouse (Mus musculus)). As early as 1909, there were calls for the enactment and 

enforcement of municipal ordinances around the disposal of garbage and rat-proofing of 

buildings, including municipally run garbage collection systems and changes to building 

codes (Lantz, 1909; Lee et al., 2022).  

Just as nonhuman animals have played a role in making the city what it currently 

is and impacted human lives, the urban has shaped nonhuman animals, influencing their 

behaviours and physiology. Urban wildlife have evolved different morphological and 

behavioural traits in cities compared to conspecifics in more rural settings (Johnson & 

Munshi-South, 2017). For instance, since migrating to the urban just a few decades ago, 

the average wingspan of the dark-eyed juncos (Junco hyemalis) in Southern California 

cities has become significantly shorter than those in less-built up areas (Diamant & Yeh, 

2024), a phenomenon that has also been observed in other bird species, including 

European starlings (Sturnus vulgaris; Bitton & Graham, 2015). Shorter wings make it 

easier for the birds to quickly take off (Swaddle & Lockwood, 2003), providing an 

advantage in an urban environment where vehicles and predation from cats (Felis catus) 

pose a major threat (Brown & Bomberger Brown, 2013). For lizards, such as those in the 

Anolis and Liolaemus genera, urban environments have been linked to changes in limb 

and toe length to improve mobility on impervious surfaces (Putman et al., 2019; Winchell 

et al., 2018), as well as fewer and larger scales which leave less skin exposed and less 
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evaporative water loss, an advantage with the urban heat island effect (Putman et al., 

2019). With regard to behavioural adaptations, urban wildlife often exhibit increased 

nocturnality, temporally separating them from the bulk of human activity, a finding 

consistent across mammalian taxa (e.g., red brocket deer (Mazama americana), coyote, 

and tiger (Panthera tigris)), and in cities on all continents (Gaynor et al., 2018). In order 

to be heard above the noise of the city, some birds will raise the pitch of their song in 

urban areas, such as great tits (Parus major; Slabbekoorn & Peet, 2003), blackbirds 

(Turdus merula; Nemeth & Brumm, 2009), and song sparrows (Melospiza melodia; 

Wood & Yezerinac, 2006).While many adaptations and behavioural flexibilities have 

contributed to urban wildlifeôs success, others are more of a double-edged sword. For 

example, increased boldness in raccoons (Procyon lotor) can help them obtain food in the 

urban, but it will also bring them into more contact with humans, raising the chances of a 

human-wildlife conflict which may have lethal consequences (Schell et al., 2021).  

The more-than-human right to the city is a useful concept for articulating the 

rights that urban wildlife ought to have in the city and the correlated responsibilities that 

humans have towards them (Shingne, 2020). It works to disrupt and dismantle power 

imbalances in the urban and gives the marginalized and oppressed of all species a voice 

in the construction of the city, thereby working towards a physical design of cities and 

urban political and governance structures that value and support all urban residents, 

whether they be human or nonhuman. This chapter builds on existing work in more-than-

human urban studies by exploring the more-than-human right to the city in the context of 

urban wildlife and considering what it would take to achieve its realisation in practice.   
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2.1.1 More-than-human right to the city 

Though a false narrative, the idea that cities are a human-only space persists. The 

result being that nonhuman animals are viewed as out of place and as othered in the city. 

This othering, as Shingne (2020) discusses, occurs through two primary means: (i) 

nonhuman animals being viewed as immigrants who do not belong, and (ii) nonhuman 

animals being viewed as tools, effectively denying their sentience. It is through 

countering this othering that Shingne grounds her extension of the right to the city to 

encompass nonhuman animals, but I argue that this is just a starting place, and that the 

concept can also be used to frame human-wildlife relationships in the urban, including 

with those whose presence is generally accepted in the urban (e.g., songbirds). 

In viewing the city as a human-only space, nonhuman animals are painted as 

outsiders who have moved into what is not theirs. The categorization of nonhuman 

animals as unwanted immigrants is often used when the animalsô presence is viewed as 

detrimental to human well-being or when they disrupt the existing community, 

paralleling sentiments often held towards human immigrants. For example, Shingne 

(2020) points to how the house sparrow (Passer domesticus) was described as a 

ñproblemò and a ñmenaceò in late 19th century United States, echoing the language used 

to describe human immigrants at the time (a comparison that still rings true today) (Fine 

& Christoforides, 1991). This type of language is sometimes even applied to those 

nonhuman animals whose presence in a particular place predates the construction of the 

urban. For example, Bateman and Flemming (2012) describe some urban carnivores (e.g., 

red foxes, coyotes) as having ñactively invade[d] city environmentsò (p.2), even if it is 
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the reverse that is actually often true. Many of these nonhuman animals were on the 

landscape first, and had their homes transformed when more humans invaded.  

As mentioned in the introduction, many nonhuman animals are brought into the 

urban to be used by humans, either for their labour (e.g., horses; Olson, 2017) or to be 

consumed as food or other products (e.g., cows used for beef and leather; Atkins, 2012). 

However, treating nonhuman animals as tools to be used effectively denies the moral 

significance of the sentience of these beings. Many nonhuman animals have subjective 

experiences of the world. They have the capacity to feel pleasure and pain and can thus 

be affected by external stimuli positively or negatively. This capacity to have experiences 

goes beyond the simple response to external stimuli and means that, just like humans, 

they have an interest to not suffer and to live (Bentham, [1789], 1982). Sentient 

nonhuman animals have a distinct experience of the world that goes beyond merely being 

alive, and what happens to them matters because it matters to them. As such, just like 

humans, they ought to be considered morally relevant and as not merely a means to 

human ends and so must be thought of as more than tools (Singer, 2011). While our own 

subjective human lens may prevent us from being able to recognize forms of 

consciousness that are vastly different from our own, there are still clear cases of 

sentience in nonhuman animals that we can recognize. It is generally accepted that 

vertebrates, cephalopods, and possibly arthropods are sentient (Birch et al., 2021; Low et 

al., 2012; Proctor, 2012). As the list of nonhumans considered to be sentient has been 

expanding rapidly over the last decade, the precautionary principle ought to be applied to 

guide interactions with nonhumans, and one should err on the side of it being a possibility 

when sentience is uncertain (Birch, 2017; Knutsson & Munthe, 2017).  
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A basic starting point when thinking about how sentient nonhuman animals ought 

to be treated is to ensure that they are treated humanely ï that they are not made to suffer 

needlessly. However, this approach often permits harm and suffering as long as it results 

in some greater good (e.g., medical experimentation on animals to advance critical 

medical knowledge) (Donaldson & Kymlicka, 2011). However, if we are to view animals 

as sentient beings in the same way that we view humans as sentient, then those nonhuman 

animals must be considered subjects of justice and the holders of rights. Like humans, 

they must be afforded those most basic negative rights that cannot be sacrificed for the 

greater good (e.g., the right not to be killed or kept in slavery) (Singer, 2011). To do 

otherwise is to inject arbitrariness into the distribution and recognition of rights, which 

undermines claims to a just society. While some violations are unavoidable (e.g., where 

the rights of one being direct contradict the rights of another), we ought to have a 

mechanism to guide decision making in these conflicts that goes beyond simply 

defaulting to the protection of human interests over those of nonhuman animals. It is in 

this regard that traditional animal rights comes up short (Donaldson & Kymlicka, 2011). 

To fill this gap, there is a need for a system, grounded in rights, for guiding the 

obligations that we have towards one another and the relational duties between species 

living in community. In this chapter, I will argue that the more-than-human right to the 

city is a useful mechanism for considering these relations. It is through countering or 

confronting the status of the óotherô, through their portrayal as the unwanted immigrant or 

the tool to be merely used, that Shingne (2020) extends the concept of the right to the city 

to nonhuman animals. To protect the most vulnerable and marginalized humans in cities, 

the right to the city was originally conceived of as a response to the power grab by the 
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elite and private interests. It aims to shift focus away from property and profit towards the 

actual people living in the urban. It aims to more justly distribute power in the urban 

towards the oppressed and the subordinated so that they may reshape the city and life 

therein in a fundamental and radical manner (Harvey, 2008; Lefebvre, 2000 translated 

from French, original work published in 1968). The fundamental notion is that all 

individuals who live in, experience, and contribute to the city ought to have the ability to 

fully access the resources of the urban they need to thrive and to be able to contribute to 

the decision-making processes that shape life therein. Shingne argues (and I agree) that 

because nonhuman animals occupy the city and are morally relevant in the same ways 

that those humans who are afforded the right to the city, they too ought to hold the right.  

In fleshing out the concept of the right to the city, Marcuse (2009) asks and 

answers three key questions: whose right, what right, and what city. Shingne (2020) uses 

this same approach to develop the more-than-human right to the city, extending the 

concept to nonhuman animal others in the urban. To answer the first question, and define 

who ought to have the right to the city, Marcuse (2009) argues that the right to the city is 

to be afforded to all who reside in the city, though the focus must be on those who do not 

currently have it ï those who are oppressed, alienated, excluded, and otherwise 

occupying an insecure place in the urban. Shingne (2020) contends that this applies to the 

nonhuman animals in the city. Through the illustrative example of street dogs in India, 

she draws parallels between those nonhuman animals who are othered in the urban, and 

the humans who experience similar marginalization (in this case those who live in slums), 

showing how both groups ought to be holders of the right to the city.  
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Regarding the question of ówhat rightô, it is important to understand that the right 

to the city is not a single, definable right. The right to the city is also not an explicitly 

legal right (though both Marcuse and Shingne concede that legal avenues may be critical 

to realizing the right to the city). Rather, it is a moral right that represents an 

amalgamation of multiple rights that together amount to the totality of urban life, 

covering both a physical right to the city (the right to occupy the city and eke out an 

urban existence) and the right to contribute to the construction and development of the 

city (the right to contribute to what Lefebvre referred to as the oeuvre, the collective work 

and life of the city) (Attoh, 2011; Marcuse, 2009). For nonhuman animals, Shingne 

(2020) suggests that the right to the city is composed of three interlinked parts: (i) access 

to spaces and resources; (ii) the ability to self-identify oneôs needs and; (iii) active 

consideration in urban decision making processes. To hold the right to the city is to be 

able to access the physical space that is the urban. In her paper, Shingne (2020) discusses 

how the demoli tion of Indian slums, without viable alternatives, has been used to deny 

othered humans and nonhuman animals (specifically street dogs) the right to the physical 

space of city and to push them further to the margins. It is in this common experience of 

being denied access to urban space that Shingne explores the more-than-human right to 

the city. However, access to urban space is only the first step. It is not enough to simply 

be able to occupy physical spaces in the urban. To hold the right to the city is to use the 

spaces and resources of the city in a manner that allows oneself to thrive, rather than 

simply occupying and engaging with the city in a manner that is acceptable to those in 

power. To illustrate this point, Shingne (2020) points to an example involving street dogs 

in India. Volunteers will sometimes put out food for the dogs, but they often do so 
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without understanding how these animals operate in the urban and how they view urban 

space. The result is that food is often placed in only one packôs territory or on the border 

of two territories, causing aggression and unintended consequences, such as violence 

between packs. The (human) goal of the action was to feed street dogs, but it was done 

without an adequate understanding of how they operate in the world, and not in a manner 

that allows them to move naturally through the city and to utilize the resources of the 

urban on their terms. As Shingne (2020) points out, this highlights the need for more-

than-human approaches to urban planning, and the recognition that the needs and 

interests of all urban residents may not be the same. For the first two facets of the more-

than-human right to the city to be realized for all who should enjoy such a right, 

compromise on the part of all urban residents will be necessary. Thus Shingne (2020) 

adds that there is a third aspect to the question of ówhat rightô: the right to ñactive 

consideration in urban social and political decision-making processesò (p. 9). On this 

front, her stated goal is to soften the human-nonhuman animal divide. She focuses on the 

language used to describe nonhuman animal in the political and legal system, arguing that 

systemic change starts with changing political language, such as updating local 

ordinances and taking cases for a shared urban space to court.  

Shingne (2020) acknowledges that conflict will be an inevitable part of the 

process of realizing the more-than-human right to the city, and that cohabitation and 

conflict are not mutually exclusive states of being. While the right to the city works to 

disrupt power imbalances, it does not mean that all species will have equal 

responsibilities in the more-than-human city. As the primary constructors of the urban, 

humans play an inescapably disproportionate role in shaping the urban experience, and 
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with this role comes duties and responsibilities to the nonhuman members of the urban 

community under an interspecific right to the city. Realizing the more-than-human right 

to the city will also not eliminate all harm and conflict in the urban. Conflict between the 

interests of actors is part of coexistence, a natural part of sharing space whether the actors 

involved are all the same species or not, but the more-than-human right to the city is a 

useful concept for navigating the challenges of a more-than-human city and for finding 

just solutions that do not default to privileging human interests. 

Finally, as to the question of what city, the right to the city can, and should, be 

realized in every city. However, as I have implied in what I have said to this point, it is 

not a right to the city as it currently exists, with its inequities and insufficiencies. Rather, 

it is the right to some future city, the state of which is currently unrealized, but which 

would be constructed by all its residents (Marcuse, 2009). Shingne (2020) contends that 

this also applies to the more-than-human right to the city, and she adds there is no one-

size-fits-all approach to its realization, as each city has a unique assemblage of human 

and nonhuman residents who will get to construct their city to meet their unique needs 

within their unique context.  

As the right to the city is centred around those who are not yet in possession of 

the right, by virtue of their status as being othered, the nonhuman animal óothersô that 

Shingne discusses are a logical starting place for an extension of the right to the city 

beyond humans (Marcuse, 2009; Shingne, 2020). However, explicitly othered nonhuman 

animals are not the only ones that ought to be included in this conversation, and the 

more-than-human right to the city is a useful concept for thinking about the duties and 



 

24 

 

responsibilities that humans have towards urban wildlife, including those that are not 

othered. 

As Palmer (2011) outlines, the spatial and social relationships that humans have 

with nonhuman animals influences what we morally owe them. She contends that these 

relationships can categorize nonhuman animals as either domestic or wild on the basis of 

being entangled with, or separate from, humans (i) spatially (found/not found in close 

proximity to humans), (ii) dispositionally (having/not having been tamed), and/or (iii) 

constitutively (being bred/not bred in a specific manner by humans). Urban wildlife (as 

the term is being used in this chapter), are not óspatiallyô wild as they live in close 

proximity to humans, but they are typically constitutively wild as they were not 

intentionally bred by humans. They also represent a mixed bag when it comes to 

behavioural disposition, with some species having more of a behavioural difference 

compared to their less urban conspecifics, and there is even variation amongst individuals 

of the same species. This spatial and social proximity to humans means that urban 

wildlife have, at least to some extent, a dependence on humans. Said dependence did not 

arise serendipitously. Rather, it was brought about by human activities (Palmer, 2011). 

There thus exists an entanglement between humans and urban wildlife that creates a 

moral responsibility based on past and current human actions (Palmer, 2011). As the 

primary constructors of the urban, humans are largely responsible for the situation in 

which urban wildlife live. In transforming the landscape to create the urban, humans have 

impacted which parts of the landscape wildlife are able to use, and many wildlife that 

find themselves in the urban end up dependent on resources created by humans. In 

closing options for a nonurban existence, humans have created certain obligations 
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towards urban wildlife. By making urban wildlife vulnerable, humans are responsible for 

reducing or eliminating the problems that said vulnerabilities create (Palmer, 2011). The 

more-than-human right to the city is a way to understand and outline the duties that 

humans, as the primary creators of the urban, have towards urban wildlife. I agree that 

Shingneôs (2020) notion that the right to the city ought to apply to nonhuman animals. 

Shingne focused on othered nonhuman animals in general, and this chapter focuses on 

how the more-than-human right to the city ought to apply to urban wildlife3, to advance 

more-than-human thinking in urban geography and work towards a state of multispecies 

coexistence in the city. Subsequently, I will consider what the more-than-human right to 

the city might look like in practice. The three key facets to the more-than-human right to 

the city identified by Shingne (2020) (i.e., access to space and resources, the ability to 

self-identify oneôs needs and, active consideration in urban decision making processes) 

will be examined in turn to explore what the future state of the city might be wherein the 

more-than-human right to the city is realized. 

 

2.2 The right to the city means access to space and resources 

 If urban wildlife are to have the right to the city, they must have the ability to 

access the spaces and resources they require to thrive, both physically and socially. The 

presence and spatial arrangement of resources for urban wildlife needs to be considered 

 
3 The focus here on urban wildlife is in recognition of their unique relationship with the urban amongst 

nonhuman animals in the city. Other urban nonhuman animals (e.g., companion animals and those in 

laboratories or zoos) are also deserving of the right to the city, but their relationship to humans and the 

urban more broadly differs from that of urban wildlife, meaning they ought to be considered in detail 

elsewhere.  



 

26 

 

(at both the broad, city-level scale, and the finer, more site-specific scale), but for any 

design intervention to be effective, there needs to be a willingness on the part of human 

residents to co-exist with their nonhuman neighbours.  

 

2.2.1 Physical access to space and resources 

A key part of realizing urban wildlifeôs right to the city is ensuring that the 

resources they need to survive and thrive are present in the city. City building processes 

over decades or even centuries have produced heterogenous landscapes with various 

microenvironments and infrastructures that in effect support urban wildlife through the 

provision of food, shelter, and other key resources. These can include green spaces, such 

as patches of remnant habitat that have survived the urbanization process (Crooks et al., 

2004; Soga et al., 2014), gardens (Van Helden et al., 2020), cemeteries (Villaseñor & 

Escobar, 2019), neighbourhood parks (Nielsen et al., 2014) and vacant lots (Turo et al., 

2021), but also features of the built environment such as garbage bins (Gross et al., 2012) 

and building ledges (Watts et al., 2015). The complex interplay of various city producing 

forces such as zoning laws, planning policies, development practices, as well as the 

natural geography and topography mean that these resources are not evenly distributed 

across the city. This heterogeneity is often amplified through inequities in the human 

realm created by urban policies fuelled by systemic racism and classism, and their 

legacies (Schell et al., 2020). The result is that some neighbourhoods have both 

underserved human and wildlife populations, creating traps where urban residents cannot 

find the resources they need to survive and thrive over the long term (Kuras et al., 2020; 

Locke et al., 2021; Schell et al., 2020).  
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For example, redlining was a discriminatory practice that systematically denied 

financial services to neighbourhoods with large numbers of racial and ethnic minorities. 

Though the practice has not been official policy for almost 70 years, neighbourhoods that 

were redlined remain, to do this day, poorer, and less served by municipal amenities 

(Rothstein, 2017). Formerly redlined neighbourhoods are also likely to have less tree 

canopy and other vegetation cover, which often coincides with lower levels of species 

richness in birds, mammals, and arthropods (Beninde et al., 2015; T. Gallo et al., 2017). 

Thus, the legacy of redlining is neighbourhoods that are under-resourced for both people 

and wildlife (Schell et al., 2020).The city also looks different through the eyes of 

different beings. Different features on the urban landscape can mean different things to 

different species. For example, as Niesner and colleagues (2021) explain, cemeteries may 

be a place for mourning, a resting place for the dead to many contemporary humans, but 

to the coyote the cemetery grounds may serve as a hunting ground or as a place to find 

refuge from high-traffic streets. To the kestrel (Falco tinnunculus), the presence of old, 

well-established trees may make cemetery grounds a critical nesting place. 

Understanding how different species understand and use different parts of the cityscape 

and the links between design and experience are crucial to understanding the more-than-

human city (Niesner et al., 2021).  

Under an interspecific conceptualization of the right to the city, urban wildlife and 

their basic interests and preferences must be part of urban planning and design decisions. 

Over the past decade, a number of interventions have been put forward to help guide the 

urban design process to better support wildlife at multiple scales (e.g., Apfelbeck et al., 

2020; Beatley, 2011b; Garrard et al., 2018). For example, measures that can be 



 

28 

 

incorporated into urban design to better support songbirds include planting native 

vegetation, especially trees which may act as the host plant for the numerous insects that 

birds feed on (Narango et al., 2017), installing bird friendly glass to help prevent 

collisions (Brown et al., 2019), building nesting boxes to provide a safe space for them to 

raise young (Dulisz et al., 2022), and using directed lighting and other artificial-light -

reducing-strategies to avoid interfering with night migrations (Evans Ogden, 2002). 

Several urban design inventions can be employed to support urban wildlife at multiple 

spatial scales (See Figure 1 for examples). The intentional provision of heterogeneity in 

urban design can also be of benefit as it leads to more variety in habitat resources 

available across a city. This supports urban wildlifeôs right to the city as it gives them 

more options to choose from as agents who can make their own choices and live on their 

own terms.  
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Figure 1. Examples of considerations and design interventions to support urban wildlife 

at multiple spatial scales.  



 

30 

 

Cities are complex systems and design at one scale (i.e., a single property) affects 

patterns and how urban wildlife see the landscape at other scales (i.e., a neighbourhood or 

range/territory). It is thus important to consider spatial patterns of design interventions 

and how individual interventions fit into the broader landscape (Figure 1). It is one thing 

to ensure that spaces and resources for urban wildlife exist, but they also need to be able 

to physically access them under an interspecific conceptualization of the right to the city. 

While what constitutes accessibility is a species-specific or even individual nonhuman 

animal matter, there are some general guidelines that can be followed for increasing 

connectivity amongst resources for urban wildlife and making it easier for them to 

navigate the urban. In particular, there is evidence to suggest that even the smallest of 

urban spaces or even individual buildings can work to enhance connectivity and support 

urban wildlife in navigating the city if designed properly (Carbó-Ramírez & Zuria, 2011; 

Ignatieva et al., 2011). Increasing connectivity amongst resources for urban wildlife may 

involve working to lessen the effects of a barrier (e.g., building a road crossing structure 

over a highway) or targeting underserved neighbourhoods, working to provide supports 

where there are few to none at present. However, care must be taken to ensure that it does 

not enhance existing social inequities in the human realm and result in the displacement, 

exclusion, or further marginalization of people, impacting their right to the city (Gould & 

Lewis, 2017). As Shingne (2020) stresses, the more-than-human right to the city is not 

about setting aside a focus on marginalized humans in favour of nonhuman animals, but 

rather about how efforts to improve the lives of one can be used to improve the lives of 

the other, finding opportunities for multispecies solidarity, and a more just co-existence.  
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No matter the scale, with an interspecific right to the city it is critical to ensure 

that wildlife-oriented design features do not become simply another óbox to tickô in 

development projects (Gedge, 2017), and that they work to support urban wildlife on 

their terms, rather than on how humans would like them to fit into the urban environment. 

This brings up important issues surrounding how to know what wildlife need and how 

they can be considered in urban decision-making processes, issues which will be briefly 

discussed later in this chapter.   

 

2.2.2 Social access to space and resources 

Even the most well thought out wildlife-oriented design interventions will fail 

without support from the local human community (Albro, 2019; Monteiro et al., 2020). 

For a more-than-human right to the city to be realized, it is not enough for the physical 

spaces that urban wildlife require to simply exist. Wildlife  must also be able to safely 

access them, something that obliges humans in the city to accept urban wildlife as 

legitimate members of the urban community.  

Some urban wildlife are already welcomed into the city by humans who find 

some benefit to sharing space with them, such as for the labour they provide (e.g., 

pollinators) or because they bring joy to the people who watch them (e.g., songbirds). 

People may also spend considerable time and resources aiming to intentionally attract 

such wildlife to their residential yards or other properties around the city through features 

like pollinator gardens and bird-feeding stations (Clucas et al., 2015; Wignall et al., 

2019). But not all urban wildlife are welcome within the city. Some are treated with 
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indifference, relegated to the background of the life of the city, either because their 

contact with humans is minimal (e.g., those that are nocturnal in the urban; Gaynor et al., 

2018) or because they are so ubiquitous in the city that humans may view them as simply 

part of the urban fabric, rendering them invisible (e.g., pigeons (Columba livia 

domestica); Nagy & Johnson, 2013), at least until they do something viewed negatively 

(e.g., when pigeons defecate on human property). Still others are actively unwanted by 

humans, their presence in the urban completely resisted. Rats (Rattus sp.) are perhaps the 

quintessential example of this, as they have been vilified for centuries for their 

associations with disease and uncleanliness, which depending on the disease or public 

health threat, is not unreasonable (Nieuwland & Meijboom, 2021). And just as people 

spend a lot of money attracting the species they appreciate, they also spend a lot of 

money trying to eliminate those which they do not. For example, New York City spent 

$32 million (USD) on a plan to reduce rat populations in just three neighbourhoods (City 

of New York, 2017). No matter their current status as welcomed, unwelcomed or 

otherwise, all urban wildlife are deserving of the right to the city under an interspecific 

right to the city conceptualization, as it is not tied to any instrumental basis (i.e., if people 

were to suddenly no longer value bird watching, songbirds would still be deserving of the 

right to the city). However, those who are unwelcomed will require the most attention in 

conversations around realizing the right to the city because they present the most 

challenges.  

Realizing the more-than-human right to the city involves legitimizing the 

presence of all urban wildlife, and viewing them as members of the community, but this 

does not mean that there will be an absence of conflict. Wildlife-wildlife conflict, such as 



 

33 

 

predation, presents a thorny issue, as those who would become prey have no less of a 

right to the city than those who would predate. If we accept that, as the primary 

constructors of the urban humans have certain duties towards urban wildlife, does that 

include an obligation to protect prey and prevent predation? I would argue that it does 

not, as even if it were a logical possibility, in order to prevent predation, one would have 

to prevent the predator from using the resources of the urban in a way that allows them to 

thrive, a violation of their right to the city. The predator would either need to be confined 

or would have to have their very essence altered through an intensive breeding program. 

In either case, it would require a level of coercion and confinement that would undermine 

predatorsô equal right to the city. In both cases, they might also become more, or entirely 

dependent on humans. Additionally, preventing predation would also infringe upon the 

preyôs right to the city as it would undermine their capabilities to navigate their own 

environment and to address the challenges they face, including from predators. The more-

than-human right to the city requires allowing all urban residents to make their own 

choices about how they navigate life in the urban. That being said, such a framing 

highlights the need for urban design to consider connectivity through a multi-species lens 

to ensure that prey do not find themselves boxed into a particular area or overly exposed 

in ways that increase their vulnerabilities. Donaldson and Kymlicka (2011) make this 

argument in regards to wildlife that live on their own ñsovereign territoriesò, but the 

more-than-human right to the city would have us extend it to urban wildlife , who have 

either adapted to having their habitat transformed into city through the process of 

urbanization or who actively chose to move into the urban, or who have turned to the 

urban because of a lack of a more viable option. For these reasons, I will focus on the 
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issue of human-wildlife conflict here, and a reframing or movement towards human-

wildlife co-existence.  

In situations of human-wildlife conflict in the urban (e.g., wildlife getting into 

food or garbage, wildlife being hit by automobile drivers), the first step ought to be an 

interrogation of the situation to understand how human behaviour impacted the situation, 

and if there are options for human behavioural changes that would mitigate the situation 

without violating the right to the city of the relevant humans and nonhumans. For 

example, in a situation where raccoons are getting into garbage cans and creating a mess, 

a solution to the problem would be for humans to stop leaving food out and to secure 

garbage cans so that they are not easily accessible. This solution would mitigate the 

conflict while respecting both the humansô and raccoonsô right to the city. In cases where 

human behaviour cannot be changed to mitigate the conflict, there may be other options. 

While a common response to human-wildlife conflict is for humans to try to exterminate 

the unwanted urban wildlife, or force them to relocate, this would be a clear violation of 

urban wildlifeôs right to the city and undermine their status as legitimate members of the 

community. However, while it may not be as intuitive, deterring urban wildlife from 

accessing certain spaces under certain circumstances would not be a violation of their 

right to the city, though it may be an infringement4. Specifically, when deterrents are 

constructed to protect the health and safety of people and/or urban wildlife it can be 

 
4 The rights afforded by the more-than-human right to the city are not absolutes. There are many situations 
in which the right to the city of one being comes into conflict with the right to the city of another (e.g., 

predation, mice that present a health threat living in a human home). In assessing these conflicts, it is worth 

making a distinction between a violation and an infringement of a right. A violation is an unjustified and 

wrong action against an interest that is protected by a right. On the other hand, an infringement is a justified 

action that can legitimately override a right. For example, in the case of a nonhuman animal that spreads 

disease, it is justified to keep those animals isolated from humans (Beauchamp, 2011). 
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acceptable. For example, though it may be an infringement, preventing rodents from 

accessing food to be consumed by humans would be acceptable as not doing so would 

pose a health risk. However, bird spikes constructed to protect property, not people,  

would not be an acceptable deterrent. However, they could be considered acceptable if 

they are constructed to discourage the accumulation of faeces as that may be a health risk. 

Overall, in an interspecific right to the city, the goal should be to work to address the root 

of any conflict and work towards a more permanent solution, at least where they exist. 

Over the longer-term, building a culture of co-existence, where urban wildlife are viewed 

as neighbours and members of the urban community is essential.  

A critical part of legitimizing urban wildlife in the urban is considering their place 

and role in the social community of the city. As Shingne (2020) argues, a key aspect of 

this is re-evaluating the language used to define human relationships with urban wildlife 

and move beyond language that frames them as the óotherô, as not belonging in the city. 

A much-discussed mechanism for better recognizing urban wildlifeôs legitimacy in the 

urban community is to grant them some form of citizenship, (i.e., Donaldson & 

Kymlicka, 2011). While interspecific citizenship is not necessarily a prerequisite for 

adopting an interspecific right to the city, the model certainly has its benefits, particularly 

in identifying members of a community and in deciding who will gain access to decision-

making spaces (which will be discussed in a later section of this chapter). 
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2.3 The right to the city means individuals are able to self-

identify their needs 

If urban wildlife are to have the right to the city, there must be some way for them 

to self-identify their needs, so that cities may be designed with them instead of merely for 

them (if they have been considered at all). This will require looking for new ways for 

urban wildlife to participate in city building processes, and for humans to approach 

multispecies urban planning and design from a more informed perspective gained 

through careful observation.  

 While they cannot attend a public meeting and take the microphone to tell us what 

they want, urban wildlife reveal their preferences to us on a regular basis. As McKiernan 

and Instone (2016, p. 490) write in regards to the Australian white ibis (Threskiornis 

molucca), ñhow are we to know what is best for the ibis? Luckily, ibis have already 

spoken. Ibis in living-with humans and nonhuman others reveal their desired habitat and 

food sources. What is left is for humans to speak with ibisò (emphasis in original). In 

learning how to speak with urban wildlife, humans can begin to use their lived experience 

to shape urban design decisions. Observing how wildlife use the city at various scales can 

help decision-makers to better understand the linkages between design form and function 

and can be an effective starting place for decision making. While design interventions, 

such as those discussed in the previous section, are important, they are only the first step. 

It is also important to understand how wildlife respond to the cityscape and whether 

designs are functioning as intended.  
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One could make the argument that observing urban wildlife to better understand 

their preferences and inform design decision is not ideal, as they may be doing what they 

must do rather than what they want to do. In other words, the behaviours observed may 

be the result of adaptive preferences and reflect what is necessary for survival in the city 

as it exists at present, rather than some possible alternative state that may be more 

suitable for them or reflective of the individualôs preferred existence. The urban 

environment itself may be compromising nonhuman animalôs ability to make 

independent choices about how they navigate life in the urban and thus their right to the 

city. Thus, there is a need to redress compromising structures and create a city where all 

have the opportunity to thrive in the urban environment. This connects to the point made 

in the previous section about the need to provide heterogeneity in urban planning and 

design under an interspecific right to the city conceptualization. To get a better sense of 

what choices urban wildlife might make under different circumstances, one can look to 

their conspecifics in more rural settings to inspire urban design choices. However, it must 

also be acknowledged that there are differences in behaviours and preferences of urban 

and rural members of the same species (Ritzel & Gallo, 2020; Sugden et al., 2021). Thus, 

insights gained from the behaviour and habitat choices of rural wildlife should only be 

used as inspiration for things to try in urban design. They are not necessarily the end 

solution, as those need to come from the urban individuals themselves, many of whom 

are still adapting to city life. Designing for urban wildlife, much like any other endeavour 

in the city, is a never-ending ñwork in progressò that will change over time, constantly 

adapting to new residents arriving to the city and new residents gaining a voice in the 

city. Individual preferences may also change over time, further highlighting how this is 
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not a one-time only task but rather is a recurring one. Finally, as will be discussed in the 

next section, just because someone expresses a preference, it doesnôt mean that it will end 

up being accommodated ï the more-than-human city requires compromise. 

 

2.4 The right to the city means active consideration in urban 

decision-making processes 

A critical component of the right to the city is to be seen as member of the 

community. As discussed above, this is important to gain access to space and resources, 

but it is also important when it comes to ñbeing heardò in urban decision-making 

processes. As I have already suggested, creating space for urban wildlife in the urban 

political community is essential to realizing their right to the city and building more 

inclusive urban decision-making processes. Such processes will not remove conflict in 

the urban (a point that has been raised multiple times in this chapter). In fact, as the right 

to the city is expanded, conflict may increase. Disagreement is an inherent part of the 

participatory process. The key to the more-than-human right to the city is finding 

solutions to these multispecies conflicts that do not default to the privileging of human 

interests and preferences, while minimizing rights infringements and violations for all 

urban residents.  

 



 

39 

 

2.4.1 Positioning urban wildlife in the urban political system 

A key part of realizing the right to the city is being welcome in the community not 

just socially, but also politically. The right to the city requires being actively considered 

in decision making processes. Although citizenship is not a prerequisite for the right to 

the city (as it is a moral and not a legal right), it can be a helpful concept in identifying 

members of a community, and thus those who should be considered in decision-making 

processes. Thus, citizenship and the expansion of the political and legal system to include 

nonhuman animals and recognize them as belonging in the community (e.g., feral cat 

colonies which may be legitimized as belonging through registration in Toronto; Van 

Patter & Hovorka, 2018) is worth discussing in conversations about the more-than-human 

right to the city. Though not explicitly rights based, welfare-oriented laws are a step in the 

right direction, and ought to be expanded to improve the conditions under which urban 

wildlife live (e.g., recent laws reducing light pollution in New York City to protect birds 

during peak migration times; Nighttime Illumination during Peak Avian Migration 

Periods Law, 2022).  

Of course, the current dominant system that favours human settlement is not the 

only available nor possibly imagined system, and not all re-envisioned urban spaces will 

require citizenship as a prerequisite for inclusion. Many Indigenous ontologies have 

recognized nonhuman animals as beings within their political and legal systems, and 

there have been some recent examples of cases where nonhuman entities have come to 

gain standing in the dominant system via óontological braidingô, where concepts from 

multiple ways of knowing are woven together (Salmond, 2014). For example, in 2021, 

Muteshekau-shipu (otherwise known as the Magpie River) was granted legal rights, 
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including the right to live, exist and flow by the Innu Council of Ekuanitshit and the 

Minganie Regional County Municipality (Conseil des Innu de Ekuanitshit, 2021). These 

same concepts can be applied to urban wildlife to make it easier for them to gain access 

in urban political systems and be more likely to be considered in urban decision-making 

processes. However, it must be noted that these changes to the legal system are recent and 

have not yet been tested in court.  

As Akama and her colleagues (2020) discuss, caution must be taken so as to 

ground any óontological braidingô in place, and to ensure that it is done with the full 

consent of the relevant nation. Without care and serious consideration, the critical cultural 

connections that are essential to such ontologies can be lost, resulting in an incomplete 

picture (Celermajer et al., 2021). Whether it be Miôkmaq traditions on the North 

American Atlantic coast, Cheyenne law on the Great Plains, or MǕori ways of being in 

Aotearoa, it is important to acknowledge and create systems that are reflective of the 

relevant peoples and lands, with the human communityôs involvement and consent. This 

again highlights how every city will have a unique path to the more-than-human right to 

the city, which could also serve as a pathway towards decolonization and could help 

support the right to the city for Indigenous peoples, a group often marginalized and 

excluded in the city (Carli, 2012; Nejad et al., 2019). 

 

2.4.2 More-than-human inclusive urban design 

 If urban wildlife are recognized as having a role in urban decision-making 

processes, the question becomes how can these processes be made more inclusive? The 
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most used strategy for a more inclusive, more-than-human approach to urban design is to 

designate a human spokesperson, often an ecologist or wildlife biologist, to represent the 

interests of urban wildlife (e.g., Apfelbeck et al., 2020; Aronson et al., 2017; Garrard et 

al., 2018; Hess et al., 2014). For example, the City of Torontoôs Green Standard is a set of 

design requirements for new developments which include wildlife-oriented features like 

green roof guidelines, bird collision deterrence, and habitat protection requirements, 

which were all developed in consultation with ecologists (City of Toronto, 2022). There 

are some barriers to the spokesperson approach. These barriers include tangibles like 

funding and clear incentives, but also more significant challenges that come along with 

any interdisciplinary work, such as conflicting values and differences in spatial and 

temporal scales of operation (Kay et al., 2022). Despite these barriers, the approach is 

viewed favourably by many urban ecologists and planners.  

There are also calls for moving towards more inclusive participatory processes 

(e.g., Akama et al., 2020; Clarke et al., 2019; Metzger, 2016). There are already 

precedents for changing participatory processes to be more inclusive. For example, there 

have been efforts to include children in urban planning processes by working 

participation opportunities like building models and writing reflective papers into the 

school curriculum (Derr & Kov§cs, 2017), and to include adults with diminished 

capacities (e.g., those with dementia) in public engagement by offering multiple means 

for engagement such as audio recordings and go-along interviews (Biglieri, 2021; Biglieri 

& Dean, 2022). More-than-human urban design processes would build on such 

approaches and act as natural extensions to acknowledge the agency of urban wildlife and 

their ability to communicate their interests in the urban environment (Akama et al., 2020; 
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Haldrup et al., 2022). More inclusive design processes would work to bring urban 

wildlife to the foreground, positioning them as co-creators in a collaborative process to 

build a better and more equitable city (Haldrup et al., 2022). In working to support the 

more-than-human right to the city, such processes challenge our notion of democracy, 

who participates in it, how they participate, and why they participate (Rice, 2018). The 

óhowô is a particularly salient question and could involve processes and methodologies 

such as attunement or familiarization (e.g., Haldrup et al., 2022), artistic expression (e.g., 

Clarke et al., 2018), technological and media experimentation (e.g., Clarke et al., 2019) 

and/or storying (e.g., McKiernan & Instone, 2016; Van Patter, 2021b). While the human 

frame in urban design processes can never be eliminated (and nor should it, as the human 

part of more-than-human matters), there are ways to listen to other beings and not speak 

over them which can serve to minimize humanistic framings (Houston et al., 2018). 

 

2.4.3 More-than-human conflict resolution 

Whatever the mechanism used to generate more inclusive more-than-human 

design processes (whether it be one of the processes listed above or something else not 

yet imagined), conflict management and resolution must be considered in an interspecific 

right to the city. Vocalizing oneôs preferences in a participatory process is not a guarantee 

that they will be incorporated into the urban. As I have already said, living in community 

inherently involves conflict and, by extension, necessitates compromise as it is 

impossible for all preferences to be realized ï some will surely be in contradiction to one 

another, and it is also reasonable to expect a hierarchy, where basic interests are 
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prioritized over mere wants. Whether it be in the human-only or more-than-human city, 

urban decision-making processes inevitably result in some potential future paths being 

not taken, and some individuals being prioritized in decision making over others 

(Metzger, 2016). The key to the more-than-human right to the city is that the solutions to 

these conflicts do not default to the privileging of human interests and preferences.  

 

2.5 Conclusion 

There is no one, single path that leads to the realization of the more-than-human 

right to the city. Each city will have to forge its own path and develop their own 

mechanisms for inclusive urban design and conflict resolution, unique to their specific 

context, history, and assemblage of beings. The path towards the more-than-human right 

to the city will not be linear ï it will require considerable learning-by-doing and trial and 

error. Nor will the more-than-human city ever be complete. Part of accepting the more-

than-human right to the city is accepting that the perfect, utopian city may never be 

achieved, nor should that be the goal. A city is constantly growing and re-inventing itself, 

its residents, human and otherwise, caught in a perpetual series of negotiations regarding 

the possibilities of the future. This is particularly true in the context of climate change 

which will bring (and already has introduced) new challenges to the more-than-human 

city and new residents (both human and otherwise) who will need to be accounted for.  

The more-than-human right to the city will require shifts in both how cities are 

physically designed and constructed and how wildlife are viewed in the city. It will 

require humans to view wildlifeôs presence in the city as legitimate and their needs as 
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being deserving of consideration in urban planning and design. It will require humans to 

see urban wildlife as part of the community and able to themselves contribute to urban 

decision-making processes, so that we may work towards a place where cities are being 

constructed with urban wildlife, rather than for them (if they are considered at all). The 

more-than-human right to the city is an evolving process, because as new individuals 

(whether they be human or not) gain the right and begin contributing to the construction 

of the city, they change it and prompt new avenues for compromise and change in the 

future. While some ideas on how to get there are outlined in this chapter, the reality is 

that we cannot know for certain what the more-than-human right to the city will look like. 

If the anthropocentric foundations of urban planning and design are disrupted and 

dismantled, there will be major shifts to the physical and social aspects of the city, and 

the result may be far beyond what even the most radical of imaginations can conceive of 

today.  
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Chapter 3: The spatial dynamics of more-than-

human interactions recorded in iNaturalist 

3.1 Introduction 

Nature-based apps (e.g., eBird, iNaturalist) have exploded in popularity over the 

last decade. They act as both a tool to connect people with nature, providing people with 

a space to share their nature observations, and as a source of publicly available, 

georeferenced records of species occurrences (eBird, 2021; iNaturalist, 2021a). Data 

from nature-based apps have been used to support research on a variety of topics in 

ecology and conservation including biotic homogenization (Leong & Trautwein, 2019), 

phenology assessments (Barve et al., 2020), species distribution modelling (Coxen et al., 

2017), migratory connectivity (Vincent et al., 2022) and vegetation mapping (Uyeda et 

al., 2020). Most studies utilizing data from nature-based apps are conducted at broad 

(often continental) scales, which is unsurprising as the data from nature-based apps is 

sporadic and opportunistic, meaning its utility to biodiversity science wanes at finer 

scales (Mueller et al., 2019) unless it is used to augment data collected through other 

sources (e.g., Gaier & Resasco, 2023; Pintar et al., 2024).While the irregularity in data 

uploads across time and space with normal usage of the apps is a disadvantage to 

systematic biological studies (Di Cecco et al., 2021), it can be an asset in other cases, 

especially those related to human interactions with the environment (e.g., Lopez et al., 

2020).  
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In addition to biological data, nature-based apps generate rich human data that 

present opportunities for social science analyses related to place-based, more-than-human 

interactions (Lopez et al., 2020). Although not the result of formal surveys designed to 

answer specific research question(s), data from nature-based apps do contain a record of 

more-than-human interactions (Lopez et al., 2020). While occasional records may be 

inspired by negative interactions, such as those triggered by fear or disgust, they are 

typically a representation of positive more-than-human interactions, wherein something 

positive motivated the user to take a photo or recording and post it to the app. For 

example, the organism might have had an interesting feature, such as bright plumage, it 

might have been the first time the user encountered the species, or the species might be 

rare for the area. Additionally, the user may have also been participating in a community 

science initiative such as a bioblitz. Nature-based apps therefore open new avenues to 

study the spatial dynamics of positive human-wildlife interactions, which are currently 

understudied (Lopez et al., 2020; Soulsbury & White, 2015), as the literature on human-

wildlife interactions tends to be focused on conflict and other negative interactions (e.g., 

Basak et al., 2020; Lukasik & Alexander, 2011; Merkle et al., 2011).  

This chapter examines the spatial and temporal patterns in urban iNaturalist use 

and how these patterns vary between different taxonomic groups and different groups of 

users. It was expected that parks would be important for all taxonomic groups and for all 

human users as landscapes where people may specifically go to interact with nonhuman 

animals. However, it was expected that the type of park that was important would vary 

amongst the different groups, with interactions involving birds expected to be more tied 

to open spaces and human-oriented parks (as was found to be the case in Lopez et al., 
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2020), and those involving mammals, reptiles and amphibians being more tied to parks 

with more natural cover types (based on local knowledge of the area; Nova Scotia Crown 

Share Land Legacy Trust, 2021). It was also expected that more consistent contributors to 

the app would be more likely to record interactions in natural areas as they may be more 

likely to be interested in outdoor recreation activities, such as hiking, that would coincide 

with natural parks, or they may be specifically seeking out species that they would not 

likely encounter on an everyday basis in a densely populated area (Kolstoe & Cameron, 

2017).   

Specifically, this chapter looks at how different land-uses within an urban area 

drive iNaturalist use and how different types of land- uses, including different types of 

urban green spaces, provide potential for more-than-human interactions, and how this 

potential varies amongst different wildlife taxa. Understanding these patterns has 

implications for approaches to city planning that seek to support nonhuman animals 

  

3.2 Methods 

 In this study, research grade observations from iNaturalist were used to better 

understand who is involved with interactions recorded on the app, and when and where 

they are occurring. Research grade observations are those with a date, an unobscured 

geocoordinate, a photo or sound, that are not of a captive or cultivated organism and have 

a community agreed upon identification to the species level (iNaturalist, 2021c). Patterns 

in the data were revealed through a hotspot analysis (Getis-Ord Gi* statistic) as well as a 

comparison of the locations of records to the land-use classes they are found in to better 
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understand the land-uses that are most important for positive human-wildlife interactions 

in urban areas for a variety of taxonomic groups as well as different groups of nature-

based app users.  

 

3.2.1 Study area 

As noted in Chapter 1, Halifax is the largest and capital city in the province of 

Nova Scotia. In this chapter, the cityôs urban core (defined as the area that receives 

municipal water and wastewater services; Halifax Regional Municipality, 2013) plus a 

five kilometre buffer (to capture a wide variety of urban and semi-urban landscapes) was 

used as the study area (Figure 2), an area that covers about 700 km2, with a human 

population of approximately 315,000 (Statistics Canada, 2021).  
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Figure 2. Map showing the different land-use classes across the study area ï the Halifax 

urban core (those communities which receive municipal water and wastewater services) 

plus a five-kilometer buffer. Inset map shows the location of the study area within the 

Halifax Regional Municipality (HRM) and the province of Nova Scotia. 
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3.2.2 Data acquisition 

3.2.2.1 iNaturalist 

iNaturalist is a nature-based app wherein users upload photographs and/or sound 

recordings of their interactions with nature. The nonhuman species recorded are then 

identified by the community on the app. To date, over 220 million observations from all 

over the world have been recorded on the platform by more than 3.4 million users 

(iNaturalist, 2025). For this chapter, all research grade observations recorded over a two-

year period ending on July 31, 2023 within the study area were downloaded. These data 

were then filtered to only include those that represented interactions between humans and 

nonhuman animals (plants, fungi and those of unknown taxa were removed) and were 

classified into six taxonomic groups (Table 1). The data were further filtered to only 

include those with a positional accuracy of 10 m or better (i.e., the typical positional error 

associated with the GPS in most smartphones; Tomaġt²k et al., 2016; Uyeda et al., 2020). 

Finally, to understand which landscapes were the most important to the most individuals 

over the course of the year, data were filtered to include only one record per user, per day, 

per taxonomic group, and per location by removing records within 100 m of any other 

record made by the same user for the same group on the same day.  
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Table 1. Taxonomic groups used to classify human-wildlife interactions recorded in 

iNaturalist, and the classes contained in each group. 

Taxonomic Group Classes Included in Group 

Birds  Aves 

Fish Actinopterygii 

Insects, Arachnids, 

Arthropods and Molluscs 

Insecta, Arachnida, Chilopoda, Collembola, Diplopoda, 

Malacostraca, Maxillopoda, Bivalvia, Gastropoda 

Mammals Mammalia 

Reptiles and Amphibians  Reptilia, Amphibia 

Other  Anthozoa, Ascidiacea, Ascidiacea, Clitellata, 

Gymnolaemata, Polychaeta, Scyphozoa, Tentaculata 

 

3.2.2.2 Land-Use 

Data from the Nova Scotia Forest Inventory (Nova Scotia Department of Lands 

and Forestry, 2016), Nova Scotia Parks and Protected Areas Database (Nova Scotia 

Department of Environment and Climate Change, 2020), Halifax Parks Database (Halifax 

Regional Municipality, 2017a), Halifax Urban Forest Canopy and Halifax Zoning 

Boundaries (Halifax Regional Municipality, 2021) were used to create a land-use map of 

the study area (Figure 2). Seven land-use classes were identified: (1) natural parks (parks 

and protected areas with more than 50% natural cover), (2) natural areas (covered by 

forest, wetlands or rock barrens) that are not in parks or protected areas, (3) human-

oriented parks (parks and protected areas with less than or equal to 50% natural cover), 

(4) residential (properties zoned as residential), (5) roads, (6) water and (7) all other land-

uses (e.g., institutional land-uses such as university campuses and hospitals and 

commercial/retail areas such as downtown). For more detail on how each land-use was 

defined see Appendix I.  
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3.2.3 Data analysis 

3.2.3.1 Understanding user patterns 

 Descriptive statistics were used to understand how many people contributed to the 

dataset, and whether the data used in this study were produced by many people 

contributing a few records each or by a few people contributing many records. As is 

common with user-generated data (Clow & Makriyannis, 2011; Cooper et al., 2011), 

including iNaturalist (Di Cecco et al., 2021) , it was found that more than half of the data 

points were produced by just 1% of users, the analysis described below was conducted on 

both the full dataset, contributed by all users, and on those records contributed by these 

ósuper usersô compared to other users on the platform. To assess whether there was a 

weekend bias or other temporal biases in the data, as has been found to be the case with 

other community science datasets (Courter et al., 2013; Di Cecco et al., 2021), patterns in 

user activity by time of day, day of week, and month of year were also analysed.  

During the period of this study there were four ñbioblitzesò in the study area. A 

bioblitz is a ñcommunal citizen-science effort to record as many species within a 

designated location and time period as possibleò (iNaturalist, 2021b). The 2022 and 2023 

iterations of the City Nature Challenge (occurring in the last weekend of April across 

Halifax) were included, as were the 2021 and 2022 Dalhousie University Bioblitzes 

(occurring in late September on the universityôs Studley campus). Although they can be a 

positive tool for encouraging people to connect with nature, there was concern that the 

targeted location and intense recording effort of a bioblitz could skew the results of this 

analysis. To assess the impact of the bioblitzes on the results, the analyses described 
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below were conducted 1) with and 2) without the inclusion of data produced through 

bioblitzes, as well as 3) for the bioblitz data on its own.  

 

3.2.3.2 Hot spot analysis 

 For each cell in a 10 ha hexagonal tessellation across the study area, the number 

of iNaturalist records were determined for all assessed taxa together, as well as separately 

for each taxonomic group (birds, insects, arachnids, arthropods and molluscs, mammals, 

and reptiles and amphibians; there were not enough datapoints for fish and other 

ñgroupsò to run a robust analysis). The Getis-Ord Gi* statistic (Getis & Ord, 1992) was 

then calculated for each cell in ArcGIS Pro version 3.0.2 (Esri, 2022). The metric 

identifies statistically significant (99% confidence) hot and cold spots where extreme 

values (i.e., those that are very different from the global mean) are concentrated. As there 

was likely to be spatial heterogeneity in the data, the Getis-Ord Gi* statistic was used 

over the Getis-Ord Gi statistic, as the modifier takes into account a spatial weights matrix 

to provide a more robust measure of spatial autocorrelation (Getis & Ord, 1992). 

 

3.2.3.3 Identifying land-uses of importance 

To understand the distribution of iNaturalist observations across different land- 

uses, and to determine whether some classes were more important than others, the 

methods of Lopez et al. (2020) were broadly followed, though they only considered birds 

in their analysis. Specifically, the proportion of observations in each land-use class was 

calculated for each assessed taxonomic group. The proportion of hotspots falling into 
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each land-use class was also calculated (based on the predominant land class of the 

tessellation cells recorded as being a hotspot with 99% confidence in the Getis-Ord* 

analysis). Fisherôs exact tests (fisher.test function in R; version 4.0.3) were then used to 

determine whether the distribution of observations and hot spots by land-use class 

differed from the proportion of each land-use class across the entire study area. For those 

which were determined to be significantly different, post-hoc pairwise Fisherôs tests were 

used to calculate odds ratios (Agresti, 2002) for each land-use class to determine which 

classes were contributing the most to the differences in the overall distributions.  

 

3.3 Results 

A total of 4,853 human-wildlife interactions recorded in iNaturalist were included 

in this analysis (Table 2). These interactions were contributed to the platform by 775 

unique users, who each recorded between 1 and 1010 interactions, with a mean of 6.3 

interactions and a median of 1. The top 1% of contributors (eight users; hereafter referred 

to as ósuper usersô) provided 56% (2,694) of the interactions in this dataset (Table 2). 
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Table 2. Number of research grade iNaturalist records recorded in the study area over a 

two-year period ending on July 31, 2023. The total number of records for each taxonomic 

group is shown, as are the number of records contributed by super users and those 

produced through a bioblitz.  

Taxonomic Group  Number of 

iNaturalist 

Records  

Number of 

Super-User 

Records 

Number of 

Bioblitz 

Records 

Birds  2,417 1,567 712 

Fish  22 13 4 

Insects, Arachnids, Arthropods 

and Molluscs  
1,862 877 463 

Mammals 299 175 54 

Reptiles and Amphibians  219 54 48 

Other  34 8 0 

Total 4,853 2,694 1,281 

 

3.3.1 Timing of recorded interactions 

Most recorded interactions occurred during the middle of the day, with most 

(62%) occurring between 11 a.m. and 5 p.m. Very few recorded interactions (2%) 

occurred at night, between the hours of 10 p.m. and 6 a.m. (Figure 3a). Although it was 

expected there would be a weekend bias in the data (Courter et al., 2013; Di Cecco et al., 

2021), it was not found to be the case (p = 0.3651) (Figure 3b). As expected, in general 

there was more activity on iNaturalist during the summer months compared to the winter 

(Figure 3c), but a more detailed analysis indicated a significant difference (p < 0.01; 

Appendix II) in month-by-month activity between the super users and the rest of the 

users. The super users were found to be more likely to be contributing to iNaturalist in 

the winter, especially in December, January, and February (odds ratios of 2.7, 6.7, and 3.9 

compared to regular users, respectively). Only in September were regular users 

substantially more likely to contribute to the platform (odds ratio 3.04) (Appendix II). 
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Noticeable peaks in the monthly data during April and September point to the influence 

of bioblitz events on data acquired from iNaturalist. In total, there were 1,281 records 

produced through bioblitzes included in this study (26%) (Table 2). When the interactions 

associated with bioblitzes are removed from the dataset, the number of records in both 

April and September are reduced by more than half (Figure 3c).        
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Figure 3. Number of human-wildlife interactions recorded in iNaturalist in the study area 

over a two-year period ending on July 31, 2023, by hour of the day they were recorded 

(a), day of the week (b), and month (c). Numbers of records are shown for all records 

involved in this analysis (i), with the records produced through a bioblitz excluded (ii), 

and only the super users (iii).  
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3.3.2 Hot spots 

Hot spots of human-wildlife interactions recorded in iNaturalist generally 

corresponded with popular parks and protected areas in the study area. This was true for 

all taxonomic groups, users, and with or without bioblitz data. It also included both 

human-oriented parks (e.g., the Public Gardens), and natural parks (e.g., Point Pleasant 

Park) (Figure 4). However, there was a stark difference in the identification of hot spots 

in natural areas within and outside of parks. Natural parks of all sizes were found to be 

hot spots of human-wildlife interactions. Large, protected areas (e.g., Long Lake 

Provincial Park, Sandy Lake Regional Park) were especially important for interactions 

with reptiles and amphibians (Figure 4d), and smaller natural parks embedded in largely 

residential neighbourhoods (e.g., Belchers Marsh Park, Russell Lake Park, Cyril Smith 

Golden Acres Park) were found to be of importance for interactions with all taxonomic 

groups (Figure 4a). Conversely, natural areas outside of parks and protected areas were 

rarely identified as hot spots. Those that were identified tended to be small patches of 

natural cover embedded in largely residential landscapes (e.g., between Woodside and 

Highway 111), or where there is an established trail (e.g., Salt Marsh Trail), and tended to 

be important for interactions with mammals and birds (Figure 4b, c).  

While there were human-wildlife interactions recorded in iNaturalist throughout 

residential neighbourhoods across the city, only a few neighbourhoods emerged as hot 

spots. This included neighbourhoods in both densely populated areas (e.g., downtown 

Halifax and Dartmouth), as well as less dense suburbs (e.g., Glen Moir, Lakeside) (Figure 

4a, b, c).   
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 Removing the records produced through bioblitzes led to changes in where 

hotspots of human-wildlife interactions were occurring. The most significant changes 

were that the hotspots around Dalhousie University (particularly Studley Campus where 

the bioblitzes were located) and the Beechville Lakeside Timberlea (BLT) Trail 

disappeared, but smaller hotspots also emerged in a number of residential areas (e.g., 

Kinsac, Fairmount) and natural parks (e.g., Sandy Lake, Mainland Common) (Figure 4f). 

When examined in isolation, only a handful of hotspots emerged from the records 

produced through bioblitzes, the most significant of which were Dalhousie Universityôs 

Studley Campus, and in natural parks around Lake Banook, Bissett Lake and Hartlen 

Point (Figure 4g).  

 Hotspots of records from super users were much more varied and widespread as 

compared to the rest of the users (Figure 4h). They mainly recorded interactions with 

wildlife in parks, especially in natural parks (e.g., Point Pleasant Park, Belcherôs Park), 

plus a handful of residential neighbourhoods (e.g., Woodlawn, Glen Moir). On the other 

hand, regular users were mainly concentrated in downtown Halifax and Point Pleasant 

Park, with a few smaller hotspots in natural parks elsewhere in the study area (e.g., 

Hemlock Ravine Park, Bissett Lake Park) (Figure 4i). 
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Figure 4. Hot spots of human-wildlife interactions recorded in iNaturalist in the study 

area over a two-year period ending on August 31, 2021. Results are shown for all 

wildlife (a), birds (b), mammals (c), reptiles and amphibians (d), insects, arachnids, 

arthropods, and molluscs (e), all wildlife with bioblitz records excluded (f), all wildlife 

records produced through a bioblitz (g), only records contributed by super users (h), and 

records contributed by non-super users (i).  
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3.3.3 Identifying land-uses of importance 

The distribution by land-use class of both iNaturalist records and hot spots (99% 

confidence) were significantly different than the distribution of land-use classes by area 

across the study area (p value < 0.05), for all taxonomic groups and data breakdowns. 

There were some general patterns in terms of which land-uses were identified as being 

important for recorded human-wildlife interactions. Odds ratios show that for both the 

overall distribution of iNaturalist records and their hot spots, there was a much higher 

proportion of records in both types of parks and protected areas compared to the land area 

covered by them for all taxonomic groups. Natural parks were more likely to be the site 

of a recorded interaction with mammals, and reptiles and amphibians while human-

oriented parks were more important for interactions with birds and wildlife overall. Odds 

ratios for insects, arachnids, arthropods and molluscs were similar for both types of parks, 

but which type of park was found to be more likely to be the site of an interaction 

depended on whether the user was a super user or not, and whether the records were part 

of a bioblitz. Natural areas outside of parks and areas of water were underrepresented in 

both the overall distributions and hotspots for all taxonomic groups. Odds ratios for 

residential areas and roads were generally around 1 (though there are some exceptions 

where bioblitz data is concerned, especially for hotspots), indicating that in general the 

distribution of records in those classes are close to what would be expected based on the 

distribution of those classes across the study area. Other land-uses (e.g., institutional 

spaces such as university campuses, commercial areas) were most significant for the 

insect, arachnid, arthropod and mollusc group. However, as was the case with parks, the 
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importance of these landscapes depended on whether the user was a super user or not and 

whether bioblitzes were included (Figure 5; Tables 3,4).  

When the iNaturalist records produced through bioblitzes were excluded from the 

analysis, there was no significant difference in the land-use classes of importance 

compared to when they were included in the analysis. Although the odds ratios did 

change slightly (Tables 3, 4), they were generally not found to be significantly different 

(p < 0.05). The exception to this were hotspots of interactions with all wildlife (p = 

0.0471). In this case, natural parks were more likely to be a hotspot, while óotherô 

landscapes were less likely (Figure 4, Table 4).  

Looking at the bioblitz records on their own again highlights the importance of 

parks. In this case natural parks were found to be more likely to be the site of a recorded 

interaction than human-oriented parks, except for birds, where the odds ratio for human-

oriented parks was higher. The óotherô category of land-uses was also found to be 

important, especially for all assessed taxa; and insects, arachnids, arthropods and 

molluscs. Residential areas also emerged as important hotspots for some taxonomic 

groups (all assessed taxa; birds; mammals; and insects, arachnids, arthropods and 

molluscs) during bioblitzes (Figure 5, Tables 3,4). For some taxonomic groups, the land-

use-class distribution of records (all assessed taxa; mammals; reptiles and amphibians; 

and insects, arachnids, arthropods and molluscs) and hotspots (all assessed taxa: 

mammals; and insects, arachnids, arthropods and molluscs) were significantly different 

for bioblitz data than the distribution for the full dataset (p < 0.05). The most significant 

differences were found in the insects, arachnids, arthropods and molluscs group, and was 
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primarily due to the óotherô land-use class, likely because of the high number of insects 

recorded in the Dalhousie Bioblitz on Studley campus (Figure 5; Tables 3, 4).  

Super users were found to have significantly different patterns in their distribution 

of contributions to iNaturalist compared to other users for all taxonomic groups (p < 

0.05). Like all users, parks were important landscapes for super users, but super users had 

a higher tendency than other users to be recording interactions in natural parks. Super-

users also exhibited a higher prevalence of records in natural parks compared to human-

oriented parks for every taxonomic group except birds and all wildlife. Compared to 

other users, super users exhibited a lower prevalence of records in the óotherô land-use 

category (Figure 5; Tables 3, 4). 
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Figure 5. Proportion of the area contained in each land-use class in the study area, 

compared to the proportion of iNaturalist observations (a) and their hot spots (b) 

recorded over a two-year period ending on July 31, 2023, for all wildlife, birds, 

mammals, reptiles and amphibians, and insects, arachnids, arthropods and molluscs. 

Results are shown for all records (i), all records excluding those produced by a bioblitz 

(ii), only those records produced through a bioblitz (iii), and only those contributed by 

super users (iv). 
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Table 3. Odds Ratios from the pairwise Fisherôs tests comparing the proportion of 

iNaturalist observations found in each land-use class to the proportion of area occupied 

by each land-use class in the study area with and without the bioblitz records included in 

the analysis, as well as the records produced through a bioblitz and by super users in 

isolation. * p < 0.05  ** p < 0.01  *** p <0.001 

 All Wildlife  Birds 

Land-Use 

All 

Records 

***  

Bioblitz 

Excluded 

***  

Bioblitz 

Only  

***  

Super 

Users 

***  

All 

Records 

***  

Bioblitz 

Excluded 

***  

Bioblitz 

Only     

***  

Super 

Users 

***  

Natural Park 3.41 3.53 2.32 4.13 3.04 3.16 2.68 3.29 

Human-

Oriented Park 
4.41 4.83 2.29 4.41 5.68 6.10 3.56 5.26 

Natural 0.25 0.28 0.25 0.30 0.28 0.28 0.32 0.32 

Residential 1.32 1.49 0.84 1.24 1.16 1.24 1.08 1.24 

Road & ROW 

Corridors 
1.79 1.79 1.48 1.79 1.64 1.48 2.11 1.48 

Water 0.39 0.50 0.23 0.50 0.62 0.72 0.17 0.78 

Other 1.68 1 4.00 0.71 1.49 1.10 2.65 0.90 

         

 Mammals  Reptiles &  Amphibians 

Land-Use 

All 

Records 

***  

Bioblitz 

Excluded 

***  

Bioblitz 

Only  

***  

Super 

Users 

***  

All 

Records 

***  

Bioblitz 

Excluded 

***  

Bioblitz 

Only      

***  

Super 

Users 

***  

Natural Park 4.61 4.37 5.56 4.49 5.68 5.80 5.08 5.20 

Human-

Oriented Park 
2.71 3.14 1.86 1.43 2.29 2.71 1 1 

Natural 0.52 0.55 0.46 0.52 0.37 0.30 0.52 0.64 

Residential 1.49 1.41 2.30 1.98 1.24 1.24 1.24 1.24 

Road & ROW 

Corridors 
1 1.16 0.35 1.32 1.16 1.32 0 0.68 

Water 0.12 0.12 0 0.12 0.17 0.17 0.12 0.34 

Other 0.61 0.71 0 0.31 0.71 0.61 1.68 0.41 

         

 Insects, Arachnids, Arthropods &  Molluscs     

Land-Use 

All 

Records 

***  

Bioblitz 

Excluded 

***  

Bioblitz 

Only      

***  

Super 

Users 

***  

    

Natural Park 3.29 3.77 1.36 5.56     

Human-

Oriented Park 
3.56 3.98 0.55 3.14     

Natural 0.18 0.21 0.12 0.18     

Residential 1.49 1.81 0.12 1.16     

Road & ROW 

Corridors 
2.27 2.59 0.68 2.59     

Water 0.17 0.17 0.28 0.12     

Other 2.16 1 6.91 0.51     
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Table 4. Odds Ratios from the pairwise Fisherôs tests comparing the proportion of 

iNaturalist hot spots (99% Confidence) found in each land-use class to the proportion of 

area occupied by each land-use class in the study area with and without the bioblitz 

records included in the analysis, as well as the records produced through a bioblitz and 

by super users in isolation. * p < 0.05  ** p < 0.01  *** p <0.001 

 All Wildlife  Birds 

Land-Use 

All 

Records 

***  

Bioblitz 

Excluded 

***  

Bioblitz 

Only 

***  

Super 

Users      

***  

All 

Records 

***  

Bioblitz 

Exclude

d ***  

Bioblitz 

Only   

***  

Super 

Users 

***  

Natural Park 1.72 3.29 1 3.16 1.48 1.48 1 1.48 

Human-Oriented 

Park 
2.71 2.71 0 0 2.29 2.29 1 1 

Natural 0.34 0.41 0.14 0.37 0.12 0.12 0.21 0.12 

Residential 2.46 2.71 3.84 1.90 2.38 2.46 2.54 2.54 

Road and ROW 

Corridors 
0.18 0 0.52 0 0.18 0.18 0.52 0.35 

Water 0.38 0.34 0.94 1.60 1.22 1.27 1.16 1.38 

Other 1.87 1 1.87 0.61 2.46 2.36 2.55 2.16 

         

 Mammals  Reptiles and Amphibians 

Land-Use 

All 

Records 

***  

Bioblitz 

Excluded 

***  

Bioblitz 

Only             

*  

Super 

Users  

***  

All 

Records 

***  

Bioblitz 

Exclude

d ***  

Bioblitz 

Only  

 **  

Super 

Users          

*  

Natural Park 2.20 1.96 1.24 2.20 3.16 3.29 2.20 2.32 

Human-Oriented 

Park 
1.86 1.43 0.55 0.55 1.86 2.71 0 1.86 

Natural 0.34 0.43 0.80 0.52 0.55 0.41 0.62 0.77 

Residential 2.30 2.38 2.06 2.14 2.22 2.71 1.81 1.41 

Road and ROW 

Corridors 
0.18 0.18 0.18 0.18 0 0 0.35 0.18 

Water 0.56 0.62 0.56 0.56 0.45 0.34 0.84 0.50 

Other 2.36 2.07 1.78 2.07 1 1 1.58 1.58 

         

 Insects, Arachnids, Arthropods &  Molluscs     

Land-Use 

All 

Records 

***  

Bioblitz 

Excluded 

***  

Bioblitz 

Only       

***  

Super 

Users   

***  

    

Natural Park 1.24 1.48 0 1.60     

Human-Oriented 

Park 
3.98 3.98 0 2.71     

Natural 0.5 0.50 0 0.62     

Residential 3.11 2.71 4.73 2.71     

Road and ROW 

Corridors 
0.18 0.18 1.32 0     

Water 0.34 0.45 0 0.56     

Other 1.29 1.58 3.23 1     
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3.4 Discussion 

 The work presented in this chapter examined the spatial and temporal patterns in 

iNaturalist use in Halifax and how these patterns vary between different taxonomic and 

user groups in order to better understand the spatial dynamics of the more-than-human 

city. General patterns in land-uses identified as important for human-wildlife interactions 

recorded in iNaturalist were that parks (both human-oriented and natural) were highly 

likely to be the site of a recorded interaction and natural areas outside of parks were not. 

However, there were differences in which land-uses were the most important depending 

on which taxonomic group of wildlife was being considered, who the human observers 

were, and whether the records were part of a bioblitz.  

 

3.4.1 Parks: Different taxonomic and user groups produce different patterns 

in nature-based app data 

 Parks emerged as important landscapes for human-wildlife interactions although 

the type of park (human-oriented or natural) most important for facilitating human-

wildlife interactions depended on the taxonomic group of wildlife and characteristics of 

the app users. Human-oriented parks (e.g., sports fields and other grassy areas) were 

found to be very important landscapes for human-wildlife interactions involving birds, 

insects, arachnids, arthropods and molluscs, and for all assessed taxa when considered 

together. However, in the case of all assessed taxa, it should be noted that most (88%) of 

the records either fell into the category of birds or insects, arachnids, arthropods and 

molluscs, so this result is likely be driven by the records in those categories. The 
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importance of human-oriented parks for nature-based app usage is a finding consistent 

with Lopez et al. (2020), who found that open spaces were important for observing birds 

in Chicago. However, here, more than just birds were considered, and it was found that 

the importance of human-oriented parks differs between taxonomic groups. For 

mammals, and reptiles and amphibians, natural parks were found to be more likely the 

site of a recorded human-wildlife interaction. This difference may in part be the result of 

broadly different habitat requirements of different taxonomic groups, though these are 

broad categories of species, and there is certainly some within-group differences in the 

requirements of specific species.  

Super users, those who are most dedicated to contributing to iNaturalist, were 

more likely to be recording their interactions in natural parks compared to any other land-

use (except when it came to birds), and they were more likely than other users to be 

recording interactions in natural areas outside of parks. There are many reasons why this 

may be the case. It may be that super users are also more likely to be comfortable in 

natural areas or interested in outdoor recreation activities, such as hiking, that would 

coincide with natural parks, or they may have a strong interest in wildlife or biodiversity 

in general (or some mix of the two). Super users may also be more drawn to natural parks 

because they are specifically seeking out species that they would not likely encounter on 

an everyday basis in a densely populated area (Kolstoe & Cameron, 2017). An important 

avenue for future research would be to conduct surveys with nature-based app users to 

better understand how and why they are making the choices they do. In addition to better 

understanding how these apps are being used to capture human-wildlife interactions and 

how these apps may be used to facilitate a more-than-human worldview, it would also 
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help to understand the underlying biases in these datasets, improving their utility in 

ecology and conservation science research.  

 

3.4.2 Natural areas within and outside of parks: The role of access in nature-

based app use 

As already noted, there was a stark difference between the importance of more-

than-human interactions recorded in natural areas within and outside of parks in this 

work. Although only comprising 8% of the study area, natural parks were the site of more 

than one-quarter of the recorded interactions (28%; Figure 5). Thus, relative to their area, 

natural parks were highly likely locations for records included in this study, especially 

when mammals or reptiles and amphibians were involved or when recorded by a super 

user (Figure 5; Tables 3,4). On the other hand, natural areas not contained within parks 

cover 44% of the study area yet only accounted for a little over ten percent of the 

recorded interactions (11%, Figure 5). 

Other data sources and expert opinion indicate that natural areas across the study 

area are important habitat for wildlife, regardless of their protected status (Atlantic 

Canada Conservation Data Centre, 2022; Nova Scotia Crown Share Land Legacy Trust, 

2021), just as they are in urban areas elsewhere (Aronson et al., 2014; Beninde et al., 

2015; Ives et al., 2016; Soanes & Lentini, 2019). The finding here of the lower likelihood 

of an iNaturalist record occurring in a natural area outside of a park does not mean that 

wildlife are not in those natural areas; rather, it is that they are less likely to be seen by 

people, and thus less likely to be recorded in iNaturalist. The accessibility of a particular 
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site plays a major role in the likelihood of a human-wildlife interaction occurring, and 

natural areas in parks tend to be easier to access than those outside of parks. Within the 

study area, all natural parks have trail systems that are accessible by foot, car and/or 

transit, but there are few trails outside of parks in natural areas. Furthermore, parks are 

public spaces and therefore legally accessible, in contrast to other natural areas which 

may be privately held or under licensing agreements that limit public access and activities 

on Crown/public lands. That being said, it should also be noted that legally accessible 

does not mean accessible to all, as some people face more barriers to accessing urban 

nature, even in parks, for physical or social reasons (Byrne, 2012; Corazon et al., 2019; 

Perry et al., 2021).  

Even within natural parks, the likelihood of a human-wildlife interaction at a 

particular location is not equal. The more accessible a particular location is, the more 

likely it will be the site of a human-wildlife interaction. A visual comparison of the 

observations in natural parks to trail networks reveals a strong relationship between the 

two (Figure 6). The combination of being good habitat (or at least the best available) and 

attracting nature-seeking people makes recordings of human-wildlife interactions more 

likely, especially if the location is easily accessible for most people.  
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Figure 6. Human-wildlife interactions recorded in iNaturalist in relation to the trails in 

three natural parks in Halifax: Point Pleasant Park, Five Bridge Lakes Wilderness Area 

and the BLT Trail, and Bissett Lake Park.  

 

3.4.3 óOtherô land-uses: Institutional spaces and the role of bioblitzes in 

iNaturalist data 

The óotherô category of land-uses, which included institutional spaces (e.g., 

university campuses, hospitals), and industrial or military areas (e.g., container yard, 

miliary base), was found to be important for human-wildlife interactions, especially 

during bioblitzes. As this land-use class was quite broad, there may be considerable 

variation within this class in terms of importance for more-than-human interactions. 

Future research may want to further break this category down into finer classes. 

Specifically, university campuses (where bioblitzes and other learning activities using 

nature-based apps may occur) and military areas (where civilian access is limited) are 

good candidates for their own classes.  
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More than half (57%) of the interactions recorded in this land-use class were part 

of a bioblitz, of which 94% were on Dalhousie Universityôs Studley campus. Course-

related learning activities (e.g., Niemiller et al., 2021; Unger et al., 2021), and research 

(e.g., Brown et al., 2019; Peplinski & Brown, 2020), and events such as bioblitzes (e.g., 

OôDonnell & Brundage, 2023), make university campuses, including Dalhousie 

University (Gass et al., 2021), the site of frequent iNaturalist use. There is thus potential 

for human-wildlife interactions on campuses, but the highly targeted nature of nature-

based app use on campus highlights the need to be cautious when interpreting this finding 

in the context of broader, city-wide trends. Intense concentrations of data collection are a 

feature of many datasets pulled from iNaturalist (including here), and may be an asset to 

some research agendas (e.g., an inventory of biodiversity), while creating challenges for 

others (e.g., patterns of phenology; Di Cecco et al., 2021). In terms of characterizing 

patterns of human-wildlife interactions, they are both an asset and a challenge. They are a 

representation of real instances and show the potential for certain landscapes to be the site 

of human-wildlife interactions, but they also need to be understood in context. 

Understanding the circumstances under which data from nature-based apps was collected 

is important if it is going to be used in research. To provide the most robust results, it is 

important to understand the spatial and temporal biases in the data. 

In this dataset, most (86%) of the records on Dalhousie Universityôs Studley 

Campus were part of a bioblitz, but even when the records from a bioblitz were excluded, 

this campus still stood out when compared to the other university campuses in the study 

area (none of which hosted a bioblitz during the study period). There were 82 records at 

Dalhousie recorded outside of the bioblitzes, no records on Saint Maryôs University 
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campus, ten at Mount Saint Vincent, and five and seven at Dalhousieôs other Halifax 

campuses (Carleton and Sexton, respectively). This highlights the varied nature of nature-

based app use and suggests that bioblitzes can be an introduction to the platform and 

more regular iNaturalist use. While assessing the motivations of nature-based app users 

and their introductions to the platform was beyond the scope of this work, but they appear 

to be in line with the findings of Meeus et al. (2023), who found that nearly a quarter of 

people whose first introduction to iNaturalist is through a bioblitz continue to be active 

on the platform after the eventôs completion (though they do caution their results are from 

a random sample of users and bioblitz projects, and point out that there is huge variation 

across users and locales). Ohers have found that bioblitzes can act as a spark for gaining 

greater awareness of wildlife in urban environments and in everyday city life, 

highlighting how they can be a tool in building a populace with an understanding and 

appreciation for the non-human residents of the city (Gass et al., 2021; Leong & Kyle, 

2014; Potsikas et al., 2023). However, it should be cautioned that research on this topic is 

still in its infancy, and there is also a lack of knowledge about the diversity of the users 

themselves, which is another important avenue for future research.  

 

3.4.4 Considerations for urban planning: Thinking beyond the park 

 While parks and other protected areas were, as expected, important sites for more-

than-human interactions recorded in iNaturalist, they were not the only landscapes of 

importance. More-than-human interactions are occurring throughout the entire urban 

fabric, suggesting that humans share space with urban wildlife more often than the 

dominant narrative would have us believe, a finding shared by others (e.g., Kretser et al., 
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2008; Niesner et al., 2021). It is thus important to not confine intentional planning for 

urban wildlife to a handful of designated spaces to serve as pockets of nature surrounded 

by the built environment (i.e., parks). All parts of the urban fabric, including residential 

yards and institutional spaces, have a role to play in the support of the more-than-human 

city.  

 

3.4.5 Limitations 

It is important to note that the data used in this study only captures a subset of the 

human-wildlife interactions that occurred in Halifax, and there are many reasons why an 

interaction would not be recorded in iNaturalist. This dataset completely excludes people 

who are not active on the platform, but even avid iNaturalist users are not likely to record 

every interaction they have with wildlife on the platform. For an interaction to be 

recorded on iNaturalist, the user must capture a photo or audio recording of the animal, 

meaning that they must have a working device on them, and they must have a reason to 

use it ï perhaps the organism looks interesting, or the user is unsure of what it is, and 

they want to know more about it. Thus, there are likely many human-wildlife interactions 

involving iNaturalist users that were not recorded. As the motivations for nature-based 

app usage are largely unknown, so too is the degree to which these apps can foster a 

more-than-human worldview, thus representing an important avenue for future research. 

Additionally, while iNaturalist does not publish data on its usersô demographics, like all 

social media platforms, there may be biases in terms of the age, education, gender and/or 

socioeconomic status of its users (Smith & Anderson, 2018), and there is no way of 

knowing what these biases are. Other biases impacting the data include when and where 
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data are being collected (Courter et al., 2013; Kelling et al., 2015; Walker et al., 2017) 

and what species are included in the data (Altrudi, 2020; D. F. Ward, 2014). 

 

3.5 Conclusion 

This chapter examined the spatial and temporal patterns in iNaturalist use and 

how these patterns vary between different taxonomic and user groups to provide insights 

with implications for urban land-use planning. The results of this study show that while 

parks and recreation areas are important for (largely) positive human-wildlife 

interactions, they are not the only urban landscapes that matter. Residential areas and 

institutional spaces such as university campuses are also important and can play a key 

role in building the foundations of strong, positive relationships with urban wildlife. 

However, these spatial patterns were dependent on both the taxonomic and user group 

involved. It also shows that while bioblitzes may be an important gateway tool into using 

nature-based apps and garnering a greater appreciation for urban wildlife, they do have 

the potential to skew broader datasets they are a part of. This is not necessarily negative, 

but it does mean that any research conducted with data garnered from nature-based apps 

needs to take these factors into consideration. Data collected through nature-based apps 

needs to be understood in context ï the how and the why of data collection matters to 

being able to discern patterns and to draw conclusions based on the data. This is an 

emerging field of research, but one that offers a lot of opportunity. Furthermore, this 

study highlights that many users make few contributions to nature-based apps, and a few 

users make many, with the latter group having the potential to drive spatial and temporal 
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patterns in the data, especially, in this case, in winter. This context is important to 

understand, and future research should aim to better understand how and why people are 

using these apps. In addition to providing further insight to positive more-than-human 

interactions, and understanding support for more-than-human values, such research 

would also increase the utility of data derived from nature-based apps to ecology and 

conservation science research.  
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Chapter 4: Understanding spatial patterns in 

human access to urban green space: Mapping the 

3-30-300 rule across Halifax, Nova Scotia 

4.1 Introduction 

A key component to understanding the more-than-human city, especially in an 

equity-forward approach, is to better understand spatial patterns of human access to urban 

greenery (e.g., parks, trees) and how said patterns vary amongst different socio-economic 

factors. It is a critical component to better understanding spatial patterns in human-

wildlife interactions (Chapter 3), where movement patterns for humans and nonhuman 

animals may overlap (Chapter 5), and which humans are more likely to be involved in 

these interactions.  

Urban greenery (e.g., parks, trees) is recognized as being a key component of 

nature-based solutions that can be used to combat some of the key challenges facing 

cities today (Depietri & McPhearson, 2017; Hobbie & Grimm, 2020). Urbanites are at 

greater risk of exposure to unhealthy concentrations of air (Bereitschaft & Debbage, 

2013) and noise (European Environment Agency, 2020) pollutants, and cities are 

susceptible to the impacts of climate change associated with increasingly severe 

precipitation and temperature events (Wahl et al., 2015), such as heat waves (Tuholske et 

al., 2021), which can be amplified by the urban heat island effect (Ramamurthy & Bou-

Zeid, 2017). However, urban greenery is not distributed evenly across cities, meaning 
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their benefits are not distributed evenly, and residents of different neighbourhoods 

receive unequal benefits, and are exposed to different levels of risk. Numerous studies 

have shown that marginalized populations5 often live in neighbourhoods with lower tree 

canopy coverage and fewer green spaces (Locke et al., 2021; Schwarz et al., 2015), 

increasing their health risks to adverse heat effects (Mitchell & Chakraborty, 2015; Zhou 

et al., 2021) and air pollution (Tessum et al., 2019), as well as limiting their more-than-

human interactions. 

Heterogeneity in patterns of urban greenery has led to the development of various 

metrics for measuring and mapping access to green areas (for an overview of some of the 

most common metrics see Ekkel & De Vries, 2017). The 3-30-300 rule, proposed by 

Konijnendijk (2022), combines several metrics to guide planning for equitable human 

access to urban greenery at multiple spatial scales. The rule has three components: (i) a 

minimum of three (ideally well established) trees should be visible from every home, 

workplace, and school; (ii ) at least 30% tree-canopy cover in every neighbourhood; and 

(iii ) a public green space of at least one hectare within a 300 m walk of every home 

(Konijnendijk, 2022; Figure 7).  

This chapter addresses two key lines of inquiry related to access to green space 

across Halifaxôs urban core. The first is to understand patterns of access to green space at 

multiple scales by mapping the 3-30-300 rule across the study area. The second line of 

inquiry seeks to better understand who, among human residents, has access to green 

 
5 Marginalized populations are human populations who experience social, economic, and/or political 

exclusion based on characteristics such as race, ethnicity, gender, sexual orientation, socio-economic status, 

disability, or religion. This exclusion results in these communities being disempowered in their 

communities and limited access to opportunities and ultimately restricts individualôs abilities to fully 

participate in society (National Collaborating Centre for Determinants of Health, 2022). 



 

79 

 

space by examining the relationship between the 3-30-300 rule and socioeconomic 

factors). To my knowledge, this is the first time this rule has been spatially applied and 

assessed.  

 

Figure 7. The 3-30-300 rule is a multiscale approach for assessing human access to 

urban greenery.  

 

4.2 Methods 

 The methods presented here entail two approaches. First, the 3-30-300 rule is 

mapped across the study area to identify patterns of access to green space. Second, the 

relationship between the 3-30-300 rule and socioeconomic factors is examined using a 

local indicator of spatial autocorrelation (LISA).  

 For this analysis, the study area was defined by determining those census tracts 

which have their geographic centre within the Halifax urban core (n = 69) (Figure 8). 

Census tracts were used as a common geographic unit of analysis to allow for 

comparisons between the 3-30-300 rule and socioeconomic characteristics of the 
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population obtained from 2021 Canadian Census (Statistics Canada, 2021). Census tracts 

consist of a population of 5,000 people on average (range of 2,500 to 7,500) and are an 

average of 2.78 km2 (range 0.48 km2 to 19.09 km2).  
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Figure 8. Census tracts contained within the study area. This work was focused on the 

urban core of the Halifax Regional Municipality, defined here as the census tracts which 

have their geographic centre in the urban core ï the area which receive municipal water 

and wastewater services (Halifax Regional Municipality, 2013).  
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4.2.2. Mapping the 3-30-300 Rule 

 Each component of the 3-30-300 rule was mapped across the study area and 

quantified for each census tract. Spatial patterns in these outputs were evaluated using the 

univariate local Moranôs I statistic, a specialized local indicator of spatial autocorrelation                                                                                                                                                                                               

that identifies spatial clusters of extreme values for a single attribute (Anselin, 1995). 

 

4.2.2.1 Seeing 3 well-established trees from every home, workplace, and school 

 For the ó3ô component of the 3-30-300 rule, the amount of canopy within view of 

a building was used as a proxy for the number of trees visible from homes, workplaces, 

and schools in the study area. Building footprints for homes (those on properties zoned as 

residential), workplaces (those on properties zoned as commercial, industrial, 

institutional, or military), and schools were obtained through the Halifax Open Data 

portal (n = 64,712) (Halifax Regional Municipality, 2022a). Viewsheds were determined 

for 10% of buildings in each census tract (n = 6,465). The sample was used because of 

computing restraints and was selected using the Create Random Points tool in ArcGIS 

Pro (v.3.0.2) (Esri, 2022). For the construction of the viewsheds, it was assumed that 

anywhere along the buildingôs perimeter could be a window, and the viewsheds were 

based on a height one metre below the top of the building (i.e., viewsheds were based on 

potential upper floor windows). While this a decision that is in line with similar work in 

the relevant literature (i.e., Cox et al., 2019), it does mean that the calculated viewsheds 

are larger than the actual viewsheds as very few buildings have windows all along their 

top edge. The Viewshed Tool in ArcGIS Pro (v.3.0.2) (Esri, 2022) and a digital surface 

model (DSM) (1 metre resolution; Halifax Regional Municipality, 2018b) were used to 
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determine where lines of sight were obstructed and the total viewshed for each building 

in the sample to a maximum of 100 m from the building. This 100 m cutoff, though 

shorter than the distances humans can see, was used to reduce computing times, and to 

focus on those trees most in view.  

As the ó3ô component of the 3-30-300 rule specifies a preference for well-

established trees (Konijnendijk, 2022, p. 825), the amount of canopy (identified using 

Planetscope imagery) that was at least six metres above the ground and within view 

(based on a canopy height model derived from a DSM and digital elevation model 

(DEM) obtained through the Halifax Open Data portal; Halifax Regional Municipality, 

2018b, 2018a) was used for this proxy. The individual canopy area of a random sample 

of fifty trees across the study area were calculated (sample derived from public trees 

dataset; Halifax Regional Municipality, 2020; more points than necessary were selected 

and points were discarded if they did not coincide with the mature canopy layer), and it 

was found that canopy areas were on average 83 m2. Thus 300 m2 could reasonably be 

used to represent 3 trees, and while this would fit in nicely with the 3-30-300 rule, a 

minimum of 600 m2 was used instead because, as was discussed above, the viewsheds in 

this analysis were larger than they would be in reality. The canopy area within each 

viewshed constructed was determined and the mean canopy area within view was 

calculated for each census tract. Those census tracts where the mean was at least 600 m2 

were considered to have met the ó3ô component of the 3-30-300 rule.  
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4.2.2.2 30: A minimum of 30% forest canopy cover in each neighbourhood 

While there are many ways to define a neighbourhood, here the census tracts were 

used to readily compare results to socioeconomic factors. For the ó30ô component of the 

3-30-300 rule, the percentage of each census tract covered by tree canopy was calculated, 

and those covered by at least 30% canopy were considered to have met this component. 

Tree canopy was identified as vegetation (identified using Planetscope imagery) that was 

at least one metre above the ground (based on a canopy height model derived from a 

DSM and DEM obtained through the Halifax Open Data portal; Halifax Regional 

Municipality, 2018b, 2018a). 

 

4.2.2.3 300: All homes should be within 300 m of a green space that is at least 1 ha in 

size 

The final component of the 3-30-300 rule, ó300ô, stipulates that all residents 

should be within 300 m (proxy for a five-minute walk and in line with World Health 

Organization recommendations; WHO, 2016) of a single green space of at least one 

hectare (Konijnendijk, 2022). A network dataset of roads and trails was generated using 

the street centrelines and trails datasets from the Halifax Open Data portal (Halifax 

Regional Municipality, 2014b, 2022b) and used to determine the network distance from 

all residential buildings (identified as the largest building on properties zoned as 

residential) in the study area (n = 57,767) to the nearest green space. The network was 

constructed to not allow walking on major highways but travel along all other roads and 

trails was permitted. Green space was defined as any space in the parks dataset from the 

Halifax Open data portal (Halifax Regional Municipality, 2017a) as well as any 
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undeveloped area covered by forest, wetlands or rock barrens (Nova Scotia Department 

of Lands and Forestry, 2016). For this analysis, publicly accessible green spaces were 

emphasized, so spaces that have highly restricted access (e.g., Ministry of National 

Defence lands) or require payment to use (e.g., golf courses) were deleted from the 

dataset. For each census tract, the mean distance between homes and green spaces was 

calculated. Those census tracts which were found to have a mean distance of 300 m or 

less were considered to have met the ó300ô component of the 3-30-300 rule.  

 

4.2.3 Relationships between the 3-30-300 rule and socioeconomic factors  

 For each census tract in the study area, key socioeconomic factors (median 

household income, percentage of the population that self-identifies as a visible minority, 

percentage of households that are occupied by homeowners, and the percentage of the 

population with a post-secondary degree) were obtained from the 2021 census (Figure 9) 

(Statistics Canada, 2021). Through both aspatial (ordinary least squares (OLS)) and 

spatial regression models (spatial error model (SEM), spatial lag model (SLM), bivariate 

Moranôs I), the socio-economic factors were compared to the mean area of mature 

canopy within view of buildings (component 3), the percentage canopy cover (component 

30), the mean distance from homes to a green space (component 300), and the number of 

components met. All regression models and spatial statistics were run using GeoDa 

v.1.20.0.36 (Anselin et al., 2022).  
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Figure 9. Distribution of socioeconomic factors at the level of census tract from the 2021 

Canadian Census: (a) median household income, (b) percentage of the population that is 

a visible minority, (c) homeownership rates, and (d) the percentage of the population that 

has obtained a post-secondary degree. All factors are classified using quintile 

classification.  
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 The analysis began with an exploratory regression to assess all possible 

combinations of the candidate explanatory variables using a standard linear regression 

methodology (OLS; Equation 1). Adjusted r2 and Akaike Information Criterion (AIC) 

values were used to assess the strength of the models. The Koenker-Bassett test (Koenker 

& Bassett, 1982) was used to assesses whether the variables have a consistent 

relationship across space, and the Jarque-Berra test (Jarque & Bera, 1987) was used to 

assess whether the residuals were normally distributed. No passing models were found 

using this technique, but the methodology assumes the error terms are independent and 

random. This assumption is not always satisfied in practice, especially where there are 

spatially driven processes in play. Toblerôs First Law of Geography (that everything is 

related to everything else, but that near things are more related than distant things) means 

that the value of a phenomenon observed in one location is influenced by the values 

observed in neighbouring locations (Tobler, 1970).  

 

Ù ɯɼ  ʀ 

Equation 1. Ordinary least squares (OLS) linear regression, where y is the observed 

values of the dependent variable (mean amount of canopy visible from homes, 

workplaces, and schools (the ó3ô component), total neighbourhood canopy (the ó30ô 

component), and the mean distance from a home to a green space (the ó300ô component) 

ὢ‍ are the sum of the values of the explanatory variables (median household income, 

percentage of the population that is a visible minority, homeownership rate, and 

percentage of the population with a post-secondary degree), each multiplied by their 

regression coefficients and ‐ is the random error.  

 

 To assess and account for spatial patterns in the data, two spatial autoregression 

methodologies were used, each of which accounts for a different type of spatial 
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dependence in the data: (i) SEM, and (ii) SLM. SEM incorporates the effects of spatially 

correlated error terms (indicating some unmeasured, spatially correlated explanatory 

variable) into the linear regression model (Equation 2). SLM introduces a spatially lagged 

dependent variable to the linear regression model. This spatial lag accounts for when the 

dependent variable at a given location is affected by the independent variable(s) at both 

the given and neighbouring locations (suggesting a diffusion process where events in one 

place increase the likelihood of similar events in neighbouring places) (Equation 3). For 

these analyses, a queen contiguity matrix was used. Census tracts were considered to be 

neighbours if any segment or vertex of their spatial boundary coincided with any segment 

or vertex of the spatial boundary of the focal census tracts. The resulting SEM and SLM 

models were compared through their AIC and log-likelihood statistics, with the models 

with the higher log-likelihood and lower AIC deemed to be the better fit model. 

Heteroskedasticity (the variance of the residuals) in the models was assessed using the 

Breusch-Pagan test (Breusch & Pagan, 1979). If the results were significant, 

heteroskedasticity is no longer a problem in the model (variance is consistent). The 

likelihood ratio test was used to evaluate the impacts of the addition of a spatial factor 

into the model. A significant result indicated that adding in a spatial fact improved the 

model fit, but it did not completely account for the spatial effect.   
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Equation 2. Spatial Error Model (SEM) where ώ is a nx1 vector of observations of the 

dependent variable,   is a nxK matrix of observations of the explanatory variables, ‍ is a 

Kx1 vector of the regression coefficients, ‐ is a nx1 vector of spatially autocorrelated 

error terms, ὡ‐ is a spatial lag for the errors, ‗ is the autoregressive coefficient, and ό 

is the remaining error term.  
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Equation 3. Spatial Lag Model (SLM) where ὡώ is a nx1 vector of spatial lags for the 

dependent variable (ώ), ′ is the spatial autoregressive coefficient (a scalar parameter 

that indicates the effect that the dependent variable in the neighbouring units have on the 

dependent variable in the focal area),  ‍ is a nxK matrix of observations on the 

exogenous explanatory variables multiplied by a Kx1 vector of regression coefficient 

(  for each ‍), and ‐ is a nx1 vector of normally distributed random error terms.  

  

 Finally, the relationship between the 3-30-300 rule and socioeconomic factors 

may not be geographically linear. In fact, it was assumed that significant spatial clusters 

of extreme values for both access to green space and socioeconomic factors exist across 

the study area. To identify the location and significance of such clusters, a local indicator 

of spatial autocorrelation, bivariate Moranôs I, was applied. The metric is similar the 

univariate local Moranôs I (Anselin, 1995), but it allows for the identification of spatial 

clustering of two variables instead of one (Anselin et al., 2002). As was the case with the 

spatial autoregression analyses, in this analysis a queen contiguity matrix was used to 

define the spatial structure of the data and identify neighbouring census tracts.  
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4.3 Results 

4.3.1 Mapping the 3-30-300 Rule 

 Across the study area, a total of five census tracts (7.2%) met the conditions for 

all three components of the 3-30-300 rule. Two census tracts (2.9%) met none of the 

conditions, 41 (59.4%) met the minimum conditions for just one of the conditions, and 21 

(30.4%) met the conditions for two out of three components. Of those where only one 

component was met, all only met component 3. Where two components were met, the 

most common combination (18 census tracts, 26,1%) was components 3 and 300 (Figure 

10). Overall, it was found that the minimum conditions for component 3 was met in 67 

census tracts (97.1%). Component 30 was met in eight census tracts (11.6%), and 

component 300 in 23 census tracts (33.3%) (Figure 10).  
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Figure 10. Census tracts meeting each component of the 3-30-300 rule, as well as the 

total number of components where the minimum standard is met. 
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 Spatial patterns in the various components of the 3-30-300 rule, as well as the 

overall number of components met, were further elucidated using the univariate local 

Moranôs I statistic. The maps in Figure 11 show where there are statistically significant (p 

< 0.05) clusters of exceptionally high and low access to green space (shown in bright red 

and blue respectively). Clusters of high access to green space were found along the 

northwest arm on the Halifax peninsula side (Figure 8, C5) (the ô30ô and ó300ô 

components, and overall number of components met), as well as in Clayton Park and 

Bedford (the ó3ô and ó30ô components, and overall number of components met). Clusters 

of low access varied across geographic space depending on which component was being 

examined. Clusters of low visible canopy (the ó3ô component), high distances to green 

spaces (the ó300ô component) and low numbers of components met overall were 

concentrated in Dartmouth, from Woodside to Eastern Passage (Figure 8, D5). For the 

ô30ô component (neighbourhood tree canopy cover), the low clusters were along the 

Halifax Harbour on both the Halifax and Dartmouth sides (Figure 8, C4).  

 This analysis also revealed significant (p < 0.05) spatial outliers in these general 

trends, highlighted in Figure 11 (i.e., where there are census tracts with high access to 

green space surrounded by census tracts with low access or vice versa, shown in light red 

and light blue respectively). For example, while communities in Clayton Park and 

Bedford (Figure 8, B3, B4) were generally found to have exceptionally high access to 

green space, there are some outliers, especially when the ó3ô and ó30ô components are 

considered (e.g., the census tracts covering Fairview, and those between the Mainland 

Common and Belchers Marsh Park; Figure 8, B4). On the other hand, while access to 

green space was generally lower across Dartmouth, especially outside of the 
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Circumferential Highway, there are some outliers to this pattern (e.g., in Portland Estates; 

Figure 8, D4).  
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Figure 11. Statistically significant (p < 0.05) local indicators of spatial association 

(clusters and outliers) of access to green space across dissemination areas of the urban 

core of Halifax Nova Scotia. Clusters of high access to green space represent areas 

where there is (a) a lot of established canopy within view of homes, workplaces and 

schools, (b) a high percentage of the dissemination area covered by the urban forest 

canopy, (c) a short distance between homes and green spaces, (d) a high number of the 

components for the 3-30-300 rule being met.  
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4.3.2 Comparison to socio-economic data 

 Linear regression modelling (OLS) did not produce any strong models for 

predicting any of the components of the 3-30-300 rule using the socio-economic factors. 

The strongest linear regression model had an R2 value of 0.14 (component 30 predicted 

based on median household income; Appendix III). The addition of spatial factors into 

the analysis increased model fit in all cases, and in all cases the SEM was the spatial 

autoregression model with the better fit compared to the SLM (Appendix III). The 

addition of a spatial factor also generally removed the heteroskedasticity in the residuals 

(Appendix III). The addition of a spatial factor rectified the spatial issues in the models 

associated with the ó300ô component and the overall number of components met, but 

spatial effects remain with those associated with the ó3ô and ó30ô components. For the 

multivariate analysis, the strongest spatial autoregression model had an R2 value of 0.61 

(component 30 predicted based on median household income, and the percentage of the 

population with a post-secondary education, and the percentage of the population that 

identifies as a visible minority; Appendix III).  
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The relationship between the 3-30-300 rule and socioeconomic factors was not 

geographically linear, and there were statistically significant (p < 0.05) spatial clusters in 

the various combinations of variables, as revealed by the bivariate local Moranôs I 

statistic (Figure 12). For example, the area around the northwest arm, which was 

identified in the univariate analysis above to be a cluster of high access to green space, 

was also found to be a cluster of post-secondary degree attainment, but it was not found 

to have a significant population of visible minorities nor exceptionally high 

homeownership rates or median household incomes. On the other end of the spectrum, 

the area along the Halifax side of the harbour (Figure 8, C4) was found to be a significant 

cluster of low access to green space as well as low median household incomes and low 

homeownership rates. This metric is also useful in identifying areas that go against 

expected trends between access to green space and socioeconomic factors, such as Colby 

Village in Cole Harbour (Figure 8, E4/E5), which was characterized by high median 

household incomes and homeownership rates, a low visible minority population, but also 

low access to green space.  
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Figure 12. Statistically significant (p < 0.05) bivariate local indicators of spatial 

association for access to green space ((a) amount of established canopy within view of 

homes, workplaces and schools, (b) percentage of the dissemination area covered by the 

urban forest canopy, (c) distance between homes and green spaces, (d) number of the 

components for the 3-30-300 rule being met) and socioeconomic factors ((i) median 

household income, (ii) percentage of the population that is as a visible minority, (iii) 

percentage of households that are occupied by homeowners, and (iv) the percentage of 

the population with a post-secondary degree across the urban core of Halifax Nova 

Scotia. Socioeconomic data was obtained from the 2021 Canadian census.  
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4.4 Discussion 

 This chapter addressed two key lines of inquiry related to patterns of access to 

urban green space, as one proxy for more-than-human relationships. First, it represents 

the first instance of mapping the 3-30-300 rule to examine multiscale access to urban 

green space, in this case using Halifax Regional Municipality (HRM) as a case study. 

Secondly, it compared those patterns to socioeconomic factors to better understand who 

has access to green spaces, and who does not.  

Current urban landscapes, including patterns in green spaces, are the product of 

past patterns and processes including development patterns, zoning, and communities. 

This phenomenon is well studied in Canada and the United States, where the legacies of 

past urban policies of class and racial segregation (e.g., redlining; though it should be 

noted that many of these practices continue today, they just exist in different forms) have 

shaped contemporary urban landscape heterogeneity (Schell et al., 2020) as well as the 

patterns of urban tree canopy cover, such as those demonstrated in New York City 

(Grove et al., 2014), Chicago (Fan et al., 2019) and Toronto (Greene et al., 2018), among 

others (Schwarz et al., 2015). A neighbourhood may change (either through gentrification 

or decay), but the long lifespan of trees means that it may take a long time for patterns of 

access to urban greenery to change (especially canopy related metrics such as 

components 3 and 30 of the 3-30-300 rule), affecting all urban residents, human and 

nonhuman. Contemporary patterns of access may be a relic of past community 

characteristics (Boone et al., 2010; Roman et al., 2018). In this work, there was a weak fit 

between contemporary access to urban green space and socioeconomic factors, a finding 
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that was consistent with other research conducted on this theme in Halifax (e.g., Fynn, 

2018). 

The cluster of high-access neighbourhoods in Halifax peninsulaôs south end and 

along the northwest arm (Figure 8, C5) is an area of historic affluence, where much of the 

development (mainly single-family housing) occurred prior to the 1930s (Halifax 

Regional Municipality, 2013). This stability over a long period of time ï older buildings 

with low rates of new development and consistent socioeconomic characteristics ï has 

created the conditions where an extensive tree canopy has been able to develop. As the 

presence of mature trees leads to a demonstrated increase in property values (Anderson & 

Cordell, 1988; Donovan & Butry, 2010), it is reasonable to conclude that this 

exceptionally high access to urban green space may be linked to the elevated property 

values in this neighbourhood, a relationship that goes back over a century.  

The west-end neighbourhood of the Halifax peninsula (Figure 8, C4) exhibits 

similar socioeconomic and zoning characteristics as the south end in the present day, but 

unlike the south end, where residents have access to Point Pleasant Park, there is a lack of 

publicly accessible green spaces in the west end. These two neighbourhoods have 

different histories, with the west end generally being developed later (post-World War II) 

as a primarily middle-class neighbourhood (Halifax Regional Municipality, 2013), but it 

is not their different socioeconomic histories that have resulted in different access levels 

to green space. Rather, the difference is the product of different development patterns. 

Like the south end, the west end has experienced a period of relative stability for the last 

half century, which has allowed the trees in the neighbourhood to develop into an 

extensive, mature canopy. However, the neighbourhood does not include large public 
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green spaces in its underlying structure, and thus it does not meet the ó300ô component of 

the 3-30-300 rule.  

The ó300ô component was a limiting factor to fulfilling the 3-30-300 rule 

throughout the study area. In two-thirds (66%) of neighbourhoods, the mean distance to 

green space was more than 300 m. In most cases, the underlying development structure of 

the neighbourhood will make it difficult (if not impossible) to improve access on this 

front. In some cases (like the west end, described above), there simply are no parks in the 

neighbourhood. In others (e.g., Colby Village neighbourhood in Cole Harbour between 

Morris and Bissett Lakes; Figure 8, E4), the presence of numerous cul-de-sacs and/or 

winding roads increases the distances people must walk to green spaces, so that even if 

parks are present and they are nearby when measured as the crow flies, the ó300ô 

component is out of reach. Such development patterns will make it difficult to change 

this. However, there are other development patterns where the ó300ô component is not 

currently met where change may be possible. When only a single component of the 3-30-

300 rule was met, it was always the ó3ô component (n = 41), indicating that where there 

are mature trees, they are within view of buildings, but that overall canopy is relatively 

low and that there are longer distances between homes and green spaces (if they exist at 

all). In such neighbourhoods, there is generally some feature keeping the canopy low, like 

a commercial area with numerous large parking areas, such as around the Mic Mac Mall 

in Dartmouth (Figure 9, D4) and the Bedford Commons (Figure 9, C2). Such areas may 

represent good targets for future tree plantings or for infill development that could 

include green space.  
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The past and present industrial and military history of Halifax is evident in many 

(though not all) of the neighbourhoods with the lowest access to urban greenery. Much of 

the area along the harbour (Figure 8, C4) is currently being used for industrial or military 

purposes, as it has for much of the cityôs history (e.g., the container yard, Canadian 

Forces Base Halifax, Imperial Oil Terminal; Forward, 1982). However, some of these 

previously industrial sites have been redeveloped for more residential purposes, though 

they have retained their low access to urban greenery that one might expect in an area 

with an industrial history. For example, although smokestacks of the generating station 

still tower over the neighbourhood, much of the rest of Tufts Cove (Figure 8, C4) was 

developed as a working-class neighbourhood in the 1950s (and is still relatively low 

income today), including a military housing complex at Shannon Park (Figure 8, C4). 

While the neighbourhood has not been fully occupied since the closure of the military 

housing in 2004, a recently approved redevelopment plan is expected to revitalize the 

neighbourhood and includes new green spaces (though there are concerns from a social 

justice perspective as affordable housing is being removed) (Halifax Regional 

Municipality, 2023b). Each of these different types of contemporary urban landscapes 

may offer different opportunities to increase access to urban greenery, such as planting 

more street trees or converting parking lots into parks. That being said, one also must 

consider that there is no one right answer to the question of how green a neighbourhood 

ought to be. For example, while increasing urban greenery in a residential area currently 

lacking access will likely be welcome, adding more trees to industrial or heavily 

commercialized areas may be technically possible, but it may not be practicable. Thus, 
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urban greenery rules like the 3-30-300 rule need to be treated more as guidelines rather 

than hard rules that must be met in every part of the city.  

There is also a temporal aspect to consider with the 3-30-300 rule. As discussed 

above, neighbourhoods that have experienced extended periods of relative stability have 

enabled trees to develop into extensive, mature canopies. In the case of newer 

developments, and neighbourhoods where there have been recent changes, trees may be 

younger, and thus smaller, with less developed canopies. For example, in the area north 

of Kearney Lake in Bedford (Figure 8, B3), there is a newer development on the edge of 

a forest (increasing canopy cover and the ó30ô component) which residents can generally 

walk to in under five minutes (thus meeting the ó300ô component). However, the forest is 

not visible within 100 m of most homes, and while the development included street trees, 

they are young and small. Thus, the homes in the development do not currently meet the 

ó3ô component, but likely will in the future once the trees have had time to grow and 

mature. On the flip side, there is a need to think about how to maintain access to urban 

greenery in neighbourhoods where most of the canopy is nearing the end of its lifespan, 

to ensure that neighbourhoods with high access to urban greenery remain so into the 

future (Le Roux et al., 2014; Richards, 1983).  

Finally, it is important to consider the purpose of different green spaces. In about 

a quarter of neighbourhoods (n = 18), the ó3ô and ó300ô components were met, but not the 

ó30ô component. These neighbourhoods tended to have similar characteristics to those 

that only meet the ó3ô component (i.e., wherever there are established trees, they tend to 

be in view of buildings), but they also tend to be adjacent to a neighbourhood with a 

green space (e.g., the neighbourhoods near the Mainland Common, Figure 8, B4), or they 
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contain a green space without a lot of mature trees (e.g., Gorsebrook Park, Figure 8, C5). 

There is a need to consider how surrounding neighbourhoods influence access to green 

space in the target area (i.e., local indices of spatial autocorrelation and multiscale metrics 

like the 3-30-300 rule). However, there are interesting questions around the purposes of 

different urban green spaces that need to be raised. For example, Gorsebrook Park and 

the Halifax Common (Figure 8, C4) are predominantly sports fields and open spaces for 

people to recreate and socialize, which provide benefits and value to the human 

community, while not containing a lot of trees (Palliwoda & Priess, 2021; Roman et al., 

2021). Just as was discussed above in relation to industrial spaces, increasing tree cover is 

not necessarily required in every green space to provide benefits to the human 

community that surrounds them and a high quality of urban life. This highlights the need 

to provide heterogeneity in the urban environment and to include local perspectives when 

planning any urban greening project (Curran & Hamilton, 2012; Kabisch et al., 2022). 

Additionally, as discussed in Chapter 2, the provision of heterogeneity in the urban is a 

key element to supporting nonhuman animals and allowing them to experience life in the 

urban on their own terms. 

Mapping the 3-30-300 rule provided a richer picture of human access to urban 

green space than could be garnered by simply looking at patterns in canopy cover or any 

of the other components on their own. The results of the aspatial and spatial approaches 

employed in this study reveal different patterns in access to green space at multiple 

scales. While there is no strong correlation between access to green space and any of the 

assessed socioeconomic factors at the level of the entire city (i.e., the regression 

analyses), the bivariate Moranôs I shows that this relationship is not linear across space. 
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There are pockets of the city where there is significant overlap in the extremes, and thus 

local level inequities in access to green space. This non-linearity is a function of both 

historical and current socio-demographic, economic and policy processes that have 

manifested across the urban landscape. Although the methods used in this analysis can 

identify where these correlations are occurring in space, it cannot explain how they 

developed. The causation of the local patterns of spatial autocorrelation is most likely 

some factor that is not measured in this study. There is something about these spaces that 

has contributed to these patterns, and understanding how they developed is essential to 

devising strategies to reduce inequities and improve access to urban greenery at multiple 

scales. 

 

4.4.1 Limitations and future research 

 This was the first study, to the authorôs knowledge, that evaluated spatial patterns 

in all three components of the 3-30-300 rule in tandem. While this multiscale approach to 

assessing green space offers benefits and insights that are unavailable when looking at 

one factor in isolation, there are limitations to the methods introduced here, and avenues 

for improvement with future research. Specifically, improvements to the methodology 

used for the ó3ô and ó300ô components could be made.  

 For the ó3ô component, computing and data availability limitations meant that the 

viewsheds were more of an approximation than an exact reproduction. In particular, the 

viewsheds were based on a height of one metre below the top of a given building. This 

approach produced what would essentially be the maximum viewshed for any building, 
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but it is likely that few, if any, buildings come close to this maximum. This approach also 

does not account for buildings with multiple units, and the different viewsheds that 

people living in different units would experience. For example, the viewshed from a 

ground floor would be different than that from a fifth-floor unit, as would units on 

different sides of the building. To improve this modelling, data on the location of every 

window of every building would be needed. As this is unlikely to exist at scale in any 

city, one alternative, as suggested by Konijnendijk (2022) would be a community science 

approach where residents report the number of trees visible from their home. Computing 

limitations led to the decision to cut off the viewshed analyses at 100 m. While this kept 

the focus on those trees that are the most visible, it did mean that some trees that are 

visible from buildings were not included in the analysis. Trees more than 100 m away 

might appear relatively smaller to the viewer, but it is unclear what the relationship 

between distance and the benefits of viewing trees is. This is a topic that requires more 

attention and research in the future.  

 The methodology used to model the ó300ô component likely overestimates the 

amount of access to green space in some neighbourhoods. This is because the network 

used to calculate distance to the nearest green space only restricted walking on highways 

ï all other roads were considered safe to walk along. In other words, it was assumed that 

all roads, except for highways, have a sidewalk that could be walked on. While it is 

known that this assumption does not hold true for all roads in Halifax, a lack of sufficient 

data made this an impossible component to include in the model. Other safety and 

comfort factors (e.g., lighting, shade, sidewalk quality, general feelings of security) which 

would influence a personôs decision to walk in a particular area were not considered in 
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this research. The inclusion of such factors would yield a more robust assessment of 

access to green space, offering additional insight into who does and does not have access 

to green space. Furthermore, the dataset used to construct the network for this analysis 

only containing official roads and trails ï unofficial and private trails, such as desire lines 

and ógoat pathsô are not included. The inclusion of such paths may increase 

measurements of access in certain neighbourhoods.  

 Finally, this chapter was focused solely on human access to urban greenery. While 

a necessary delimitation to manage scope, and still valuable as an indication of human 

access to experiencing the more-than-human city, a similar analysis through a nonhuman 

lens would be a worthwhile future endeavour. The consideration of nonhuman access to 

the urban through a multiscale approach warrants future attention, as does an analysis of 

how human and nonhuman access overlap and diverge at multiple scales.   

 

4.5 Conclusion 

This study built on existing literature by developing a method to spatially assess 

the 3-30-300 rule, thus giving insight into spatial patterns of human access to urban green 

space at multiple scales. Patterns of access to green space were then compared to 

socioeconomic factors using both spatial and aspatial approaches to better understand 

who has access. While no significant correlations were found at the scale of the entire 

city, local indicators of spatial autocorrelation indicate there are pockets of the city where 

significant overlap and local inequities in access to green space exist. This non-linearity 

is a function of both historical and contemporary socio-economic and policy processes 
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that have manifested across the urban landscape, and understanding how these patterns 

developed is essential to developing strategies for improving access to urban greenery at 

multiple scales, a critical factor in building an equitable more-than-human city. This work 

provides a foundation for better understanding spatial patterns in more-than-human 

interactions and lays the groundwork for a multi-scale more-than-human analysis of 

access in the urban.  
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Chapter 5: More-than-human connectivity: 

Assessing potential movement corridors for both 

human and non-human urban residents 

 

5.1 Introduction 

To address the twin crises of biodiversity loss and climate change, many cities 

around the world are turning to nature-based solutions (Hobbie & Grimm, 2020; Nilon et 

al., 2017). Accordingly, there is a growing interest in the intersections between 

biodiversity conservation and urban planning (Blaustein, 2013; Soanes et al., 2019). 

Increasingly, frameworks are being developed that seek to account for nonhuman urban 

residents and visitors in urban planning and design (e.g., biophilic cities (Beatley, 2011a; 

Kellert & Calabrese, 2015), biodiversity sensitive urban design (Garrard et al., 2018), and 

wildlife inclusive design (Apfelbeck et al., 2019, 2020)). Such approaches that frame 

cities as ómore-than-humanô spaces are part of a wider turn in geography and the 

environmental humanities, where the urban is a co-created space, generated by centuries 

of multispecies entanglements (Franklin, 2017; Houston et al., 2018; Sheikh et al., 2022). 

Rather than viewing urban wildlife as ñthingsò that belong ñout thereò, away from the 

human city, more-than-human approaches to urban planning and design recognize them 

as active participants in the built environments (see Chapter 2 of this dissertation for 

more on this topic). Such approaches resist the human-nonhuman binary and the notion 
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that humans and nonhumans ought to be separated in space and emphasize design choices 

that not only accommodate biodiversity in the urban but celebrate it through recognition 

that the human is not the only perspective that matters in urban planning and design.  

Cities are heterogenous landscapes with various microenvironments and 

infrastructures that support urban nonhuman animals through the provision of food, 

shelter, and other important resources. A major source of these resources are urban green 

spaces, such as patches of remnant habitat that have remained intact through the 

urbanization process (Crooks et al., 2004; Soga et al., 2014), gardens (Van Helden et al., 

2020), cemeteries (Villaseñor & Escobar, 2019) and neighbourhood parks (Nielsen et al., 

2014). However, more-than-human approaches to urban planning and design must not 

only consider individual sites, but also the intervening space and how nonhuman animals 

move between key sites such as parks and other urban green spaces ï in other words, they 

need to consider connectivity. While this is increasingly becoming a topic of interest in 

urban ecology and conservation (e.g., Kirk et al., 2023; Toger et al., 2016; Zhang et al., 

2019), little is known about how these networks operate, and particularly how they 

overlap and interact with human patterns of movement. Also of interest is how various 

types and intensities of more-than-human interactions vary across space  - in other words 

there is a growing interest in the intersections between connectivity as a biophysical 

concept (e.g., Crooks & Sanjayan, 2006; Taylor et al., 1993) and as a socio-ecological 

one (e.g., Pyle, 2003; Wilson, 1984). Or, as Hodgetts (2018) puts it, understanding 

connectivity as a multi-disciplinary concept where its individual, disciplinary 

perspectives do not exist in isolation. Rather, they overlap in time and space to strengthen 

one another and enhance our understanding of the world (Hodgetts, 2018). 
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This chapter introduces ómore-than-human connectivityô, a multi-dimensional 

concept concerned with the spatial overlap and divergence between the movements of 

human and nonhumans in the city. It aims to deepen our understanding of how humans 

and nonhumans share space in the urban, and how they exist in more-than-human 

communities. By mapping the movement patterns of both humans and nonhuman 

animals, more-than-human connectivity aims to identify those spaces where humans and 

nonhumans are coming into contact with each other, and thus where there is strong 

potential for multispecies interactions (both positive and negative). It can also be used to 

identify places of divergence, which indicate potential places of refuge for nonhuman 

animals as well as places that are wholly unsuitable for them. While there are multiple 

interpretations of connectivity, here the focus is on structural connectivity, or ñthe degree 

to which landscape facilitates or impedes movement among resource patchesò (Taylor et 

al., 1993). An innovative, wall-to-wall, omnidirectional approach to modelling 

connectivity based on the spatial arrangement of landscape features is used. While 

functional connectivity, the degree to which individuals actually move across the 

landscape (Vogt et al., 2009), is not taken into account, this chapter lays the groundwork 

for future, more functionally oriented, studies. This chapter aims to put forward a general 

model of more-than-human connectivity in order to demonstrate how the concept works 

and lay the groundwork for future, more specific applications.  

Here the concept of more-than-human connectivity will be illustrated to assess 

multispecies patterns in connectivity between urban green spaces in the city of Halifax, 

Nova Scotia. While the concept of more-than-human connectivity in general includes 

areas of both convergence and divergence, here the focus will be on those areas of 
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convergence as representations of areas where more-than-human interactions are highly 

likely, The human aspect of the analysis will focus on movement patterns using three 

modes of travel (walking, cycling, and public transit), and the nonhuman side will look 

through the lens of three species (the common eastern bumblebee (Bombus impatiens), 

spring peeper (Pseudacris crucifer), and black capped chickadee (Poecile atricapillus)). 

The nonhuman aspect of the analysis was also designed to augment the broad scale 

connectivity analysis contained within the Halifax Green Network Plan (HGNP; Halifax 

Regional Municipality & O2 Planning and Design, 2018) and to better understand 

networks for nonhuman movement within the urban core. While the focus here is on how 

the concept applies to the urban landscape, the idea of more-than-human connectivity 

could be applied to other landscapes to better understand the overlap between human and 

nonhuman movements and the potential for more-than-human interactions.  

 

5.2 Methods 

5.2.1 Study area 

This study demonstrates the concept of more-than-human connectivity across the 

city of Halifax. In this chapter, the cityôs urban core (defined as the area that receives 

municipal water and wastewater services; Halifax Regional Municipality, 2013) plus a 

five kilometre buffer was used as the primary study area (Figure 13). To minimize map 

boundary effects (Koen et al., 2010), the connectivity analyses were conducted over an 

area that covered the urban core plus a buffer of 20 km, and then reduced in extent to the 

primary study area (Figure 13). The boundary, or edge, of the study area (i.e., where the 
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analysis stops) will always act as a barrier to movement for model organisms, yet it may 

or may not be the location of a barrier for real organisms. Essentially, the edges on that 

area created by the boundary of the study area are not edges that occur in the real world, 

yet they are treated by the model as if they are real. Therefore, by extending the analytical 

area beyond the intended study area, a better sense of potential movement patterns at the 

study area boundaries can be determined. 
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Figure 13. Map showing the study area for the more-than-human connectivity analysis - 

the urban core of the Halifax Regional Municipality (HRM) (those areas which receive 

municipal water and wastewater services), plus a 5 km buffer. The total area where 

analyses were run (the urban core plus a 20 km buffer) to minimize map boundary effects 

is also shown.  
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5.2.2 Overview of methods 

The methods for human and non-human connectivity are presented separately in 

the following sections. An overview is provided in Figure 14.
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Figure 14. Flow chart overviewing the methods used to demonstrate the concept of more-

than-human connectivity. 
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 5.2.3 Human connectivity 

The human component of more-than-human connectivity was examined by 

looking at patterns of potential movement between urban green spaces (obtained from 

Halifax Regional Municipality, 2017a; Nova Scotia Department of Environment and 

Climate Change, 2024; Figure 13) using three different modes of travel: walking, cycling, 

and public transit. To facilitate connections to the work presented in Chapter 4, green 

spaces were included if they were a minimum of 1 ha in size. Additionally, this choice 

ensured there were green spaces throughout the study area in order to mimic the wall-to-

wall analysis that was used for the nonhuman connectivity analysis.  

For each mode of travel, a network dataset was generated using the datasets noted 

in Table 5 and used to calculate service areas for each green space, up to an area 

approximating one hour of travel for that mode (Table 5). Service area polygons were 

then assigned a connectivity value from 1 (closest to the green space) to 0 (beyond one 

hour of travel time) based on the distance/time interval they represented. These values 

were used to generate a service area raster for each green space, which were then added 

together to create a single raster for each travel mode. For public transit, this was done for 

each of the four day/time combinations (Table 5), which were then added together to 

create the final layer. The raster for each travel mode was then normalized to a common 

scale (0 to 10) and converted to a polyline feature class. To identify key corridors for 

human connectivity across the region, the networks for all modes were combined using a 

kernel density function with a 200 m search radius. To identify discrete corridors from 

this model, the kernel densities were reclassified into two classes (representing high and 

low probabilities of being a corridor) using a natural breaks (Jenks) classification method. 
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The method aims to minimize the variance within each class while maximizing the 

variance between classes (Jenks & Caspall, 1971). The high probability class was then 

identified as the key corridors for human connectivity between green spaces across the 

city.  

Table 5. Datasets used to generate networks and service area calculation intervals used 

in the human connectivity analysis. 

Travel 

Mode 

Datasets Used to Generate 

Network (all obtained via. 

Halifax Open Data Portal) 

Service Area 

Calculation 

Intervals 

Notes 

Walking 

Street Centrelines (Halifax 

Regional Municipality, 2022b) 

 

Trails (Halifax Regional 

Municipality, 2014b) 

300 m (to 

approximate a 5-

minute walk), up to 

3600 m (~ 1 hour 

walk) 

Walking was prohibited 

on highways (including 

on/off ramps) and 

collector roads 

Cycling 

Bike Infrastructure and Suggested 

Routes (Halifax Regional 

Municipality, 2023a) 

1 km (to approximate 

5 minutes of 

cycling), up to 15 km 

(~ 1 hour cycling in 

city) 

Network includes existing 

bike infrastructure (e.g., 

sharrows, painted bike 

lanes, protected bike 

lanes, multi-use pathways) 

and suggested bike routes 

based on the Active 

Transportation (Halifax 

Regional Municipality, 

2014a) and Integrated 

Mobility (Halifax 

Regional Municipality, 

2017b) Plans.  

The topology of the 

dataset was manually 

fixed to ensure a network 

dataset could be 

generated. 

Public 

Transit 

Generalized Transit Feed 

Specification (GTFS) (Halifax 

Regional Municipality, 2023c)  

 

Street Centrelines (Halifax 

Regional Municipality, 2022b) 

5 minutes of travel 

time, up to 1 hour of 

travel 

Transit service areas were 

calculated for both non-

holiday weekday and 

Sunday service schedules, 

during both peak (7:30 

a.m.) and off-peak (2:30 

p.m.) hours.  
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5.2.4 Nonhuman connectivity 

For the nonhuman element of more-than-human connectivity, the potential 

movements of three species (the common eastern bumblebee, spring peeper, and black 

capped chickadee) were considered. The species were chosen for their known abilities to 

survive in urban areas and because they favour different types of habitats within urban 

ecosystems (open spaces, wetlands, and forest respectively). For each species, a 

cost/resistance surface was developed at five metre resolution (Figure 15; See Appendix 

IV for more details as to how the surfaces were created as well as the specific 

cost/resistance values associated with each land-cover type), which was used to identify a 

network of least-cost paths between green spaces (Sawyer et al., 2011), and in an 

omnidirectional connectivity analysis (Mcrae et al., 2016). For consistency, green spaces 

were defined in the same manor for both the human and nonhuman components of this 

work.  

Omnidirectional patterns of structural connectivity through the lens of the three 

study species were assessed using Omniscape (Anantharaman et al., 2020) and the same 

five metre resolution cost/resistance surfaces as the analysis described above. Omniscape 

is the newest application of the Circuitscape algorithm, which models landscape 

connectivity using electric circuit theory, treating the landscape as a resistance surface, 

where areas associated with easy movement have low resistance and barriers have high 

resistance (Shah & McRae, 2008). The resulting patterns of current flow help to identify 

locations with diffuse (low current) and more concentrated (high current) potential for 

movement. It is a particularly useful tool for identifying pinch-points, where flow 

concentrates over a narrow area, and where the loss of even a small amount of habitat 
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could compromise larger connectivity networks (Dickson et al., 2019). To date, 

Omniscape has been applied to large-scale connectivity conservation work (e.g., Belote et 

al., 2022; Cameron et al., 2022; J. Gallo et al., 2019), as well as on a smaller scale to 

assess the connectivity of urban open spaces (Choe & Thorne, 2019). Omniscape builds 

on recent efforts to create wall-to-wall connectivity mapping techniques which have 

relied on a tiling approach and the passing of current through each of the four cardinal 

directions, then summing the results (e.g., Cunningham et al., 2020; Pelletier et al., 2014). 

Instead of a tiling approach, Omniscape employs a moving window, which in this work 

was sized based on the dispersal capabilities of the species. The r-cutoff (the maximum 

resistance value that can be considered a source cell), was equivalent to the maximum 

resistance considered to be the ideal habitat of the species (Appendix IV). For all three 

Omniscape runs, a block size of 25 pixels was used to coarsen the source strength raster 

to increase computation speeds without losing accuracy (Anantharaman et al., 2020). 

The common eastern bumblebee was included in this analysis for their preference 

for open green spaces, such as open fields, residential yards, and road verges. The species 

is also known to nest in underground cavities, generally near trees and woody shrubs 

(Lanterman et al., 2019). In an urban environment, work conducted by Conflitti and 

colleagues (2022) in Toronto indicates that their habitat preferences are associated with 

forest edges, city parks and residential neighbourhoods, whereas they typically will avoid 

areas with a high density of impervious surfaces. Thus, the lowest resistance values used 

in this analysis were associated with road verges, parks and open space, residential yards, 

and agricultural areas within 25 m of a tree. Highest resistance values were associated 



 

120 

 

with water, roads and other impervious surfaces that are more than 10 m wide 

(Bhattacharya et al., 2003) (Figure 15a; Appendix IV).  

To act as a representative for the wetland environment, the spring peeper was 

selected. They breed in woodland ponds and wetlands, and then move to wet, forested 

areas where they spend much of the summer in the leaf litter (ORRA, 2023, p. 84). The 

spring peeper is also sensitive to the presence of roads and other impervious surfaces 

(which were assigned the highest resistance values), and are most likely to be associated 

with wetlands with less than 30% impervious surfaces in the surrounding area (and thus 

given the lowest resistance values in this analysis) (Hutto & Barrett, 2021) (Figure 15b; 

Appendix IV).  

The black-capped chickadee was included to represent forest-oriented wildlife, as 

the bird will generally not stray more than 25 m from trees, and is rarely found more than 

50 m away (St. Clair et al., 1998). They also have a preference for deciduous and mixed-

wood forests (defined in Nova Scotia as those stands with less than 25% coniferous 

forests, and between 25 and 75% coniferous forests respectively; Neily et al., 2011). 

Roads and other impervious surfaces act as barriers, with resistance increasing with road 

width and traffic volume (Perkins, 2017). Thus, the highest resistance values were 

associated with impervious surfaces and areas beyond 50 m of trees, and lowest with 

forest patches (Figure 15c; Appendix IV). 
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Figure 15. Cost/Resistance surfaces used in the nonhuman connectivity analyses for the 

(a) common eastern bumblebee (Bombus impatiens), (b) spring peeper (Pseudacris 

crucifer), and (c) black capped chickadee (Poecile atricapillus). Cost/Resistance values 

range from low (0-5) to high (501-1000), with higher values indicating greater 

cost/resistance. 
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Using each speciesô cost surface, the Optimal Region Connections tool in ArcGIS 

Pro (v. 3.1.3) was used to identify both the optimal network of least-cost paths 

connecting all green spaces involved in this study (the core network) and the least-cost 

paths between green spaces with neighbouring cost regions (using the connections within 

regions function; the neighbourhood networks). No barrier feature data was used as 

barriers were incorporated into the cost surfaces, and, as the analysis was local in scale, 

planar distances were used (i.e., the curvature of Earth was not accounted for). To 

identify overlap in the networks of least-cost paths for all nonhuman species, and to 

identify a more general network for their movement, a kernel density model (200 m 

search radius) was applied. The kernel densities were then reclassified into two classes 

(representing high and low probabilities of being a corridor for all species) using a natural 

breaks (Jenks) classification method, where the higher classes were then identified as the 

core and neighbourhood networks for nonhuman movement. These corridors were then 

overlayed and compared to the ecological corridors identified in the HGNP (Halifax 

Regional Municipality & O2 Planning and Design, 2018).  

 

5.2.5 More-than-human connectivity: Areas of Convergence 

 The key corridors for human connectivity were intersected with the core and 

neighbourhood networks for nonhuman connectivity to identify important areas for 

potential more-than-human interactions in the city. These areas of overlap were compared 

to the urban core using a chi-square test of independence in terms of land-use (based on 

the classification generated in Chapter 3; See Appendix I for details on its delineation) 

and tree canopy cover (based on the tree canopy cover generated in Chapter 4). 



 

123 

 

Additionally, the results of the omnidirectional connectivity analyses were compared to 

these key areas of overlap to determine whether these areas of more-than-human 

connectivity generally represented pinchpoints or areas of more diffuse flow for 

nonhumans.  

 

5.3 Results 

All three modes of human travel produced similar patterns, with the Halifax 

peninsula, particularly the central portion, and downtown Dartmouth producing the 

highest values, and the exurbs and industrial areas such as Burnside the lowest values. 

Combining all three modes of travel yielded a similar pattern and identified some key 

corridors for human movement along main roads on the Halifax peninsula (e.g., Robie 

Street, North Street, Connaught Avenue) and in downtown Dartmouth (e.g., Ochterloney 

Street, Pleasant Street) (Appendix V). The key areas identified for human connectivity 

covered much of the urban core and, like the individual modes of travel, is most 

concentrated on the Halifax peninsula and downtown Dartmouth ï the most densely 

populated portions of the city and where there are numerous roads and green spaces with 

multiple points of entry. The key areas then become patchier as the location becomes 

more suburban and exurban, as well as more industrial (Figure 16).  
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Figure 16. Areas identified as being of high importance for human connectivity via 

walking, cycling and public transit between green spaces in the Halifax Regional 

Municipality. Networks for the individual modes were combined using a kernel density 

with a 200 m search radius. The areas of high importance shown here were identified by 

reclassifying the kernel density model into two classes (representing high and low 

probabilities of importance for all three travel modes) using a natural breaks (Jenks) 

classification method.  
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To complement the HGNP, core and neighbourhood networks of least-cost paths 

for three previously mentioned nonhuman species (the common eastern bumblebee, 

spring peeper, and black capped chickadee) were generated and combined using a kernel 

density model. The model estimated the probability of corridors across the landscape 

based on the density of these least-cost paths, producing a surface of probabilities of a 

corridor occurrence across the landscape. The highest probabilities were demarcated as 

networks for nonhuman connectivity (Figure 17; Core and Neighbourhood Networks for 

all species can be found in Appendix V). The core and neighbourhood networks identify 

potential paths for these non-human species movements through the urban core, which 

was considered homogenous in the coarser scaled HGNP analysis. Where they exist, 

these networks follow narrow, linear green spaces in the urban core (e.g., the BLT, 

Mainland Common and Chain of Lakes trails). Outside of the urban core, there is a fair 

amount of alignment between the networks generated in this analysis and the HGNP 

(Figure 17).  
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Figure 17. Core and neighbourhood networks identified of nonhuman connectivity 

compared to the important and essential corridors identified in the Halifax Green 

Network Plan. The networks were identified by first identifying the optimal network of 

least-cost paths connecting all green spaces involved in this study (the core network) and 

the least-cost paths between green spaces with neighbouring cost regions (the 

neighbourhood networks) for common eastern bumblebee (Bombus impatiens), spring 

peeper (Pseudacris crucifer), and black capped chickadee (Poecile atricapillus) 

(Appendix VI). A kernel density model was then used to identify the overlap in the 

networks of all three species with a 200 m search radius (Appendix VI). The networks 

shown here were identified by reclassifying the kernel density model into two classes 

(representing high and low probabilities of being a corridor) using a natural breaks 

(Jenks) classification method (shown here).  
















































































































































