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Abstract

The natural environment and habitats
around the city were disturbed due to
urban growth, resulting in a reduction in
biodiversity. Not only do humans migrate to
cities to search for a better life, but certain
wildlife also adjust their behavior and adapt
to urban environments. City life provides
"fast food" and shelter for wildlife, but due
to the built environment and pressure from
human activity, urban life is difficult for them.
Urban wildlife could aid in the recovery and
increase of urban biodiversity, providing
numerous benefits such as aesthetic value
and cures for mental health issues. However,
there are human misunderstandings and
concerns that wildlife brings disease, injury,
and property damage.

Making common ground for human-wildlife
coexistence in the urban area is the topic of
this thesis. The thesis aims to understand the
relationship between the city, ecosystem,
humans, and wildlife, as well as how they
interact and influence one another, as well
as to promote interaction and connection
between humans and wildlife, and foster
mutual trust. The research for design
method was adopted. This thesis is built
on the Social-ecological Urbanism theory
and is guided by the principles of Landscape
Ecology and the theory of Animal-Aided
Design. The thesis analyzed the green
network in Gothenburg's central urban area

to understand the ecological connectivity
and how the green mosaic functions as
a system. The red fox has been selected
as the keystone animal, and to research
the critical needs of the red fox and then
analyze suitable locations from the red fox's
perspective in Gothenburg's central area.
A series of essential sites for habitats were
identified, followed by recommendations
for rethinking and transformation to offer
habitats for urban animals to survive and
thrive and achieve the purpose.

Urban green infrastructure is essential for
urban wildlife to thrive. As a result, when
we are in the position of urban planning, we
should have a holistic and systematic view,
understand how the green infrastructure
functions as a system, and take the aspects
of wildlife into consideration. The focus
of the thesis is the process of exploring
the problem, the application of theory to
mapping and analysis, and the outcome of
the thesis shows a strategic plan outlining
the directions and suggestions for the
transformation of the red fox's crucial places
in central Gothenburg that supports their
"urban life" and movement, allows human-
wildlife interactions and coexistence, and
contributes to the social-ecological outcome.
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Thesis outline

Chapter 1 will introduce the background
and framework of this master’s thesis.
Beginning with social phenomena and
the impact of urbanization on natural
ecosystems. Followed by an introduction
to urban ecology, which provides the first
insight into the theme of human-animal
coexistence in the city. Finally, through three
perspectives, we reflect on the relationship
between humans, nature, and non-human
species. The thesis’s framework includes
thesis questions, discourses, delimitations,
and the methodology that has been used.
This chapter is completed with a schematic
illustration of the process of the thesis, which
shows the structure of the master’s thesis.

In Chapter 2, the theoretical framework of
this master's thesis will be introduced. The
work is founded on the theory of Social-
ecological urbanism. Understanding the
urban ecological network is assisted by the
principles of Landscape Ecology. Animal-
Aided Design shows us how to include a
wildlife perspective into the urban design
process, guiding us in the creation of habitats
where humans and wildlife may coexist.

In chapter 3, the theories will be applied
to the analysis. Ecological analysis to
comprehend the urban green mosaic in the
center of Gothenburg, followed by species
mapping to know which wildlife is living
with us. The red fox has been selected as
the keystone animal, and further research
and analysis have been undertaken from its
perspective. Finally, identify the territory
circle for further design.

Chapter 4 offers suggestions for the
transformation of locations and connections
to become ecological habitats and help
wildlife movement while enriching
city dwellers' activities and creating
multifunctional, integrated spaces for
human-wildlife coexistence. A strategic plan
will be present.

The final chapter of this master’s thesis
includes reflections on the process and
refers back to the research questions and
aims. A discussion about the advice for
interdisciplinary cooperation for urban
planners in the future. There are also
references to books, papers, and photos, as
well as sketches in an appendix.















-Coevolution of humans and other

organisms in urban areas

In urban ecosystems, humans, more than
human species and abiotic elements are
tightly linked together and interact with each
other. While humans are at the top of the
food chain, affecting the genetic and cultural
inheritance of other species, vice versa, more
than human organisms are also infuencing
mechanisms of human evolution. Human
society has always developed at the cost of
the natural environment, from the industrial
age to the modern cities, we remove forests
and vegetation cover to build up arificial
environments for human activities, we have
developed a food industry that has removed
a large part of the population from their
relationship with nature (e.g. no longer
hunting or gathering. The urbanisation, the
constently changing of landcover caused
pollution, fragmentation and degradation of
landscape, which have huge impact on the
survival, population structure, reproduction,
behaviour, and evolution of more than
human oganisms. During human evolution,
the relationship between man and animal
is in constant flux, our position changed
from prey to predators and then caretakers
of other animals. In the past people used
livestock as a means of transport and they
were also involved in farming work. In
modern society, where developed animal
husbandry provides food and nutrition for
humans and pets provide us with emotional
value. In urban areas, urban parks provide
habitats for many animal species, who could
benefit with living in proximity to humans;
their presence is a means of access to nature
for humans and contributes to our physical
and mental well-being(Clucas&Marzluff,
2011).

"Coevolution occurs in nature when two species
are interlocked in evolutionary interactions that
drive reciprocal selection between the species.
When humans select for certain phenotypic
traits in other species that, in turn, affect human
phenotypes, we can call this coevolution."
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The dual inheritance system of humans and
other social animals can be interpreted as
the mutation, natural and cultural selection,
and drift influencing genetic inheritance
over time. The same happens to cultural
inheritance, which develops through time in
response to innovation, natural and cultural
selection, learning, and drifts. Human
activities modify the configuration and
function of the physical environment, which
affects the evolution of local organisms; the
environment's responses to those changes
and the consequences of the process
influence the cultural and natural selection
of humans. In other words, the environment
changes in response to humans' natural
and cultural selection, which in turn affects
human behavior, meme frequency, culture,
and genetic inheritance (Laland et al., 2000;
Clucas&MarzIluff, 2011). This process of
‘ecological inheritance' occurs not only in
the relationship between humans and the
physical environment but also between
humans and socially-behaving wildlife.
Many animals have social behaviors;
they acquire information through social
learning and develop traditions that meet
the culture's social-learning definition
(Avital & Jablonka, 2000; Clucas&Marzluff,
2011). Suppose human behavior affects the
daily activities of a particular animal and
changes the animal's behavior and memes,
resulting in cultural evolution in the animal,
which affects the cultural fitness of human
memes(Clucas&Marzluff, 2011). In that
case, human and animal memes may become
coevolved. Cities should not be designed
exclusively for humans. The commensal
relationship between humans and wildlife
is essential, contributing to genetic and
cultural evolution. Thus we should create
and transform our urban areas for wildlife
existence.

Coupled relationships between humans and other organisms in urban areas

Image 10 : Key process and interactions of contemporary evolution in urban ecosystems
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Conclusion

From the research above, | gained an initial
understanding of urban wildlife and urban
ecology, and learned that humans do not
exist in isolation in urban ecology, that other
species are involved in our development
and evolution, and that we are in a mutually

beneficial symbiotic relationship. This began
to make me reflect on the history of our
urban development and the evolution of our
relationship with nature and other species in
the process of urban development.
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A historical approach

-Changes of boundaries between humans and animals along with the societal
development

=

o ‘................................................................

Before the 19th century

Before industrialization and urbanization

-The city wall blocked some “wild people” and “wild animals” out of the city
-Animals for pleasure and status for instance dogs and rare animals
-Livestock, like pigs, chicken, geese for self-sufficient lifestyle at that time
-Horse-carriage and donkey as transportation on the street

-Liminal animals such as mouses and rats, some pigeons also live in cities
-Sanitation and hygiene conditions were poor which led to diseases

19th century

-With rapid urbanization, the boundary of space between humans and animals was
clearly separated.

-The new residential buildings are only designed for human beings, the animals are
excluded.

-For the upper class, animals are pets that provide emotional and aesthetic needs
-For the lower class, there were various interlaced spaces between humans and
animals, for instance, the courtyard for poultry in cities; outside cities, public spaces
such as streets and squares were occupied by animals.

-Cognitive changes of animals: the shift from superstitious to science: from "animal
blood represents strength and vitality” to “ fear of bacteria in animals’ body”
-Because of the hygiene problems, animals are excluded from public space in cities

The first half of the 20th century

-Le Corbusier 5 points to the new architecture, but animals were not mentioned
-Pets are banned in apartments in some European cities

-Law on protecting the rights of animals

The second half of the 20th century

-From 1950, livestock disappeared in cities, the car completely replaced the horse
-Animal products are industrially produced out of the city

-Small-scale household farming in cities showed up, but for educational and
recreational propose.

-1970-1990, animals become an element, and theme for green landscape design
with ecological revolution, nature protection, animal and ecological issues are taken
seriously

Millennium

-Co-existence of human-animal
-indoor biome

-Ecosystem services

(Hauck et al., 2017)

Conclusion of the background

We discovered from the reflection that we
have shifted our attitude from a human-
centered to a holistic understanding that the
ecosystem is dynamic, the entire earth is a
super-organism, and all living beings should
be treated equally.

To summarise the background, during the
Covid pandemic, ecosystems in cities were
restored due to less human activity, and
wildlife appeared in cities. When we look
back at the history of urbanization, we
can see that people have been destroying
animal habitats while opening up nature to
develop modern cities. People living in cities
are isolated from nature and, rightfully, feel
that cities are human territory and those
wild animals should not be in cities, that
zoos are their urban habitat, that they carry
disease, destroy public infrastructure, eat
garbage, and are uncivilized and barbaric.
Cities, on the other hand, are special habitats
for wildlife because to their abundant food
resources, which attract urban adapters to
live here, but the animals are neglected in
the urban planning process.

With urban growth, urban ecosystems
have become fragmented, separated,
and homogenized, with invasive non-
native species threatening native species'
existence. The extinction of native creatures,
particularly plant groups, destabilizes
the local environment and results in an
ecological crisis. With the development
of urban ecology, it has become clear that

ecosystem service is relevant to all aspects
of human life, from water, air, and food
to physical and mental health, and that
urban planning and design are increasingly
incorporating ecosystem service to provide
people with a more comfortable and healthy
living environment. However, wildlife
in cities has usually been neglected due
to its unpredictability and the difficulty
of conducting research. According to
evolutionary theory, humans and urban
wildlife constitute a co-evolutionary
mechanism, from genetics to cultural
transmission, in a mutually beneficial
relationship. To develop mutual trust and
coexistence with wildlife in the city, we
should perhaps modify our way of thinking
and look outside the fixed human-centered
mindset.

The following chapter will define the aim
of the research and develop the research
guestions, identify the primary research
subjects, determine which topics will be
explored in depth and which will not be
discussed, set delimitations, define the
research approach, and lastly offer a thesis
process framework.
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This chapter introduces the three theories
and two analytical tools that guided the
thesis. Refer to the aim of the theis, socio-
ecological achievement is the purpose
and the theoretical basis for the topic of
human-animal coexistence in cities. Through
analogies between urban systems and
ecosystems and case studies based on this
theory, to understand how the social and
ecological aspects would be integrated and
planned to achieve the purpose.

In response to the first research question,
Landscape Ecology theory assists us
in understanding the components of
the urban green network. Ecologists,
geoinformaticians, and planners have
developed an ecological research tool, MSPA,
for regional ecological study based on this
theory. This tool will be used in the thesis
to conduct an ecological analysis of the
Gothenburg metropolitan region. The Animal
Aided Design methodology shows us how to
incorporate a wildlife perspective into the
urban planning process, helping us create
environments where people and wildlife may
coexist.

Theory: Social-Ecological Urbanism

“There is increasing evidence suggesting that
mental health and emotional stability of
populations may be profoundly influenced by
frustrating aspects of an urban, biologically
artificial environment. It seems likely that we
are genetically programmed to a natural habitat
of clean air and a varied green landscape, like
any other mammal. the Specific physiological
reactions to natural beauty and diversity, to the
shapes and colors of nature, especially to green,
to the motions and sounds of other animals,
we do not comprehend and are reluctant to
include in studies of environmental quality.
Yet it is evident that in our daily lives nature
must be thought of not as a luxury to be made
available if possible, but as part of our inherent
indispensable biological need.”

-Frederick Law Olmsted, in Biography, by J.E.
Todd, 1982

We usually think that modern cities are
isolated from nature. It is believed that urban
development has brought various ecological
crises, such as loss of biodiversity, and
climate change issues, the built environment
is the antithesis of nature. The challenge
we are facing today is to reconnect and
integrate nature and ecosystems into urban
development to increase the resilience of the
city for a sustainable future.

Social-Ecological Urbanism is a theory that
links the urban system with the ecosystem
to absorb the conflict between cities
and ecological systems from a systemic
perspective. Social-ecological urbanism
seeks to integrate the characteristics
and services of ecosystems into urban
systems and enhance the adaptability and
resilience of urban systems, using urban
design and planning tools to create an
urban environment that promotes the well-
being and health of the citizens. According
to the research question, the purpose and
foundation of this thesis is socio-ecological
achievement, on which the subject of human-
animal coexistence in the city is built; the

social system and the ecology do not exist in
opposition to each other in the city, but they
affect each other. But what do the urban
and ecological systems have in common, and
how are they linked and work together? The
following texts will answer the questions
by explaining an analogy of both systems
and a case study of Albano resilient Campus
to show the synergy of social-ecological
systems.

Analogy of urban systems and

ecosystems

But what do the urban systems and
ecological systems have in common, and how
are they linked and working together? The
following texts will answer the questions
by explaining an analogy of both systems
and a case study of Albano resilient Campus
to show the synergy of social-ecological
systems.

Queto: “Ecological systems are characterized
by time and space. Social systems are too
characterized by time and space” -Linking Social
and Ecological Systems, in book Urban Ecology

First, ecosystems are complex organisms
where all parts are interconnected and
essential. It is wrong and dangerous to
isolate parts from the whole system. If
we were to extract and optimize one of
these parts individually, it would have an
irreversible effect on the whole. The same
is true of urban systems, which is a spatial
network of economic-ecological-social
aspects, for example, if we have to construct
new roads in the forest or change the land
use, demolish old residential areas, and
build new commercial areas for economic
development. All of these measures have
far-reaching effects on urban systems,
where local ecological patches become
fragmented and cause further damage to
biodiversity, rising rents from commerce
and gentrification will create more social
problems(Holling&Goldberg, 1971).
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Secondly is the historical quality. The
ecosystem is a dynamic system that always
tends to be stable. If we reclaim an open
field, the vegetation in it will go through
an evolutionary process with a series of
successional stages, eventually reaching a
steady state - this is the historical process of
the ecosystem. The cities also share the same
dynamic stability. The response to events and
crises and how cities handle them is a cultural
heritage with a historical legacy. It is a
response from historical memory, developed
based on past experience(Holling&Goldberg,
1971).

Lastly, spatial interactions in the system.
Ecosystems are heterogeneous complex
systems. One example was the pest
infestation due to abuse of DDT in the cotton
ecosystem in Peru, chemically harmful
substances spread through the food web,
thereby damaging crops throughout the
region, which shows that local intervention
could cause global chain reactions. Our city
has a structure of a semilattice system, in
which everyone is spatially connected with
each other. We live and work in this system,
every decision we make has an impact on the
whole system, a holistic view and systematic
thinking are essential, especially as urban
planners(Holling&Goldberg, 1971).

We understand the similarity between the
urban system and the ecosystem, but how to
connect these two systems reconnect people
in artificial cities with nature? According to
environmental psychology, our personality
and behavior are largely shaped by the
environment around us as human beings.
(Patrik Soérqvist ,) We learn from what we
see, what we hear, and what we feel. The
case study of Albano Resilient Campus
showcased the practice of Social-ecological
urbanism to reconnect people in cities with
the biosphere.

Case study: Albano Resilient
Campus - Based on
Social-Ecological Urbanism

Albano located in the National Urban Park of
Stockholm, it is part of the great Gustavian
palace project surrounding Brunnsviken.
Thus, it has both ecological and cultural
potential and values for development. Albano
is also part of university facilities, however,
Albano is a brownfield today, isolated from
the rest of the city, and divided by the road
Roslagsvagen into two parts, which caused
social and ecological barriers.

The inhabitants in Albano are mainly urban
adapters, such as birds, pollinating insects,
small mammals and amphibians.

Image 21: Albano Resilient Campus relation to education centers.

28

For their long-term survival in this semi-
urban area, the small habitats should
be connected and integrated into green
networks at the regional scale to make sure
exchange between their population. Albano
project has the potential to preserve the
quality of ecological habitats and reconnect
these small biotopes to prevent biodiversity
loss.

Pollination, water services and seed dispersal
are the main ecosystem services objectives
that the project focused on. Wild bees and
butterflies are becoming extinct as a result
of habitat loss and frequent land use change.
Amphibians are losing their wetlands as a
result of urban growth, land hardening, and
isolation caused by road construction, which
creates barriers to movement. Seed dispersal
is critical for the ecosystem's sustained
reproduction of organisms. The Albano
Resilient Campus project intends to increase
ecosystem services, restore the connectivity
of ecological corridors, and protect existing
habitats by modifying the area's parks,
buildings, land use, and street structure.

Albano has the potential to serve as a hub
for intellectual and cultural exchange,
connecting several organisations and
university departments due to its
geographical location. However, because

of the area's low accessibility and security
difficulties, educational resources and
academic institutions do not adequately
serve the public, and academic exchange is
limited.

The main objectives of social service include
exchange of knowledge, publicity, recreation,
place-basedlearning, adaptability. Instead
of being a purely academic centre, the
campus should be incorporated into the
urban fabric, become more appealing to
the general public, and encourage public
engagement as a destination. The cultural
and ecological background has a high
potential for developing public places that
encourage various recreational activities,
as well as experience and social exchange.
Place-based learning and adaptability
are also crucial components in ensuring
the resilient development of this area.
Adaptive management, which includes local
knowledge, is linked to place-based learning.
Self-governance is strengthened by dividing
the land into management units with varying
user rights. Management and administrative
divisions must adjust to changing situations.
Smaller units and better local expertise are
essential, but they require administrative
freedom and flexibility because they may
lack the skills and resources to implement
big changes.(Barthel et al., 2013).

Image 22: The
figure illustrates
how spatial
morphology
can be designed
to create high
quality urban
areas and
services while
at the same
time supporting
local ecosystem
services.
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Spatial design components such as green
arteries, active ground, and performative
buildings are created to connect the
services of the ecological system and the
social system. Green arteries incorporate
various sizes and functionalities of flows
that will assist services such as publicity
and recreation by increasing urban
accessibility and attractiveness. In addition,
interconnected ecological corridors for seed
dispersal, pollination, and wildlife movement
provide ecosystem services. Varied
participants, including human activities, plant
communities, various biotopes, and animals,
will coexist in spaces of green arteries. By
dividing and actively managing the land into
different scales, such as microhabitats for
pollinators, a system of wetland and ponds
for amphibians, and varying sizes of gardens
and parks for animals, active ground creates
a general structure that allows for variety
and diversity. Active ground also allows
for different functions for various user
groups, residental spaces, public services,
and shops and restaurants, all of which are
connected to campus areas and can promote
social connection and meetings. Performing
buildings can host activities that have a long-
term social influence and give chances for
social and cultural exchange. The common
areas of performing buildings can be used
for gatherings, public services like libraries
and museums, and academic institutions.
Green roofs and walls may be able to enclose
pollinators and birds, improving ecosystem
services and biodiversity. (Barthel et al.,
2013)

Conclusion of the theory
Social-Ecological Urbanism

The analogy of ecosystems and urban
systems leads to three conclusions: To begin,
all parts of the urban and ecological systems
are interconnected and essential. Second,
isolating parts from the total system is
wrong and harmful since they are dynamic
systems in which past actions influence
future events. Finally, because every change
causes a chain reaction in time and space,
the problem should be viewed holistically
and comprehensively. The theory of Social-
Ecological Urbanism links the urban system
to the ecosystem to absorb the conflict
between cities and ecological systems from
a systemic perspective, using urban design
and planning tools to produce an urban
environment that supports residents' well-
being and health. The case study of Albano
Resilient Campus demonstrates how social-
eco systems can be integrated through
urban planning to positively benefit urban
development, resident health, and the
environment.

To bring forward: Through studying the
theory and synergy of the case study, we
learned how to combine local resources to
develop the direction of a project, in this
case, the local resources are natural parks
and research institutes with educational
resources. Before proceeding to more
extensive design, it is critical to identify the
appropriate ecological and social actors
and to utilize spatial design components to
integrate and influence social and ecological
services.

Image 23: Green arteries, active ground, and performative buildings
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Theory: Landscape Ecology

Landscape ecology is the leading theory for
answering the research question: how to
understand the green network in the urban
environment. Landscape is the key to holding
all movement from humans to animals to
energy flow. But how exactly the flow forms,
the tool of Morphological Spatial Pattern
Analysis will be introduced to analyze the
ecological corridors in Gothenburg's urban
area, to find out how they might maintain the
ecosystem, how wildlife can possibly move
around the urban areas, and how the green
mosaic functions as a system. By analyzing
the centrality and network betweenness to
determine the impact of human activities on
the green network.

In modern cities, we are facing different
kinds of crises caused by the sprawl of
urban areas and population growth,
especially environmental crises, such
as land degradation, fertile soil erosion,
biodiversity loss, water shortage, seawater
rich oxidation... Urban development
planning is always taking place piece by piece
separately, we are comfortable thinking of
small spaces in a short time, which made
urban development uneven and the natural
landscape fragmented, exacerbating various
crises. We learned that the urban system is
a complex and dynamic system, in which the
individual actor interact with each other in
time and space. Hence, land planners and
landscape architects should change the
way and mindset of urban planning, and
take systematic and holistic analysis and
approaches to provide new solutions for
urban development and society.

The landscape ecology theory focused
on particular spatial patterns in terms of
landscape, where biological organisms
interacted with the physical environment.
Landscape structures provide the basis
for the living system. Movement and flows
of animals, plants, water, wind, materials,
and energy occur within the network. The

structure should also allow changes and
alterations in spatial patterns and have
the ability to function over time. Patches,
corridors, and matrices are the extracted
structures of the patterns of the ecological
landscape according to the theory, they
control movements, flows, and changes
among all actors(Dramstad et al.,1996).

Queto: " Changing a mosaic by adding a
hedgerow, pond, house, wood, road, or other
element changes the functioning. Animals
change their routes, water flows alter direction,
erosion of soil particles change, and humans
move differently. Removing an element alters
flows in a different manner.

-In book Landscape Ecology Principles

For urban development, designers and
planners must understand the mosaic of
patches and corridor networks and how they
work as a whole system. Then, the design of
the green infrastructure to support and hold
the landscape network together, reduce the
landscape fragmentation and degradation,
prevent them from falling apart, and promote
long-term planning and decision-making in
society and the ecosystem.

Each of the four spatial pattern types will
be introduced: Patches, Corridors and
connectivity, Edges and boundaries, and
Mosaic are the extracted structures of the
ecological landscape patterns.
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Patches:

Plant and animal habitats are becoming
increasingly fragmented in a world with a
high population density. Patches might be
as large as a national forest or as small as
a single tree. A patch is a unique piece of
habitat that is distinct from its surroundings.
In landscape mapping and classification
systems, patches are frequently the smallest
ecologically distinct landscape features. The
location of patches can be advantageous
or detrimental to the landscape's overall
performance(Dramstad et al.,1996).

Edges and boundaries:

An edge is the boundary of a patch where the
environment differs significantly from the
patch's inside. On the other hand, political
and administrative borders denote man-
made territorial divisions that do not have to
follow biological patterns. The curvilinearity
of a boundary influences the flow of water
energy and species along and across it.
Patches can benefit the environment by
modifying their boundary forms(Dramstad
et al.,1996).

Corridors and connectivity:

Multiple dynamic factors contribute to
ecological isolation and extinction through
time. The most important spatial processes
are fragmentation, dissection, perforation,
shrinkage, and attrition, which involve
large habitats being divided into smaller
dispersed paths, a habitat being divided by
artificial barriers, as well as the creation
of "holes" within a largely intact habitat,
the shrinkage of one or more habitats, and
the disappearance of one or more habitat
patches. Highways, railways, power lines,
canals, and trails are examples of "thoughts"
and "barriers." Stream and river systems
serve as vital landscape corridors. The value
of landscape connectivity is emphasized by
ecologists, particularly in the form of animal
corridors and stepping stones(Dramstad et
al.,1996).
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Mosaic:

Pattern can be utilised to comprehend
and evaluate the structural and functional
integrity of landscape as a whole. One
indicator of a landscape's ecological health
is the total interconnection of its natural
systems. Corridors connect to form networks
that enclose other landscape features.
Networks, in turn, demonstrate connectivity
and circuitry while emphasizing the
functionality of landscapes. Networks can be
used by planners and landscape architects to
encourage or restrict flows and movements
throughout a land mosaic(Dramstad et
al.,1996).

Patches

Image 24:Patch selction Image 25: Extinction
for consertvation

Edges and boundaries

Image 26: Coves and lobes Image 27:Shape and
orientation

Image 28:Curvilinear boundaries

Network

Image 30:Species in a small
connected pathes

Image 29:Animal
perception of scale of
fragmentation

Corridors for movement

Image 31: Loss of a stepping

Image 32: Cluster of
stone stepping stones

Image 33: Distance
between stepping stones

Understanding the urban green mosaic

Based on the theory of Landscape Ecology,
ecologists, geoinformaticians, and planners
developed the MSPA (Morphological Spatial
Pattern Analysis) tool for regional ecological
analysis. This method will be used in the
following chapter to analyse the ecosystem
functions of the central area of Gothenburg,
where the functions of the city's green areas
vary depending on their location, size, and
so on, to answer questions such as, where
are green patches, where are ecological
corridors, wildlife could move between
different green areas, where are the barriers
and threats? Let's begin with an introduction
of this analytical tool.

The analyse tool MSPA:

This method emphasizes structural
connectivity and relies on land use data,
which is reclassified by assuming that natural
ecological elements such as forest and
wetlands are extracted as foreground and
other land types are used as background,
and the image is processed to classify the
foreground into seven morphologically non-
overlapping categories: Core, Bridge, Loop,
Branch, Edge, Perforation and Islet.

Different spatial forms and have different
ecological meanings. The "Core" implies
large scale natural patches with inner
connectivity, and wildlife habitats. The "Islet"
represent small, isolated and fragmented
natural patches that are not connected
to each other, such as small urban green
areas; "Perforations" are unnatural patches
within the core area; "The 'Edge’ is the
transition zone between the core and built
environment; the 'Bridge' is the strip of
ecological land that connects the core areas
and can ce considered as corridors in the
regional green infrastructure, supporting
the migration of species, energy flow and
network formation within the area; The
"Loop" represents the ecological corridor
connecting core areas; the "Branch" is an
ecological patch that is connected to only
one end of the core area.

The MSPA method uses mathematical
morphological algorithms to capture the
structural patterns of natural elements
and to analyze the connectivity of natural
patches. Research and practice have shown
that the MSPA method is suitable for

Il Foreground IiCore  lPerforation  Loop

Background lEdge PiBridge

Image 34: Binary map

| Branch [islet
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regional scales and can effectively identify
and analyze ecological spatial patterns and
their connectivity, providing a new approach
to the construction of green infrastructure.

The MSPA tool assists us in analysing green
areas and their connectivity, as well as
how to use the data to develop effective
green infrastructures to achieve social-
ecological goals, and what qualities green
public spaces should have to promote
coexistence for animals, plants, and humans.
The following section describes the design
guidelines for green infrestructure, covering
multifunctionality, connectivity, integration,
communicative and socially-inclusive, long-
term oriented strategic.(MSPA, n.d.)

Design guideline:
Green Infrastructure

Green Infrastructure is considered to be a
landscape ecological approach to achieving
functional regional ecological patterns. As a
framework for practice and implementation,
green Infrastructure integrates different
scales and types of ecological construction.
“Green infrastructure has been defined as
an ‘interconnected network of protected
land and water that supports native species,
maintains natural ecological processes,
sustains air and water resources and
contributes to the health and quality of
life for communities and people” written
by Benedict & McMahon in book Green
infrastructure: linking landscape and
communities in 2006. Green infrastructure
support and protect the natural system from
the disturbance of urban development, but
also balance with the economic and social
needs of society (Pauleit et al., 2011).

Connectivity:

The importance of connectivity between
greenspaces for enhancing species dispersal
and supporting system dynamics is
highlighted by landscape ecological theory.
The greening of the matrix of varied urban
land uses may be significant for the survival

34

of many species in the city, and creating a
dense network of greenspaces near where
people live is equally crucial for reducing
the heat island effect. Greenspace corridors
make it easier to access greenspace and use
it for recreation, which might benefit the
city's ventilation. Planning for connectivity
must be based on a more holistic perspective
of a city's green and blue systems(Pauleit et
al.,2011).

Multifunctionality:

Many urban greenspaces are monofunctional
in the sense that they are designed and
maintained to serve a single purpose.
Multifunctional green infrastructure which
integrate ecological, social, and economic
roles, provides services for a diverse range of
users, will support sustainability, and bring
more values. For instance, football fields
may contribute to rainwater infiltration
or heat island reduction. Interconnected
greenspaces can perform functions that
individual greenspaces cannot provide, such
as enhancing and supporting animal habitats.
(Colding 2007) Nonetheless, there may be
limitations to multifunctionality, since it is
unrealistic to expect tiny greenspaces in
densely populated places to support both
extensive recreational usage and species-
rich ecosystems, particularly for disturbance-
sensitive species(Pauleit et al., 2011).

Integration

Green infrastructure involves a variety
of stakeholders and actors since it covers
public, institutional, and private greenspaces
and interacts with other urban structures.
Collaboration with all stakeholders is
necessary to move the process forward;
hence, economists, ecologists, and social
scientists must coordinate their land-use
change decisions(Pauleit et al., 2011).

Communicative and socially-inclusive

planning and management

Green infrastructure involves a variety of
stakeholders or actors since it covers public,
institutional, and private greenspaces and
interacts with other urban structures.

Collaboration with all stakeholders is
necessary to move the process forward;
hence, economists, ecologists, and social
scientists must coordinate their land-use
change decisions(Pauleit et al., 2011).

Strategic, long-term oriented

approach

Long-term benefits of urban green space
can sometimes conflict with short-term
economic gains, and single-use landscape
change is generally only economically viable
for private or corporate interest groups. As
a result, the design of green infrastructure
should be based on a long-term vision. Rather
than creating a static plan, it is important
to achieve broad, long-term goals while
allowing for new inputs through constant
learning and discussion among diverse
players in an adaptive planning mode(Pauleit
etal.,2011).
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Conclusion of the theory
Landscape Ecology

We have developed an initial understanding
of the green network with ecological
landscape patterns: Patches, Edges,
Boundaries, Corridors, and Mosaic, and
their impact on urban ecology and animal
migration by studying the Landscape
Ecology theory. Based on this theory, the
researcher developed the MSPA analysis
tool, which uses land use data to analyze
ecological spatial patterns and their
interconnectedness, providing a novel
method to green infrastructure design.
Furthermore, the Green Infrastructure
design guideline provides a framework for
practise and implementation on how to
incorporate different scales and types of
green spaces into urban development.

To bring forward:

The ecological corridor in the center
of Gothenburg will be analyzed using
the MSPA tool in the following chapter.
The five green infrastructure guidelines
can be used to suggest improvements
for green public places, and to examine
whether the adjustments meet the needs
of multifunctionality and contribute to
economic, social, and environmental value. Is
it fulfilled the requirement for connectivity,
which promotes animal movement while also
increasing accessibility, creating ventilation
corridors, and reducing the heat island
effect? Is it integrated with other urban
facilities to improve the quality of urban
life, and is there a long-term adaptable
development strategy ready to adapt to
change?

36

Theory: Animal-Aided
Design

To answer the second research question:
how could we redesign and transform spatial
elements of urban green public spaces so
that the city becomes a wildlife refuge and
promote human-wildlife coexistence. We
need to develop work on a detailed level from
a wildlife perspective.Although wildlife plays
an essential part in the urban ecosystem,
how urban wildlife affects the ecosystem and
what they provide for ecosystem services is
rarely studied, wildlife is always excluded in
the planning process. The theory of Animal-
Aided Design requires a reorientation of the
planning process that urban wildlife should
become an integral part of the planning and
design. The need of the local wildlife should
be prioritized, and placed on an equal footing
with other planning needs.

Animal-Aided Design is particularly
applicable to urban areas. It can be used in
various planning scales: from the redesign
of the built environment to inner courtyards
of neighborhoods to the planning of public
parks. Animal-aided design bridges the
topic of nature conservation and urban
development. It provides the methodology
for integrating wildlife aspects into design
and creating and improving habitats for
animals in the city. Through design and
planning, improve the quality and attraction
of our living environment, help cities restore
biodiversity, Increase the possibility of
contact with nature and animals, and further
reflections on nature.

Design with the life-cycle

The basis for the practice of Animal-
Aided Design for open space is to study
the life cycle of the selected keystone
species. In cities, some measures have been
implemented to recover biodiversity, such as
nesting boxes for birds and the installation of
insect hotels. But these two measurements
only met part of the creature's needs in
the nesting and the breeding phase. Other
essential needs, for example, food source,
shelter against predators, environment,
and protection for young animals are not
considered. Whether the animals can survive
or not is left to chance, the aim of restoring
biodiversity will fail(Weisser et al., 2017).

Hence, planners and designers must be
acknowledge of the critical needs of the
whole life cycle phase of the keystone
species and integrate them with design
expertise to establish suitable habitats for
wildlife with a high degree of permanence
and adaptability. To translate the needs of
the life cycle into spatial planning and design,
critical location factors should be analyzed
for each life phase. The essential factors of
location include concrete environmental and
physical conditions, such as the suitability
of temperature and humidity for animal
survival, suitable native plant communities,
and adequate sources of food and hydration.
These conditions are related to various
geographical factors, such as vegetation
cover, vegetation height, land use, soil
moisture, etc. The detailed descriptions of
the critical site factors give indications for
possible wildlife-friendly planning. Through
analysis, we will gain new insights into where
wildlife is likely to be found in cities and
optimize and improve these places to create
conditions for wildlife to survive, increase
the possibilities for human-animal and
natural interaction and help restore urban
biodiversity(Weisser et al., 2017).

The Animal-Aided Design
planning steps

In every phase of AAD planning, both the
requirements of animals and the desires of
human stakeholders must be considered.

Step A: During the process of analysis
and drafting, target species are selected.
Potential target species include not just
those presently existing at the location,
but also those from the neighborhood’s
areas that may feasibly reach the site.
When selecting AAD target species, both
biological and sociocultural elements must
be taken into account. In order to narrow the
selection of target species, both the site's
habitat potential and its limits are evaluated.
On the basis of these evaluations, the target
species are chosen and a spatial design that
satisfies their habitat needs is devised. When
choosing species, consider the following:

e The species' ecological traits reveal its
crucial demands at the project location.

e Sociocultural preferences or aversions for
specific species or groups.

e Urban species and dispersion obstacles.

Step B: During the thorough planning and
design phase, the animals' habitat-related
demands are immediately included into
the site design with the aid of the species'
key needs. The goal is to create locations
where humans may interact with the natural
environment.

Image 40: Life-cycle of Robins
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Step C: During the period of implementation
and construction, it is crucial that all
requirements be appropriately executed.
This may be accomplished, for instance,
by implementing a specialised training
program for the building company's staff.
Throughout the execution and building
phase, it is essential to respect existing
animal populations; work must be conducted
as delicately as possible and at a period when
animals are least likely to be disturbed.

Step D: Animal-aided design needs
post-occupancy monitoring to succeed.
Monitoring and analyzing the project's
ecological, social, and economic components
allows for adjustments and measurement.
The target species accepted the provisions?
What do residents think of the programs?
Have the projects increased maintenance
costs or saved money? If feasible, discuss
outcomes with stakeholders. They can be
used to improve site structure or optimize
planning. (Weisser et al., 2017)
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Conclusion of the theory
Animal-Aided Design

Animal-Adied-Design offers a methodology
for planning that includes the wildlife
perspective. From learning how to select
keystone animals to understanding a
keystone animal's lifecycle, locating the
ideal sites through these factors, and
implementing them into planning and
architecture to create locations where
humans could connect with the natural
environment. Finally, in order to achieve our
goal of human-wildlife interaction, we must
ensure the project's success throughout
the post-implementation testing and
maintenance phase.

Image 41:The Animal-Aided Design planning steps

To bring forward:

Using the Animal-Adied-Design as a guide,
following step A and step B of the Animal
Aided Design planning steps. a keystone
animal will be chosen, and follow the
guidance of 'DESIGNING WITH THE LIFE
CYCLE'research its critical needs, then
analyze suitable locations from the keystone
animal perspective in Gothenburg's central
area. Important factors affecting the life
cycle of animals also help redesign and
transform spatial elements to provide
habitats for urban wildlife to survive and
thrive and fulfill the aim. Step C and step
D are about the implementation and later
maintenance and testing of the project which

will not be discussed.

Method: Suitability analysis

Learning about the life cycles of keystone
animals and identifying the correct site to
plan from their critical needs is a crucial
part of the process. Suitability analysis is
a tool for determining the best sites. For
example, to identify the best location for a
new retail store, a commercial developer
could weigh the distance to surrounding
major roads and the locations of any
competitors, then combine the results with
land use, population density, and customer
information to establish the ideal site for that
business. Similarly, we can capture the range
of wildlife activity by using ArcGIS Spatial
Analyst to overlay several layers to extract
information based on factors affecting the
life cycle of keystone species. (Suitability
Analysis&ArcGIS Pro |n.d.)

Conclusion of the chapter

A flow chart summarises the theoretical
chapter and serves as an introduction to the
next chapter, the analytical chapter. Three
theories are used in the research to help
understand and sort out the link between the
city, ecosystems, humans, and wildlife.The
foundation of this thesis is Social-Ecological
urbanism, which reconnects and integrates
the urban system with the ecosystem in
a systemic perspective to increase city
resilience and promote residents' well-being
and health.

The theory of Landscape Ecology was
introduced to explain how the biological
organisms interacted with the physical
environment. It concentrated on landscape
spatial patterns, patches, corridors, and
matrices that control the movements,
flows, and changes in the living system.
We discovered that the urban system is
a complex and dynamic system in which
individual actors interact in time and place.
The theory assists us in comprehending the
mosaic of patches and corridor networks and
how they function as a whole system. Green
infrastructure design should maintain and
hold the landscape network together, limit
landscape fragmentation and degradation,
keep them from falling apart, and promote
long-term sustainable development.

Animal-Aided Design bridges the gap
between wildlife conservation and urban
development. It provides the methodology
for integrating wildlife aspects into design
in order to create conditions for wildlife to
survive, increase the possibilities for human-
animal interaction, and aid in the restoration
of urban biodiversity.
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Predators and preys

AN

Image 74: Predators and preys

Red Foxes are omnivores, meaning they
consume a wide range of foods. Their food
includes vegetation, such as fruits, berries,
and grasses; birds and small mammals, such
as mice, rats, voles, rabbits, and squirrels;
and a substantial amount of the red fox's
diet consists of invertebrate preys, such
as crickets, caterpillars, grasshoppers, and
crayfish. The red fox will continue to hunt
and then bury any surplus food in soil, leaves,
snow, or mud.

Red fox nutrition vary with the seasons
and age; they are quite adaptive, switching
prey as needed. For the most of the year,
animals, particularly rabbits and rodents,
are the dominant food; a single fox would
require around eight mice per day, with each
mouse providing approximately 60 kcal. Red
fox parents would hunt birds to feed their
children in the spring and early summer,
while adults rarely consume birds. Insects
and worms are on the summer and fall menu
of the red fox. Insect larvae, craneflies,
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moths, and earthworms are consumed in
considerable quantities, and the growing
pups will capture them near the earth.
Invertebrate prey can make up 30% or more
of the diet.

Fruits and vegetables are key food sources
in their fall diet. They prefer Rubus genus
fruits such as blackberries, blueberries,
raspberries, and cherries. They will also
consume cultivated fruits, crops, and
vegetables such as persimmons, mulberries,
apples, plums, grapes, dates, figs, and even
acorns, as well as nuts, grasses, sedges,
and tubers. Fruit and vegetables comprise
approximately 10 to 30% of a fox's diet and
might vary geographically and seasonally.
Fruits are also significant dietary sources for
cubs. Amphibians, reptiles, and eggs are less
common meals for red foxes. Because of the
high protein and nutritional worth of eggs,
red foxes will take eggs from bird nests or
reptiles. (Red Fox Diet & Predators | Wildlife
Online, n.d.)

Territory

Image 75: Territory

The size and form of a fox's territory varies
widely according on food availability, food
distribution, and shelter locations. Therefore,
the residence range in urban regions is
significantly less than in rural or desert
places. For instance, the home ranges of foxes
in Europe range from 40 ha to 1,300 ha and
may comprise a single fox or a small family
group of three to six individuals. Due to the
shortage of food in desert places, the range
can be expanded to 5,000 hectares. Typically,
a fox will defend its area against intruders.
Nevertheless, because to the abundance
of food in metropolitan settings, so many
foxes may be attracted to it that guarding it
becomes difficult, so, these invaders must
either be expelled or tolerated.

In rural regions, such as farmland, red
foxes frequently use linear landscape
features such as hedges, tree-lines, and
roadways to demarcate territorial borders.
In metropolitan locations, roadways and
barriers are often utilised to demarcate
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housing range. Therefore, the continually
changing environment and landuse in our
big cities may result in red foxes shifting
their territory. “The ultimate explanation for
drifting is that the city environment is inherently
disturbed, by pedestrian and road traffic, habitat
management and construction and demolition
work.” suggested by David Macdonald and
Patrick Doncaster from their Radio-tracking
studies of foxes in Oxford city. This type of
drifting may end in the death of urban foxes
as aresult of a shifting terrain.

(Red Fox Territory & Home Range | Wildlife
Online, n.d.)
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a vital link between these two habitats and
an ecological corridor that connects them in
an east-west direction.

When establishing their territory boundaries,
red foxes frequently make use of linear
characteristics in the landscape such as
hedgerows, treelines, and roadways. The
same thing happens in urban environments,
with streets and walls serving as the
boundary markers for home ranges instead
of natural barriers. Because red foxes prefer
to go along linear constructions such as walls
and fences, we could plant bushes along the
wall to provide cover and space for them to
wander about. To prevent wild animals from
entering the building's basement, add swaths
of vegetation that can act as pathways for
them as they move through the area and
make their way to the habitat.

Conclusion

Because of their distinct geographical,
historical, and cultural backgrounds, each
of these locations plays a unique part in
today's society of Gothenburg. | have
simply provided some basic suggestions for
development rather than an in-depth design.
These suggestions are based on the themes
of each site, the findings of the previous
studies and analysis, as well as my personal
observations of people's activities while
using the sites.

For example, Haga's Skanstorget square
is located in an ecological corridor and is
crucial for the movement of urban wildlife,
so | recommend that it be converted into an
ecological park so that the wildlife in Haga is
not segregated from the ecological network,
but rather integrated into it. It also acts as
a recreational space for the surrounding
neighbourhood. | advise increasing the
planting of berries, increasing the variety and
density of native plants, such as evergreens,
to provide winter shelter for birds and
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animals, and growing plants that help assist
wildlife movement to prevent wildlife from
straying into dead ends of buildings or
basements.

More biological knowledge, such as the
study of native plants and more extensive
researches of wildlife behaviour, is also
required to design in-depth and in a way
that benefits and coexists with human and
non-human inhabitants of the city. Wildlife
is fragile in cities, and any new planning or
changes to the environment of the site will
have an impact on their activities. To achieve
long-term development and a sustainable
urban environment, we must plan and build
with respect for nature and life.
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| investigated how to develop urban green
spaces that may be integrated into the
urban fabric to produce positive impacts
and achieve a mutually beneficial symbiosis
for human activities and the ecosystem
through the above theories, guidelines, and
case studies. | obtained territorial cycles
suited for red fox survival in the city and
the essential routes for their movement by
solving the first study question. Because of
their geographical location, these sites play
different social roles; | extract the themes
of each site and propose appropriate spatial
elements in relation to local users and public
activities that are appropriate for these sites,
to meet both the needs of wildlife on the site
and to satisfy the purpose of coexistence
rather than conflict.

For the second research question, this
paper does not provide a full design or
comprehensive solution, but rather gives
recommendations based on my personal
experience. | believe that the discussion
in this thesis is still insufficient, and that in
order to design the space for human-wildlife
coexistence with greater care, we need to
observe and study wildlife behaviour and
human-wildlife interactions in greater depth,
such as by determining which animals are
sensitive to the light and sound produced by
human activities.

Referring to aim and purpose
Referring back to my purpose, which is
to increase and promote interaction and
connection between humans and wildlife,
as well as to build mutual trust through the
common ground for both human activities
and wildlife in the city, it was deconstructed
into several specific goals, which are to
understand the green mosaic in the urban
area, to identify ecological corridors, and
to provide suggestions and guidelines for
the transformation of urban green space. |
believe the theoretical study and analysis, as
well as the recommendations in the proposal
chapter, have achieved the goal. Although
there is no specific design or visualisation of
human-animal coexistence at the end of the
thesis, this is not its primary focus.
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Another part of the purpose is to provoke
and arouse thinking and reflection about the
relationship between humans and species
beyond humans, and nature in the city. The
necessity for mutualism space is discussed
in the first chapter through a background
introduction that covers from phenomena
to knowledge of urban ecology, as well as
historical, philosophical, and typological
perspectives for reflections on the
relationship between humans and nature and
other animals. We discovered that humans
do not exist in urban ecology in isolation, that
other animals have a role in our development
and evolution, and that we are in a mutually
beneficial symbiotic relationship.

Humans, on the other hand, have been
destroying animal habitats to build modern
cities. People living in cities are isolated
from nature, and as cities grow, urban
ecosystems become fragmented, resulting
in the extinction of native organisms, the
destruction of local ecology's stability, and,
eventually, the ecological crisis. Urban
planners should support the restoration of
urban ecosystems and habitats for native
species, as well as the creation of spaces
for the coexistence of humans and wildlife,
which will not only significantly improve the
living environment of city dwellers, but will
also arouse reflections about the relationship
between humans and species other than
humans in the city, promote public education
implications, and for a more sustainable
future.

Reflection on the thesis's journey
Throughout the journey of my thesis, | made
some compromises, such as removing the
native plant library and keeping only the
animal mapping. After the midterm, | lost
control of the direction of the thesis and
spent some time sketching the design of each
site, which | have now put in the appendix.
This caused me to neglect the summary
of the article's theoretical and analytical
sections, which are essential components of
the thesis.

As | have tried to design spaces for human-
wildlife interaction in depth, | believe
there is a need for theoretical guidance on
human-wildlife interaction as well as more
systematic observation of wildlife behavior,
such as their responses to different human
activities. We must be more cautious in our
planning and conduct thorough scientific
analysis and research since wildlife in
cities is sensitive and unpredictable, and
some people are worried about contagious
diseases spread by animals, such as rabies.

In the future

Advice for planners

-Strengthening interdisciplinary

cooperation
Planning and designing for urban wildlife

and positive human-wildlife interactions
is a broad cross-disciplinary subject that
demands collaboration among biologists,
ecologists, landscape architects, and land-
use planners. Throughout the working
process, | confronted numerous challenges,
such as comprehending multidisciplinary
knowledge and understanding complicated
inter-species relationships, the difficulty of
designing for wildlife while also integrating
human activities and having a good influence
on society and ecosystems. As a result, |
recommend that in the early phases of the
planning process, an interdisciplinary team
of biologists, ecologists, landscape architects,
city planners, and geoinformaticians be
formed to work on sustainable urban
development.

-Incorporate a wildlife perspective

into the planning process
In the early stages of new planning, it is

crucial to determine whether there is local
wildlife activity, whether the proposed area
is in an ecological corridor where wildlife
moves, and whether the new location would
impact wildlife migration. New planning
projects should respect the local ecological

environment and encourage harmonious
cohabitation between human inhabitants
and local non-human species through design,
as well as serve public education.

Further development of the

thesis

The design proposal just provides
suggestions for improvement based on
personal observation and experience; no
in-depth design is performed. There are no
visual representations that demonstrate
humans and animals coexisting. If the thesis
could be explored further, | believe a site
may be chosen for a more detailed design.
To understand how wildlife reacts to human
activity, we need to track and observe wildlife
moving about this place. A questionnaire
survey of local people and relevant user
groups will also be conducted to better
understand the general public's attitudes and
suggestions. The design must also be guided
by theories concerning human-wildlife
interaction, as well as analysis and reference
of relevant case studies.
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