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Foreword

We have entered the Anthropocene — an era when humans are a dominant geological
force — and at the same time we have entered an Urban Age.! Over half of humanity
now lives in towns and cities, and by 2030 that fraction will have increased to 60 %.2
In other words, in slightly over two decades, from 2010 to 2030, another one and an
half billion people will be added to the population of cities.

Creating healthy, habitable, urban living spaces for so many more people will be
one of the defining challenges of our time. And the quality of city environments —
both their built and natural components — will determine the quality of life for an
estimated total of five billion existing and new urban dwellers by 2030.

Much of what gets written about the challenges of urbanization tends to be about
built city infrastructure and its organization and governance: about transportation
systems, housing, water works, sanitation, slums — the hardware of cities. Less is
written about the software of cities® as centers of creativity and lifestyle, of culture
and learning institutions that enable the creation of pools of human capital, which
gather critical mass and become drivers of innovation and prosperity. And even less
is written about the ecological infrastructure of cities: parks, gardens, open spaces,
water catchment areas, and generally their ecosystems and biodiversity. This book
Urbanization, Biodiversity and Ecosystem Services: Challenges and Opportunities
and the Cities and Biodiversity Outlook project (CBO) addresses that gap admira-
bly. It brings out clearly the importance of nature for cities, making a convincing
case for internalizing ecosystem services in urban policy making.

The book not only quantifies but also lays out the complex linkages between
ecosystem services and urbanization, giving us detailed case studies of cities that

'London School of Economics program “Urban Age” http://Isecities.net/ua/

2Population Reference Bureau see http://www.prb.org/Articles/2007/UrbanPopToBecomeMajority.
aspx

3A concept popularized by Sanjeev Sanyal & others, see for example http://www.business-
standard.com/article/opinion/sanjeev-sanyal-building-bostons-not-kanpurs-110051200048_1.
html
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vi Foreword

have used an ecosystem services approach, either explicitly or implicitly, in urban
planning in order to address the many challenges that urbanization poses.

The problems caused by urbanization are enormous and varied. Over the last
century, the migration of hundreds of millions of people from rural to urban areas in
search of employment and better living conditions has not been a smooth transition.
Millions have been left to live for prolonged periods in makeshift urban slums, suf-
fering from poverty of income, health, nutrition, and safety. Constant threats of food
and water scarcity have been brought about by climate change, unsustainable
resource use, and inadequate planning. Cities are increasingly unsustainable, vul-
nerable and insecure, and therefore achieving sustainability and resilience for cities
has to be high on any government’s agenda. To support this necessary and important
focus, the book delivers key messages to policy makers and showcases many
instances of smart urban planning that have made use of nature and its services to
alleviate or solve some of these problems. In the process, this book redefines cities
from being centers of economic growth and consumption to places generating
human well-being and even creating positive externalities.

Ecosystem services can address many of the challenges that cities increasingly
face, and the false dichotomy between environment and development is nowhere as
easy to disprove as in cities. Clean air, safe drinking water, and protection from
climate change effects are all highly relevant to human development in cities, and
many forms of poverty are caused or exacerbated by a lack of access to these eco-
system services. Furthermore, cities consume tremendous amounts of resources and
thus generate large amounts of waste and emissions. These negative externalities of
urban growth are borne disproportionately by the income poor, who do not have
access (or the means) to procure clean drinking water and health services. The role
of natural areas in providing catchment for stable and cheap drinking water cannot
be overemphasized — almost a third of the 100 largest cities have proximate natural
areas that provide this service. Furthermore, green spaces in or near cities also
deliver services such as air purification, temperature regulation, groundwater
recharge, and cultural services including aesthetics and recreation, all leading to
healthier lifestyles.

Urban biodiversity and ecosystems deliver myriad other benefits, from underpin-
ning social and economic development to climate change mitigation and adaptation.
Wetlands can treat stormwater runoff and also offer biodiversity and recreational
services. Local food production in cities is an exciting and evolving dimension of
cities, and it can both decrease the emissions externality of cities and also improve
food security. Restoration and management of near shore ecosystems such as man-
groves can reduce impacts of storm surges, decrease climate change vulnerability,
and increase resilience.

It is recognized that urban consumption patterns not only adversely impact nearby
ecosystems but also ecosystems further away: urban teleconnections and the ecologi-
cal footprint of cities are geographically dispersed and indeed immense. However,
cities cannot be viewed as problematic merely because they form a large consumer
base. They also hold the key to changing production and resource use — by decreasing
waste production, increasing recycling, and moving citizens to more sustainable
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forms of consumption. Furthermore, energy-efficient and renewable-energy
infrastructure development through economies of scale can reduce emissions.

It the context of such a complex web of issues, problems and solutions, it is
important to examine and quantify, as this book has done, both the consequences
and future trajectories of urbanization. This can lead us to identify both challenges
and opportunities that cities must address in order to be sustainable and indeed
viable centers of human habitation and progress. The volume also addresses metrics
for urban biodiversity, an evolving space in research and practice.

The book delivers a valuable contribution to integrating knowledge about bio-
diversity and ecosystem services into urban design and planning. This is essential to
ensure both the sustainability and resilience of cities for an ‘Urban Age’ that is
human civilization’s present as well as its future.

Study Leader, TEEB Pavan Sukhdev
Mumbai, India






Preface

While there is growing awareness that cities affect almost every ecosystem on earth,
significantly contribute to the loss of biodiversity, and are increasingly vulnerable to
environmental change, a global analysis of the environmental impacts of urbaniza-
tion has been lacking. While previous studies have examined particular cities or a
particular facet of the urban environment, few attempts have been made to assess
the prospects for supporting ecosystem services on an urbanized planet. On the one
hand, the Millennium Ecosystem Assessment (MA), the world’s largest assessment
of ecosystems, covered almost every ecosystem in the world but made few refer-
ences to urban areas. On the other, the World Development Report, the world’s
largest assessment of urbanization published by the World Bank annually, makes
few references to ecosystems. It is this knowledge gap we attempt to bridge by this
book and the Cities and Biodiversity Outlook (CBO) project at large.

The production of the book has been called for through paragraph six of Decision
X/22 of the tenth meeting of the Conference of the Parties (COP 10) to the
Convention on Biological Diversity (CBD) in Nagoya 2010. The decision initiated
two publications. The first publication, Cities and Biodiversity Outlook — Action
and Policy," intended for policy makers, was launched at the COP11 meeting of the
CBD in Hyderabad in October 2012. The CBO — Action and Policy showcases best
practices and lessons learned from cities across the world, and provides information
on how to incorporate the topics of biodiversity and ecosystem services into urban
agendas and policies.

The current book — Urbanization, Biodiversity and Ecosystem Services: Challenges
and Opportunities — is the more detailed scientific portion of CBO and the first assess-
ment ever conducted that addresses global urbanization and the multiple impacts on
biodiversity and ecosystem services. It has been written and edited by an international
team of scientists and includes several of the authors who previously participated in
one or both of global assessments: the Millennium Ecosystem Assessment (MA) and
The Economics of Ecosystems and Biodiversity (TEEB). Urbanization, Biodiversity

*Secretariat of the Convention on Biological Diversity (2012) Cities and Biodiversity Outlook.
Montreal, 64 pages. http://www.cbd.int/en/subnational/partners-and-initiatives/cbo

ix
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and Ecosystem Services: Challenges and Opportunities describes and analyses
multiple dimensions of urbanization, focusing on how the processes affect patterns of
biodiversity and ecosystem services within as well as outside city boundaries. It is
therefore an assessment of the process of urbanization, rather than an assessment of
cities per se. Further, it focuses on the biosphere and analyses how the living environ-
ment is impacted in a rapidly urbanizing world, and explores connections to human
well-being and how an increasing urban population may succeed or fail to develop
mechanisms for reconnecting with the biosphere. Thus, this book is not an assessment
of all the challenges connected with urban growth, such as e.g., challenges linked to
management of waste, energy and transportation.

Our aim has been to make a thorough synthesis of current knowledge and frame
this in a policy relevant context with the intention of stimulating a vigorous debate
on how urban challenges could be addressed. However, even more importantly, we
have aimed to encourage a debate on how the many opportunities created by urban-
ization could result in innovative policy for more sustainable development on a
global scale. This book is about the imperative of reconnecting cities to the
biosphere; it explores urban areas as social-ecological systems and the social-
ecological foundation of cities and their sustainability. It details how this urban
ecological embedding may be facilitated through a new and bold urban praxis.

One challenge when starting the assessment was that the concepts of urbaniza-
tion and urban biodiversity are not well defined. There is no general agreement on
what is urban, and considerable differences in classification of urban and rural areas
exist among countries and continents. We have in the CBO used working definitions
and define urbanization as a multidimensional process that manifests itself through
rapidly changing human populations and changing land cover. Urban growth is due
to a combination of four forces: natural growth, rural to urban migration, massive
migration due to extreme events, and redefinitions of administrative boundaries.
With urban biodiversity we refer to the biological variation at all levels from genes
to species and habitats found in urban landscapes. Several aspects of biodiversity
differs compared with biodiversity in other areas, e.g., there is often an extreme
patchiness and large point-to-point variation over short distances, and composition
of species is often dominated by non-native species introduced for specific pur-
poses. Urban biodiversity therefore often represents a biodiversity intentionally
designed by humans for humans. The multiple dimensions of this have been over-
looked in both ecology and in social sciences, and contributing to bridge this knowl-
edge gap constitutes another important rationale for the CBO project.

The book has a global scope but it also makes a strong connection to the regional
and local scales. In addition to Regional Assessments of urbanization in Africa, Asia
with special focus on China and India, Latin America, Oceania, North America and
Europe, Local Assessments come from a number of cities: Bangalore, Cape Town,
Chicago, Istanbul, Melbourne, New York, Rio de Janeiro, Shanghai, Stockholm and
urban satoyama and satoumi landscapes in Japan. The regional assessments reflect
the broad scope of current and expected future urbanization trends around the world.
The cities represented in the local assessments were selected because they represent
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areas where urbanization processes and social-ecological systems have been
established fields of research for some time.

One crucial issue apparent when starting this project was that much relevant
information on urban development, biodiversity and ecosystems, particularly at the
local scale, tend to occur in non-peer reviewed literature. We have nonetheless
excluded references to the bulk of non-peer reviewed literature such as unpublished
reports, conference abstracts and other non-peer reviewed literature, but in a few
instances included references to technical reports and policy documents when these
have been judged to be highly relevant.

The publication represents a collaborative effort among a large number of
scholars, the CBD, and Stockholm Resilience Centre (SRC) at Stockholm University,
and includes significant input from ICLEI — Local Governments for Sustainability.
An Inter-Agency Task Force and an Advisory Committee (see Appendix), as well as
the Global Partnership on Local and Sub-National Action for Biodiversity have pro-
vided valuable oversight of the entire process. Nearly 200 scientists and practitio-
ners have been involved as authors or reviewers in the entire CBO project and we
are very grateful for their contributions. We thank members of the pan-European
project URBES (Urban Biodiversity and Ecosystem Services) for contributing with
the scientific input as well as perspectives from policy and practice. We thank Oliver
Hillel, Andre Mader, Chantal Robichaud, David Ainsworth and Fabiana Spinelli at
the Secretariat of the CBD, Elizabeth Pierson the Technical Editor of the CBO —
Action and Policy, Andrew Rudd from UN-Habitat and Russell Galt, Kobie Brand
and Georgina Avlonitis at ICLEI for their enormous contributions during the devel-
opment of the CBO project. We also want to thank Femke Reitsma at the University
of Canterbury, Jerker Lokrantz at Azote, and Félix Pharand-Deschénes at Globaia
for excellent help with the design of figures and illustrations. We extend our grati-
tude to Audrey Noga, Katie M. Hawkes, Megan Meacham and Laia d’ Armengol,
for invaluable assistance with the texts in the project’s final phase. The project has
intellectually benefitted from discussion with numerous members of DIVERSITAS,
IHDP and specifically members of the Urbanization and Global Environmental
Change Project (UGEC) at IHDP as well as with members of the research network
URBIO. The framework on cities representing complex social-ecological systems
has, over the years, developed significantly within the urban group in the Resilience
Alliance and the Urban theme at SRC, and we would like to specifically thank Carl
Folke, Johan Colding, Erik Andersson, Stephan Barthel, Guy Barnett, Sara
Borgstrom, Asa Gren, Charles Redman, Brian Walker and Maria Tengo. We also
want to thank UNESCO and specifically Christine Alfsen for pioneering several
ideas and initiatives, including URBIS (the Urban Biosphere Initiative), applying
the ecosystem approach to urban landscapes. The CBO project has benefitted much
from the kind contribution by the African Center for Cities at the University of Cape
Town (UCT) in South Africa. UCT hosted an important workshop in February 2012
with participants from several African countries, which resulted in a significant
contribution to the understanding of urbanization processes in Africa. A special
thanks to Pippin Anderson for assisting with the organization of the workshop. We
also want to thank Stellenbosch Institute of Advanced Studies (STIAS) for providing a
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fellowship to Thomas Elmqvist and generously sponsoring a meeting with the CBO

editorial team in Stellenbosch in December 2012.

The Cities and Biodiversity Outlook project has been financially supported by
the Government of Japan through the Japan Biodiversity Fund, UN-Habitat,
UNESCO, SCBD, by the European Union and several national research councils in
Europe through BiodivERsA, Formas, DIVERSITAS, SRC and by SIDA through
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Chapter 1
A Global Outlook on Urbanization

Karen C. Seto, Susan Parnell, and Thomas Elmqyvist

1.1 Introduction

This volume is based on the argument that, just as it is no longer possible to construct
sound ecological science without explicit attention to urbanization as a key driver of
global ecological change (Chaps. 3, 11, and 26), cities can no longer be uncoupled
from a full understanding of their ecological foundations. The populations and
economies of urban areas rely on hinterlands for resources, but there is a disconnect
between using resources for urban areas and preserving or conserving ecosystem
services that are outside of urban areas (Chaps. 2 and 3). While it is recognized that
urban areas and urban dwellers will need to begin to take greater responsibility for
stewardship of Earth’s resources (Seitzinger et al. 2012), urban sustainability efforts
often are prone to localism, thus failing to take into account the need to conserve
resources elsewhere (Seto et al. 2012a).

A history of disassociation of biodiversity, ecosystems, and urban development
alongside a belief in technological solutions gave rise to a logic of urban planning
that made it possible to imagine that the governance of urban life could be
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separated from the provision of food, water and other ecosystem services on which
all human life depends (Chap. 2). As a result, urban areas today are both more
tightly coupled to their ecological hinterlands than ever before and yet it is difficult
for urban residents and their representatives to manage urbanization sustainably.
This book is about the imperative of reconnecting cities to the biosphere; it explores
a fresh understanding of the social-ecological foundation of cities and their sustain-
ability, and details how this urban ecological embedding is being facilitated through
a new and bold urban praxis.

1.2 Five Major Urban Trends

Throughout the book we will elaborate on five major trends in the urbanization
process, which have implications for biodiversity and ecosystem services:

1. The physical extents of urban areas are expanding faster than urban populations,
suggesting that the world will require increasingly more land to build cities and
supply urban consumption as urban populations continue to increase. In some
urban areas that are shrinking in population or economic activity, new and
emerging challenges are associated with vacant or abandoned land and buildings.
Aggregated to the city level, the size of these unused areas can present new
opportunities for vegetation regrowth and challenges for urban renewal.

2. Urban areas modify their local and regional climate through the urban heat island
effect and by altering precipitation patterns, which together will have significant
impacts on net primary production, functions of ecosystems, and biodiversity.

3. Expansion of built-up areas will draw heavily on natural resources, in particular
water, timber, and energy. The continued outward growth of cities will often
consume prime agricultural land, with knock-on effects on habitats, biodiversity
and ecosystem services elsewhere.

4. Urban land expansion is occurring fast in areas adjacent to biodiversity hotspots
and faster in low-elevation, biodiversity-rich coastal zones than in other areas.

5. Most future urban expansion will occur in areas of limited economic development
and institutional capacity, which will constrain abilities to invest in the protection
of biodiversity and the conservation and restoration of ecosystem services.

Here, in the introductory chapter, we will expand on trends 1 and 2 as a foundation
for the coming chapters to elaborate on trends 3-5.

1.2.1 Trend I: Urban Areas Are Expanding Faster
Than Urban Populations

The global proportion of urban population was a mere 13 % in 1900 (UN 2006).
It rose gradually to 29 % in 1950. If current trends continue, by 2050 the
global urban population is estimated to be 70 % or 6.3 billion, nearly doubling the
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3.5 billion urban dwellers worldwide in 2010 (UN 2010), and most of the growth
is expected to occur in small and medium-sized cities, not in mega-cities (Chap. 21).
Biodiversity and ecosystem services do not represent the immediate concern for
the approximately 900 million people who live in slums with lack of basic services,
substandard housing, and unhealthy living conditions (UN-Habitat 2003). At the same
time, overall levels of urban residents’ consumption are rising, placing greater
strain on the resource base and increasing the imperative to allocate natural assets
fairly and equitably. While mega-cities are the focus of much attention, it is the
medium-sized cities (with populations of 1-5 million) that will experience the fastest
rates of urban growth, and in fact most of the world’s urban population will live in
small cities of less than one million by 2050 (Chap. 21).

Urbanization is a complex and dynamic process playing out over multiple scales
of space and time (Grimm et al. 2008a, b). Historically, cities have been compact
and have concentrated populations. Today, cities are increasingly expansive. Across
the world, urban areas are growing on average twice as fast as urban populations
(Seto et al. 2011; Angel et al. 2011). In addition to being increasingly physically
expansive, urban land change is also predominantly characterized by peri-urbaniza-
tion, the process whereby rural areas both close to and distant from city centers
become enveloped by, or transformed into, extended metropolitan regions (Simon
et al. 2004; Aguilar et al. 2003). This results in a tight mosaic of traditional
and agricultural juxtaposed with modern and industrial land-uses and governance
systems (Chaps. 8 and 26). As a physical phenomenon, peri-urbanization involves
the conversion of agricultural land, pastures, and forests to urban areas. As a social
phenomenon, peri-urbanization involves cultural and lifestyle adjustments of agrarian
communities as they become absorbed into the sphere of the urban economy. In
developing countries, especially in Asia and Africa, peri-urbanization is the most
prominent form of urban growth and urbanization, with different characteristics
across countries and regions. As a result, emerging urbanizing regions represent
probably the most complex mosaic of land cover and multiple land uses of any
landscape (cf. Batty 2008a, b).

What Is Urban?

There is no general agreement on a definition of what is urban, and considerable
differences in classification of urban and rural areas exist among countries
and continents. Most comparative assessments use national definitions, even
though these are not comparable measures. In Europe and North America, the
urban landscape is often defined as an area with human agglomerations and
with >50 % of the surface built, surrounded by other areas with 30-50 % built, and
overall a population density of more than ten individuals per hectare. In other
contexts, population size, the density of economic activity or the form of gover-
nance structure are used to delineate what is a town, city, or city region, but there

(continued)
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(continued)

is significant variation in the criteria for defining what is urban. In this book, we
use a working definition of urbanization as a multidimensional process that
manifests itself through rapidly changing human population and changing land
cover. The growth of cities is due to a combination of four forces: natural
growth, rural to urban migration, massive migration due to extreme events, and
redefinitions of administrative boundaries.

Understanding and disaggregating the demographic transitions associated
with the future urban world is an essential step in assessing the ecological
impact of cities (Chap. 21). For now, in the absence of robust sub-national
census information on migration or fertility, all the urban data need to be
treated as indicative.

While everyone struggles to define exactly what is meant by a city, nobody
negates the shifting patterns of urbanization or the overall growth of cities. In
this volume we introduce the framework of cities as complex social-ecological
systems (see Chaps. 2, 11, and 33), since they include much more than a par-
ticular density of people or area covered by human-made structures.

There is significant variation in urbanization across and within countries and it is
important to recognize that there is no single “urban transition.” For example,
Brazil’s urban population reached 36 % in 1950, whereas India’s urban population
is currently at 31 %. In Russia, central planning led to a high proportion of large
cities relative to small ones, and disproportionate urban primacy (Becker et al.
2012). Rates and periods of urbanization, cultural patterns of land use and the bio-
physical conditions that urban managers face vary tremendously.

Although cities have existed for centuries, the urbanization processes today are
different from urban transformations of the past in significant ways, the most
important of which are:

(1) the scale, (2) the rate and (3) the shifting geography of urbanization.

1. The scale of urbanization is unparalleled in terms of urban population size,
urban extent, and the sheer number of large urban areas (Seto et al. 2010).
Today’s cities are bigger than those at any other time in history in terms of their
populations. In 1900, there were no cities with a population of ten million. Today,
there are 19 urban agglomerations with populations of ten million or more;
Tokyo-Yokohama has a population of nearly 40 million (see Fig. 1.1). Urban
areas have also become extraordinarily large in physical size. The urban extent
of Tokyo-Yokohama covers 13,500 km? an area that is bigger than Jamaica
(11,000 km?). The number of large cities is also unparalleled. At the start of
the 1800s when the world population was around one billion, Beijing was the
only city with a population of one million. Today, there are nearly 400 cities with
populations of over one million.
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Fig. 1.1 Global urbanization and biodiversity hotspots, 1950-2025. For a definition of hotspots,
see Chap. 22 (Reproduced from Secretariat of the Convention on Biological Diversity 2012, p. 8.
Prepared by and published with kind permission of © Femke Reitsma 2012. All rights reserved)

2. The rate of urbanization is a major characteristic of this century. It took all of
history until 1960 for the world urban population to reach one billion, but only
26 additional years to reach two billion. In cities and towns across the developing
world, the growth of urban population translates into everyday challenges for
city managers and residents as they seek to ensure the physical infrastructure and
resource supplies on which new urban residents’ livelihoods will depend. While
some aspects of household security and economic opportunity can be achieved
through individual effort, living in a city inevitably implies some dependence on
collective organization. There is considerable debate on how much government
or what form of government is most appropriate to a sustainable city and even
how government should work with others to enable intergenerational urban
opportunity while protecting the environment (Chap. 27). As several of the forth-
coming chapters and the city case studies illustrate, significant energy and com-
mitment is being directed toward finding ways to work together to reconfigure
the governance of cities, city regions and the network of cities in ways that
enhance rather than detract from Earth’s biodiversity.

3. The geography of urbanization is shifting. The world’s 20 fastest-growing urban
regions are in Asia and Africa, not Europe or North America (Chaps. 4, 13, 14,
15, and 28). The urban transition in Europe and South America occurred in the
1950s through the 1970s (Chaps. 13, 14, 15, and 28). Urban growth in the com-
ing decades will take place primarily in Asia (China and India in particular)
(Chaps. 4, 5, and 6) and in Africa (especially Nigeria) (Chap. 23) and expand
into farmland, forests, savannas and other ecosystems. Whereas the urbanization
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Fig. 1.2 Predicted urban growth from 2010 to 2025 for cities that have a population of greater than
1 million people in 2010 (Reproduced from Secretariat of the Convention on Biological Diversity
2012, p. 12. Prepared by and published with kind permission of © Femke Reitsma 2012. All rights
reserved)

levels in the Americas and Europe are already high—80 % in South America and
75-78 % in Europe and North America—the urban populations on the continents
of Africa and Asia are less than 40 % of total population. Over the next two
decades, while the rural population will also rise, the urban populations of both
continents are expected to increase to more than 50 %, and parts of Africa and
Asia will have urban growth rates of more than 5 % (Fig. 1.2). The location of
urban land change will parallel these changes in population growth. China and
India will experience significant expansion of urban built-up area, as will Nigeria
(Chap. 21). A majority of these new urban residents will be relatively poor, with
estimates that between one-quarter and one-third of all urban households in the
world will live in absolute poverty (UNEP 2002).

When analyzing the most vulnerable areas, it is clear that coastal ecozones are
important and predominantly urban (McGranahan et al. 2005, 2007), and in particu-
lar are home to the largest cities. Globally, approximately 400 million people live
within 20 m of sea level and within 20 km of a coast (Small and Nicholls 2003).
Many large cities occupy coastal locations that are flood prone and vulnerable to
extreme events, although there is a wide range in the distribution of vulnerability
across cities and even among different communities within cities (Parnell et al.
2007). Hurricane Sandy in 2012 and the Asian tsunami in 2004 showed that all
cities—even those in wealthy countries—are vulnerable to disasters and extreme
climate events, and that coping capacity and resilience differ significantly among
cities. In cities of the developing world, adapting to increased risk is understandably
more difficult, not just due to the limits on resources. In many African and Asian
cities and towns, local officials rarely have full knowledge of, or control over, the
evolving urban form because planning and enforcement capacity is weak or illegiti-
mate (Chaps. 7, 8, 24, and 29). High levels of informality in urban areas may even
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make parts of the city impenetrable, compounding vulnerability and precluding the
use of ecosystem based adaptation to risk.

Despite the importance of urbanization as a defining trend in the twenty-first
century, we lack critical information and data about urban areas and urbanization
processes. For example, while the UN World Urbanization Prospects publications
provide country-level information on the percentage of populations in urban areas,
they do not supply intra-country variations of urban population distribution, the
location of urban areas, or changes in urban areas (for a detailed discussion on
themes that appear in debates over data and methodologies utilized for generating
global population projections, see Box 21.1). Furthermore, information about qual-
ity of life and basic socioeconomic variables such as education and equity are not
available or collected across cities in a systematic fashion. There have been recent
efforts to develop comparable city and urban indicators that measure a range of
urban services (e.g., Global City Indicators Facility, UN Global Urban Indicators),
but these efforts are only now underway and developing time series will take years
in the making. Even so, additional challenges are presented in that these undertak-
ings tend to represent larger cities rather than all cities and towns.

1.2.2 Trend 2: Urban Areas Modify Their Local
and Regional Climate

Cites are not just subjected to risk, they are also drivers of changes in climate and
ecosystems. Land-cover changes associated with urbanization have considerable
impacts on temperature and precipitation in and around urban areas (Seto and
Shepherd 2009). The most studied manifestation of urban modification of regional
climate is the urban heat island (UHI). The conversion of vegetated surfaces to hard-
made surfaces modifies the exchange of heat, water, trace gases, and aerosols between
the land surface and overlying atmosphere (Crutzen 2004); this leads to the “urban
heat island effect,” characterized by elevated daytime and nighttime temperatures in
and near urban areas (Oke 1974; Arnfield 2003) compared to surrounding regions.
The urban heat island effect has been documented for nearly 100 years (Howard
1833) and is affected by the shape, size, and geometry of buildings as well as the
differences in urban and rural gradients. The role of the urban heat island in regional
climate has been the subject of numerous investigations. However, the impact of
urbanization on regional climate extends well beyond the UHI. The concentration
of activities (e.g., transport, industrial production) in urban areas produces patterns
of aerosols, pollution, and carbon dioxide that are more highly concentrated in
urban areas than in non-urban, rural areas (Pataki et al. 2007). Aerosols affect
regional climate by scattering, reflecting, or absorbing solar radiation. Whether
aerosols produce a cooling or warming effect depends on the aerosols in question:
sulfates produce a cooling effect while carbon-based aerosols produce a warming
effect. There is mounting evidence that urbanization affects precipitation variability,
a phenomenon described as an “urban rainfall effect” (Shem and Shepherd 2009).
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In some parts of the world there is an observed increase in regional precipitation
due to urbanization, while in other regions there is a measurable decline in
precipitation.

In addition to the UHI and urban rainfall effects, urbanization significantly affects
terrestrial carbon cycle by reducing net primary productivity (NPP). In China,
regional annual primary production decreased by 14 % during the 1991-2001
period (Xu et al. 2007) and in some localized cases in South China, resulted in an
average annual reduction of 45.93 Gg of carbon (Deyong et al. 2009). In the United
States, NPP losses from urbanization alone are roughly equivalent to about 6% of
the annual caloric requirement of the U.S. population (Imhoff et al. 2004).

1.2.3 Trend 3: Urbanization Increases Demands
on Natural Resources

Urban expansion affects the demand for natural resources required for the construc-
tion and operation of built environments. Studies show that increases in energy and
material use efficiencies at the building scale can substantially reduce energy con-
sumption and resource demand (Gustavsson and Sathre 2006; Fernandez 2007).
These studies emphasize technological and efficiency improvements, but neglect
the scale and spatial configuration of urban land use. At the metro region scale, there
is emerging consensus that compact urban development can reduce demand for raw
materials from buildings and infrastructure (Wheeler 2003; Sovacool and Brown
2010). Studies that examine both improvements in efficiency and scale of urbaniza-
tion show that gains in efficiency at the building scale are often overshadowed by
the sheer magnitude of urban expansion (Giineralp and Seto 2012). Moreover,
changes in lifestyles and consumption patterns associated with urbanization, espe-
cially increasing demand for residential energy and water, is placing dramatic pres-
sures on ecological services (Hubacek et al. 2009).

1.2.4 Trend 4: Urban Expansion Is Increasing Near
Biodiversity Hotspots

By 2030, new urban expansion will take up an additional 1.8 % of all biodiversity
hotspot areas (Seto et al. 2012b). Case studies from around the world show that
urban expansion in and near critical habitats is ubiquitous both in developing and
developed countries (Wang et al. 2007; Pauchard et al. 2006) (Fig. 1.1). Almost
90 % of the protected areas likely to be impacted by future urbanization are in rap-
idly developing low- and moderate-income countries (McDonald et al. 2008). Five
biodiversity hotspots are forecasted to have the largest percentage increase in adja-
cent population and highest probability of becoming urbanized by 2030: the
Guinean forests of West Africa, the Caribbean Islands, Japan, the Philippines, and
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the Western Ghats and Sri Lanka (Seto et al. 2012b). Worldwide, 32,000 km? of
protected areas were urbanized circa 2000, representing 5 % of global urban land
(Giineralp and Seto 2013). In Europe, where there is an extensive protected area
network, more than 19,000 km? of protected areas were urbanized circa 2000. That
is, 13 % of the total urban land in Europe was located in protected areas. China and
South America also had substantial amounts of urban land within their protected
areas with 4,500 and 2,800 km?, respectively (i.e., 6 and 3.5 % of their respective
urban lands).

Recent analyses show that there will be substantial growth in urban land across
the world near protected areas in the next couple of decades (Fig. 1.1). In general,
the largest increases in the amount of urban land near protected areas are forecasted
in developing countries and emerging economies. The greatest increases in urban
land around the protected areas will take place in China with the amount of urban
land increasing as much as three to seven times over 30 years (Giineralp and Seto
2013) (Chap. 5).

1.2.5 Trend 5: Urbanization Influences the (Green) Economy

There is an evident trend towards economic reasoning in the sustainability agenda,
although clearly not all dimensions of a city’s ecology can (or should) be expressed
in monetary terms or in terms of fiscal risk or economic return (Chap. 11). There is
some concern that the green agenda, in which biodiversity and climate change are
key drivers, has become dominated by an economic rationale (Marvin and Hodgson
2013). Nevertheless, across the cities of the world, governments and private devel-
opers have turned increasingly to defining economic value of ecosystem services in
hopes to drive a greater integration of ecological principles of urban design, con-
struction and management.

What is meant by ‘the green urban economy’ is deeply influenced by context. At
a very general level it is possible to detect three overlapping tendencies in the green
economy agenda that relate directly to how urban biodiversity challenges are under-
stood. First, as the dependent relationship between the quality of the natural envi-
ronment of cities and the quality of urban life and urban livelihoods becomes more
apparent, the economic value of biodiversity becomes more obvious, but the means
for raising revenue to protect these ecological amenities for public access often
remain opaque. Second, austerity and the social desire to reignite the economy,
especially in Europe and North America, has placed expectations of growth on the
introduction of green economic innovations (Marvin and Hodgson 2013). More
generally, but especially in the growing cities of Asia and Africa, the economic
anticipation of a bigger emphasis on urban biodiversity and ecosystem services
extends beyond the trend of green construction and incorporates also the growth of
green production, distribution and consumption.

Third, for cities in the global south, the urban management of ecological
resources, even when there are potential returns on investment, is complicated
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because both urban management capacity and revenues are limited. But the problem
is not only local, raising significant governance problems. In China and regions of
India, international capital, especially multi-national corporations, international real
estate developers and property management firms have become major actors in shaping
local patterns of development (Seto et al. 2010), and the influx of international capi-
tal also increasingly affects local urban consumption patterns (Davis 2005).

1.3 Cities and Their Dependence on the Biosphere

After decades of mutual neglect and an artificial divide between nature on the one
hand, and cities on the other hand, there is now a shift in ecological science to
include urban places as integrated components of long-term resilience (Chaps. 17,
18, and 19). Urban planners are also increasingly acknowledging that cities have
an important role as stewards of the ecosystems on which they depend and that
functioning natural systems such as watersheds, mangroves, and wetlands are
indispensable for supporting health and vibrant livelihoods as well as reducing
urban vulnerabilities to natural disasters. This will be the theme of much of the rest
of the book, starting with a historical overview of how the urban disconnection
from the biosphere gradually emerged and accelerated, followed by a look at more
contemporary efforts that have begun to reconnect cities to the ecosystems upon
which they depend.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction
in any medium, provided the original author(s) and source are credited.
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Chapter 2
History of Urbanization
and the Missing Ecology

Thomas Elmqyvist, Charles L. Redman, Stephan Barthel,
and Robert Costanza

Abstract In this chapter, we explore the historical dimension of urbanization and
why the ecology of urbanization has, until recently, been missing. We discuss the
consequences of this for our perceptions of urbanization throughout history and also
discuss the emerging reintroduction of ecology and the concept of natural capital
into the global discourse on urbanization and sustainability. Humans and the
institutions they devise for their governance are often successful at self-organizing
to promote their survival in the face of virtually any environment challenge.
However, from history we learn that there may often be unanticipated costs to many
of these solutions with long-term implications on future societies. For example,
increased specialization has led to increased surplus of food and made continuing
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urban growth possible. But an increased urban—rural disconnection has also led to
an alienation of food production from the carrying capacity of the land. While con-
nections and feedbacks with the hinterland that supported growing urban centres
were often apparent in the past, this has increasingly been lost in a globalized world.
The neglect of a social-ecological perspective and the current disconnect between
the urban and the rural risks mean that important feedback mechanisms remain
invisible, misinforming policy and action with large consequences for global sus-
tainability. We argue that through reintroducing the social-ecological perspective
and the concept of natural capital it is possible to contribute to a redefinition of
urban sustainability through making invisible feedbacks and connections visible.

2.1 Human History and Urbanization

History offers many lessons relevant to sustainability by exhibiting how humans and
their societies have recognized and responded to challenges and opportunities of
their natural environment (Redman 1999; Diamond 2005; Costanza et al. 2007a;
Sinclair et al. 2010). Three of the basic approaches to problem solving in antiquity
were: (1) mobility of people to available resources, (2) ecosystem management to
secure enhanced local growth of produce, and (3) increasing social complexity
encoded in formal institutions that guided an expanding range of activities. These
solution pathways were fundamental to the rise of early civilizations and are instru-
mental for integration in the design of sustainable cities in the future (Redman 2011).

2.1.1 Three Approaches to Human Problem Solving
and the Emergence of Cities

The first approach, mobility of people to available resources, has been the dominant
way of securing adequate subsistence for the vast majority of the human enterprise.
Until 10,000 years ago (and more recently in many regions) virtually all people had to
move among several locations each year to take advantage of the seasonality of ripen-
ing resources and variation in water availability. The dominance of this pattern was
only broken by the introduction of agriculture that allowed the establishment of
year-round settlements in many regions of the world. Agriculture is thus an example
of the second approach to problem solving, ecosystem management for enhanced
productivity. This has proven to be an astonishingly successful solution to feeding an
ever-increasing global population and to enabling virtually all people to live in perma-
nent settlements (for an overview of human and agricultural development and links
to other events through human history, see Fig. 2.1). In fact, the implementation
of agriculture and the infrastructural improvements made to enhance productivity
were strong incentives for the spread and growth of sedentary communities. A highly
effective human-nature relationship emerged from millennia of experimentation—i.e.
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Fig. 2.1 Overview of human history, urban growth, development of agriculture, technology and
industry as well as corresponding links to economic growth (GDP), environmental changes
and changes in land use (Modified after Costanza et al. 2007a. Published with kind permission of
© The Royal Swedish Academy of Sciences. All Rights Reserved)

the village farming community—and became the dominant settlement form across
the globe. Small settlement sizes, flexibility in the sources of subsistence, and a
balance between extraction from and the regeneration of the local ecosystem made
this the most enduring and widespread community type. Although it existed as early
as 9 or even 10,000 years ago in the Near East, the concept spread or was reinvented,
and similar farming communities housed over half the world’s population as recently

as the middle of the twentieth century.
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The village farming community proved to be a highly resilient socio-economic
unit, yet some of these communities expanded on their approach to ecosystem
management to the point where larger aggregations of population were necessary
to supply the required labor.

A third approach to problem solving emerged, however, when larger populations
required a transformation in the social order, which was largely achieved through
innovations in social complexity. This is at the heart of what scholars call the Urban
Revolution and it appears to have occurred first in Mesopotamia (Childe 1950;
Redman 1999). The formation of the first cities and their linking together as one
civilization on the Mesopotamian plain was relatively rapid, considering the scope
of the social and technological changes involved. In about 5500 BC, only 2,000 years
after the earliest known occupation of this region, cities emerged, and writing and
other traits of urbanism such as monumental buildings and craft specialization had
appeared. The rise of cities is not simply the growth of large collections of people—
rather, it involves communities that are far more diverse than their predecessors
and more interdependent. Relative independence and self-sufficiency characterized
village farming communities, but it also limited their growth. Specialization in the
production of various goods and complex exchange networks represented one way
in which urban societies were able to grow. Cities were dependent on their hinter-
lands of surrounding towns and villages and developed ways to extract goods and
services from their neighbors (see left panel in Fig. 2.2). It is clear that technological
inventions such as effective irrigation agriculture, the manufacture and widespread
exchange of goods, and the advance of science and mathematics were fundamental
to the growth of cities. In turn, cities became and continue to be centers of innova-
tion. Moreover, new inventions in the social realm, such as class-structured society,
formalized systems of laws, and a hierarchical territorially-based government made
cities possible and have continued to characterize their operation.

2.1.2 Early Development of Cities

The landscape-productivity-human relationship evolved in villages and towns; this
enabled the growth of large, diverse populations that would aggregate into what
are now called cities. The cities of antiquity in Mesopotamia and other regions
responded to the specific opportunities and constraints of their local social and eco-
logical environment, yet general patterns emerged that share commonality with
contemporary cities and may provide useful insights (Simon 2008; Smith 2012).
The hallmarks of cities are: (a) a large population that (b) aggregates in a central
location with (c) buildings and monuments that (d) represent institutions that organize
and facilitate productivity. From the earliest times in Mesopotamia and in other
regions, aggregations of people and their wealth have been threatened by military
hostilities and they have repeatedly sought refuge behind strong defensive fortifications
(Redman 1978). This has led to densely packed cities behind defensive walls, but at
the same time growing rural to urban migration has led to settlements spreading
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Fig. 2.2 Urban centers have moved from being more directly linked to their hinterlands and
resource base to a situation where food and other resources are transported across the globe resulting
in complex and often masked feedback mechanisms (Prepared by and published with kind permission
of © Jerker Lokrantz/Azote 2013. All Rights Reserved)

outside the walls, a phenomenon that today one might call sprawl. This pattern of
densely packed housing and central institutions within the walls, and residential
settlement spreading far beyond the walls was frequent in the Near East, Asia, and
Medieval Europe (Boone and Modarres 2006). In fact, Marco Polo reported that
around the Mongol capital that would eventually become Beijing, “There is a suburb
outside each of the gates, which are 12 in number, and these suburbs are so great
that they contain more people than the city itself” (reported in Smith 2010).

A different type of sprawl characterized the layout of other ancient cities where
residences were interspersed among agricultural plots in an extensive low-density
continuum surrounding central institutional buildings and monuments. Scholars
have identified this settlement structure among the cities of the Khmer of early
medieval Cambodia, the classic Maya of Central America, and some precolonial
African societies (Evans et al. 2007; Scarborough et al. 2012; Simon 2008). The
capital city of the Khmer, Angkor, is well known for its central temples and massive
hydraulic works, but it was supported by a vast sprawl of residences, farm plots,
local ponds, and an infrastructure that tied together roughly 1,000 km? of low
density urbanism (Evans et al. 2007). Low density urbanism also characterized
many of the major Mayan cities, such as Tikal in Guatemala and Caracol in Belize,
where major constructions of temples, pyramids and palaces in a central location
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were surrounded by a vast spread of housing complexes, agricultural plots, and an
infrastructure of roads, causeways, and reservoirs tying them together (Scarborough
et al. 2012). In both of these cases, agriculture within the broadly defined urban
boundaries provided a major share of the city’s subsistence; this highlights the
ancient roots of the modern revival of urban agriculture (Barthel and Isendahl 2012).
Examining events and processes in the past often will provide useful insights
into the origin of driving forces that impact cities today. However, the productive
relationships that underlie the growth and success of cities may at the same time lead
to relationships that are maladaptive, creating increased long term risks. For example,
the concept of private property emerged to replace weak sense of ownership, lack of
ownership, and/or the concept of community ownership. Farmers were increasingly
able both to produce more food than their family required and they found ways to
store this surplus for trade or for guarding against future bad harvests. However, one
could only eat so much and a variety of factors limited the amount of food that could
be effectively stored, including the ability of landlords and elites to appropriate
some of the surplus through taxes. Hence the stimulus to produce a surplus remained
limited in most farming villages. What changed this relationship, and is key to the
growth of urban society, is the ability to transform locally produced surplus food into
enduring prestige items associated with elevated status. This could only take place
under a new social order that acknowledged classes with differential wealth, access
to productive resources, power, and status. The promulgation of such a social order
required an ideology (through religion, myth, constructed history, and/or law)
that legitimized the existence of elite classes and the precious goods that helped to
identify them. Of significant importance was that along with the evolution of private
property, surplus production, elite goods, and hierarchical class society, the inheri-
tance for membership in these classes and ownership of precious goods became more
often defined by family and clan rather than merit. Strength, agility, and intelligence
certainly were important, but which family, clan, and class one was born into set
the limits on one’s future potential in the age of early cities; to some extent, these
constraints continue to operate today (Adams 1966; Prahalad 2005; Scott 1998).
Organizing society into hierarchically stratified classes became widespread as
urbanization proceeded; this stratification continues to characterize most regions of
the world up to the present day. This administrative framework and the widely
accepted ideology that legitimize it became effective means of organizing large
groups of people and large-scale productive activities. Territorially-based authority
also emerged largely through successful military action and a monopoly on the use
of coercive force. This secular authority also needed a source of legitimization,
which often manifested in the form of constructed histories, law codes, and institu-
tions of management and enforcement. Not surprisingly, in Western, Middle Eastern
and some Asian societies, religious- and secular-based authorities interacted closely
and often have been unified into a single entity or a closely cooperating team.
Hence, in the newly emergent urban society of Mesopotamia—and later elsewhere
across the globe—people could produce more, larger numbers of people could live
in a single community and be marshaled as a labor force, sacred orders were established
and widely accepted that legitimized the social order and explained appropriate
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behavior, and security was provided through a monopoly on the use of force and
formal systems of laws. This new social and governing order was often reaffirmed
through the construction of massive monuments, the performance of complex
rituals, and expression through large-sized representational art. The concentration
of people, stored supplies, and elite goods led to early cities being targets for raiding
and organized military activity; this in turn led to further investment in defense
walls and armies to defend cities. This cycle of concentration of wealth leading to
military aggression, leading to investment in armies for defense and offense pur-
poses is a cycle that dominates all of human history and can be seen operating today
at many levels (Adams 1966; Scott 1998).

2.1.3 Disconnecting the Urban from the Rural: Alienation
of Food Production from the Carrying Capacity of Land

Although there is great variation between different urban histories, large numbers of
people aggregating into cities generally allowed for specialization of labor and other
efficiencies of scale. This often generated the outcome that a large proportion of
urban people were no longer self-sufficient in food production and hence, a greater
proportion of people elsewhere in rural areas were be responsible for growing food
for themselves, for the people in the city, and enough to monetarily offset the cost
of transport and distribution. This put a tremendous burden on rural farming com-
munities to produce much more than they would if solely working to supply enough
for themselves. As the societal roles of the urban and rural populations grew increas-
ingly different and complex, the objectives and understandings of these populations
changed as well. Farmers experienced a shift away from traditional practices of the
earlier village-farming era, in which they would have more intimately understood
the landscape and productive systems and would have been inclined toward conser-
vation practices wherein they balanced extractive activities with the regenerative
capabilities of the land. The urban elite also experienced a shift away from tradi-
tional subsistence practices, and began to focus on the net produce they were able to
extract from the countryside (or urban industries) and insisted on maximum produc-
tion with little knowledge of, or concern for, the potential deleterious effects on the
rural landscape (Jacobsen and Adams 1958; Redman 1999). However, the disregard
for local dynamics of ecological integrity was not simply the product of urban
demand; rural land owners, and national and transnational agricultural businesses
were also instrumental in the alienation of food production from the carrying capac-
ity of land. The rise of population that the enhanced production of food facilitated
was not accompanied by innovation in trans-locational governance or in governance
regimes that integrated cities and their hinterlands. In an ideal hierarchical society,
even though decision-making authority would be concentrated at the top, one
could assume that knowledge would travel up the hierarchy, and that informed
decisions and concern would be displayed by decisions that traveled down the
hierarchy. This was, however, seldom the case, and rather the dominant pattern was
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of maximizing short-term returns with little concern for long-term consequences.
In many instances, archaeological evidence attests to the intense environmental
degradation in the regions around ancient cities, and one can see the impact of urban
demand on the rural countryside continuing today (Diamond 2005; Redman 1999)
(Fig. 2.2). In Chaps. 22 and 26, we highlight the impact of the rising urban demand
for food that is resulting in a competition for agricultural land; this competition is a
global trend in land use that is largely unregulated.

Other outcomes of an increased urban efficiency create challenges of their own.
Many of the world’s devastating contagious diseases were virtually non-existent
until the growth of dense urban populations. The spread of the plague, small pox,
measles, cholera, and many other diseases can be traced to a combination of humans’
close association with domestic animals and living in large, dense populations.
Cities were the centers of people, economic activity, and the arts, but until public
health innovations of the twentieth century, cities were also the centers of disease,
many of them fatal. Urban agglomerations that are now better connected to each
other through air transport continue to pose major health and biodiversity risks,
necessitating a rethink of the global response to urban plant- and animal-disease
outbreaks. The positive aspects of large urban populations described above also cre-
ated new challenges that were unknown when the largest communities were several
hundred people or less. The simple issue of knowing who everyone is and how to
act toward them can no longer be easily handled when a community grows beyond
500 people. Similarly, tranquility and security break down as the population aggre-
gation grows larger; this prompts the introduction of formal, less personal solutions
to human interactions and security. Similar challenges that grow with scale of the
community, such as transport of people and goods, sanitation, and supply of water
and food need to be addressed by formal institutions beyond the extended house-
hold. While these more public governance regimes may confer social and economic
liberties on some urbanites, especially women, the shift away from the (often male)
head of household and community leaders and toward appointed or elected city
authority does increase individuals’ dependency on the central authority for basic
needs, including personal health and ecosystem integrity.

2.1.4 Lessons for the Future

Several lessons stand out from this brief review of early urbanism. First, humans are
amazingly successful at self-organizing to promote their survival in the face of any
environment challenge, but there are unanticipated costs to many of these solutions
and continued implications for future societies. People manage their social-
ecological systems according to their often-limited perceptions of the opportunities
and risks, and how they value the alternatives. However, this valuation process may
appear very different to people in different social positions and the true “costs” of
some alternatives are not recognized at the time; ultimately, they may even threaten
the society’s very survival. In general, people respond to problems and opportunities
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by transforming biota, landscapes, and the built environment so that their immediate
net yield is increased and perceived risks are reduced even though native biota and
ecological systems may be degraded. Humans also create new values and institu-
tions for collective action to control and optimize the shifting capacities and risks
presented by their evolving environments. These collective responses are seen most
obviously (but by no means exclusively) in the nineteenth and twentieth century
rise of corporations, nation states, and local governments. These structures of power
represent the product of struggle, and not all the impacts of individual or collective
decisions provide pathways toward a more sustainable and desirable existence.

2.2 Urbanization, Ecosystems and Ecosystem Services

2.2.1 Urban Food Production

Even though ecosystems have been overlooked in urban scholarship (Sinclair et al.
2010), it is evident how significant urban green and blue spaces have been histori-
cally in producing a range of provisioning ecosystem services, such as agricultural
produce, fish, game, water and fuel (Fraser and Rimas 2010; Redman 1999). In
contemporary cities, approximately 200 million urban residents produce food for
the urban market, and provide 15-20 % of the world’s food (Armar-Klemesu 2000).
For example, in Dar es Salaam, 90 % of all vegetables consumed originate from
urban and peri-urban agriculture; the same is true of 60 % of all vegetables in Dakar,
and in Hanoi, 58 % of the rice consumed is produced within the jurisdiction of the
city (Moustier 2007; Lee-Smith 2010; Lerner and Eakin 2011). Such figures are
much lower in Southern African cities (Simon 2013; Battersby 2007), and low
but on the increase in some European and North American cities (Simon 2008)
(for three historical examples of urban food production see Box 2.1).

2.2.2 Urban Green Spaces

Not all of the green space in pre-industrial urban landscapes, however, was used to
produce food. For example, open spaces have often been used as religious sites and
as cemeteries. In many cities, particularly European, pleasure parks and pleasure
gardens for purely recreational uses have also been present in cities since millennia,
but these have mainly been the privilege of emperors, kings and other urban elites.
In Stockholm, for instance, ordinary citizens were not allowed to enter such parks
and gardens until the mid-1700s (Barthel et al. 2005). The main social drivers that
led to a shift toward public use of such green spaces were the rapid urbanization
during the industrial revolution, in combination with emerging social values inspired
by the Romantic Movement and the French Revolution (Barthel et al. 2005).
However, clear delineations between urban and rural areas and use of urban green
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spaces for purely recreational purposes did not emerge until the nineteenth and
twentieth centuries, and were reinforced by the development of a globalized
economy, the fossil fuel energy regime, and technological innovations such as
the steam engine and the railway (McNeill 2000; Barthel and Isendahl 2012; Barthel
et al. 2013). Across Swedish cities, urban food production was ubiquitous until
the development of the railway network, and the towns were in fact producing 50 %
of their food consumption within their boundaries, and some were producing
much more. For instance, in the mid-1700s, Uppsala produced more food than the
city dwellers themselves consumed and the surplus was exported outside the city
(Bjorklund 2009).

However, the mental models that developed among urban theorists in the begin-
ning of the 1900s soon excluded the rural aspects of life in the city. One example is
the Chicago School of urban sociology. Based in ecological theory (cf. Clements
1916) and using Chicago as a case study, the Chicago School of urban sociology
emerged in the 1920s and 1930s to establish a modernist understanding of urban life
as separate from rural life (McDonnell 2011). The idea of cities as separate entities
essentially detached from their broader life-support systems (Wirth 1938) was
strongly linked to major innovations in transportation technology as Chicago
became an important hub in the U.S. railroad network in the 1850s, and food trans-
portation over great distances became possible. Establishment as a railroad hub
enabled Chicago to grow rapidly from a few thousand inhabitants in the 1850s to
over two million in the early 1920s. Industrial-era technological innovation, cheap
and efficient travel, and economic growth (opening new markets, speeding up pro-
duction cycles, and reducing the turnover time of capital) catered for the first wave
of space-time compression! (Harvey 1990). Hence, the modernist ideology under-
pinning the emergence of urban planning during the early decades of the 1900s
distinctly separated local agricultures and other rural dimensions as obsolete in
futuristic and normative understandings of the city as an autonomous social system
(Barthel and Isendahl 2012).

2.2.3 Historical and Cultural Dimensions of Urban
Biodiversity

Urban green infrastructures, often rich in species, are, in most parts of the world,
remnants of domesticated landscapes with a long-term history of land use. There are
exceptions to this in regions that do not have a long-term history of agriculture, for
example in parts of Oceania, South Africa and North America. It is in the cultural
landscapes that biodiversity and ecosystem services are produced, and over which
growing cities expand (James et al. 2009). Habitat legacies include long-lived spe-
cies, meadows, gardens, ponds, agroforestry areas, satoyama systems, hedges, and

'Socio-economical processes that accelerate the pace of time and reduce the significance of
distance.
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Box 2.1 Three Historic Examples of Urban Food Production
and Emergence of Biodiversity-Rich Urban Landscapes

Ancient Mayan Cities. Cities in Meso-America traded a variety of food
commodities both short- and long-distance (Dunning 2004; Isendahl 2006),
but seasonally impassable rivers and energetically costly overland transports
put a relatively high cost on trade and inhibited bulk-staple exchange (Isendahl
2006, 2012). Hence, much of the food consumed by the urban Maya Indians
came from proximate lands (Isendahl 2006, 2012). For instance, large sectors
of fertile soils inside the urban landscape were devoid of settlement construc-
tions, but were used as city infields (Isendahl 2012). The management of these
infields in Mayan cities was markedly different from the larger and state-
owned farmstead gardens (Barthel and Isendahl 2012; Isendahl 2012), which
were put under tremendous pressure when competition between city-states
intensified, a condition which at least partly contributed to the collapse of
Mayan cities in the tenth century AD (Tainter 2011). The infields were used as
household farmstead gardens, which concentrated agricultural knowledge and
stewardship of the agricultural biodiversity that was the ultimate survival strat-
egy for the populace (Ford and Emery 2008). Owing to residential proximity it
was most carefully tended, and most carefully fertilized by the organic waste
concentrated by city dwellers, and was used for plant breeding, experimenta-
tion, and for seed storage (Ford and Nigh 2009). The household farmstead
garden held the key to a resilient flow of urban ecosystem services and pro-
vided food security for the population (Barthel and Isendahl 2012). Remnant
urban ecosystems and the rich levels of biodiversity found in the urban Yucatan
today are hence viewed to be the products of a millennia-long co-evolution in
cultural landscapes (Ford and Emery 2008; Ford and Nigh 2009).

Constantinople. Different in many respects from Mayan cities, Constantinople,
the capital of the Roman cum Byzantine Empire from the fourth century
AD until 1453, got its main source of staples of grain from the Nile Valley and
was brought in by trading vessels averaging 40-50 tons each in capacity
(Balicka-Witakowska 2010). Although these supply lines were subjected to
the difficult winds of the eastern Mediterranean and the fluctuations of Nile
river dynamics, the most severe threats to food security were the sieges and
blockades that distinctly cut food- and water-supply lines; these disruptions
occurred on average every 65 years during the last 1,000 years (Barthel et al.
2010b; Barthel and Isendahl 2012). The most difficult blockade on the food
supply lines, at the end of the fourteenth century AD, lasted an astonishing
8 years, but it did not succeed in starving out the urban population (Ljungqvist
et al. 2010). To accommodate growth and respond to food and water
insecurities during such sieges, an additional wall (the Theodosian
Wall) was erected 1.5 km westwards of and about a century after the first

(continued)
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Box 2.1 (continued)

(the Constantine Wall). Major water cisterns and a 3 km? green common used
for cultivation and pasture area were allocated between the old and new walls.
This area, in addition to the 2-km-wide buffer zone of farm fields immediately
outside the Theodosian wall, resulted in a total of 15 km? of agricultural lands
in direct proximity to the urban core; these lands were used as main sources
of food production during periods of siege. Even in a city exhibiting a rela-
tively compact urban spatial form, food production was a pertinent feature
until the beginning of the fossil fuel energy-regime (Bjorklund 2009; Barthel
and Isendahl 2012). The rich levels of biodiversity found in remnant semi-
natural patches of the contemporary Istanbul region (see Chap. 16, Local
Assessment of Istanbul) is hence a product of co-evolution between cultural
practices and the bio-physical environment.

Stockholm. The newly protected and biodiversity-rich National Urban Park of
Stockholm (protected by law in 1995) has a millennia-long history of food
production (Barthel et al. 2005). The ecosystems here are relatively rich in
terms of biodiversity; they are remnants of land used for production of food,
fiber, fuel, feed and building material. More than 1,000 Lepidopteran species,
1,200 Coleopteran species, and 250 bird species have been observed here.
Furthermore, there are more than 60 IUCN Red-Listed insect species, of
which 29 are threatened and 27 are vulnerable. In addition, more than 20 spe-
cies of Red-Listed vascular plants, mammals, amphibians, reptiles, and fish
can be found in a landscape that was, until the 1700s, used for agriculture and
later as hunting ground, and the legacies of which can be seen in the present-
day mosaic in the landscape (Barthel et al. 2005) (see further Chap. 17, Local
Assessment of Stockholm).

orchards (Ford and Nigh 2009; Duraiappah et al. 2012) (see Chap. 10). The
combination of such legacies in cultural landscapes can be powerful generators of
biodiversity if environmentally benign and historically informed management
practices are applied (Andersson et al. 2007; Galuzzi et al. 2010) (Chap. 10).
Stewardship of ecosystem services in metropolitan landscapes is thus dependent on
the continuation of historically informed management practices. Current biodiversity
and ecosystem services are conditioned by history, regional context and continuity
(Foster et al. 2003). Continuity is carried by memory, as in memory of past environ-
mental responses carried in the genes of organisms, in community compositions and
in habitat legacies, as well as in people carrying social memory such as oral tradition,
rituals, institutions and tools that guide management practices (Barthel et al. 2010a;
Barthel and Isendahl 2012). Much of this memory has been lost, and there is a need
to regain and produce new and relevant knowledge for management of urban social-
ecological systems (see Chaps. 27 and 30).
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2.3 Natural Capital: Reintroducing Ecology into Urban
Economy and Governance

During the previously described long stretch of history, societies and economies
were not growing very quickly (Fig. 2.1). However, since the beginning of the
industrial revolution, and especially after the start of the “great acceleration” fol-
lowing the end of WWII, there has been rapid economic expansion coupled with
rapid urban growth—all driven by rapid expansion of fossil fuel use, especially oil
(Costanza et al. 2007b). Indeed, one of the hallmarks of contemporary urbanization
is that urban areas are growing faster and larger than they did in the past as well in
new geographic locations (Seto et al. 2012b) (Chap. 21). Current mainstream con-
cepts and models of the economy were developed in this period of rapid expansion
as if the world we lived in had unlimited capacity for growth in the material econ-
omy. In this “empty world” context, built capital—the houses, roads, and factories—
things that are concentrated in cities—was the limiting factor to improving human
well-being. Natural capital—our ecological life support system—and social capital—
our myriad relationships with each other—were viewed to be abundant (Costanza
et al. 1997a). It made sense in this context not to worry too much about environmental
and social “externalities” — effects that occurred outside the market—since they
could be assumed to be relatively small and ultimately solvable. Instead, the focus
was on the growth of the market economy, as measured by Gross Domestic Product
(GDP), as a primary means to improve human welfare. The dominant thinking
categorized the economy as only marketed goods and services and the goal of
society was simply increasing the amount of these goods and services produced and
consumed (Costanza et al. 1997a).

We now live in an interconnected global system that is relatively full of humans
and their artifacts (Fig. 2.1) in what some are even calling a new geologic era—the
“Anthropocene” (Crutzen 2002; Steffen et al. 2011)—and have shifted into a
human-dominated planet and into a new full-world context (Daly 2005). Some have
also argued that we have already moved beyond the “Anthropocene” into the new
urban era (Seto et al. 2010; Ljungqvist et al. 2010). Now we have to think differently
about the relationship between humans and the rest of nature. If we seek “improved
human well-being and social equity, while significantly reducing environmental
risks and ecological scarcities,” as the UN has recently proclaimed as the primary
global goal (UNEP 2011), we will need a new vision of the economy and of cities
and their relationship to the rest of the world that is better adapted to the new condi-
tions we face. We will require a vision of the economy and urbanization that rein-
troduces the ecology of the urban. Material consumption and GDP are merely
means to that end, not ends in themselves, and we need to better understand what
really does contribute to sustainable human well-being (SHW), and recognize the
substantial contributions of natural and social capital, which are now the limiting
factors to improving SHW in many countries. We must be able to distinguish
between real poverty in terms of low SHW and merely low monetary income.

To achieve sustainability, we must incorporate natural capital (and the ecosystem
goods and services that it provides) into our economic and social accounting and
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our systems of social choice. Ecosystem services are defined as, “the direct and
indirect benefits people obtain from ecosystems” (Costanza et al. 1997b; Millennium
Ecosystem Assessment 2005) (Chap. 11). These include provisioning services such
as food, water and medicinal plants; regulating services such as air quality regula-
tion, water purification, regulation of floods, drought, and disease; supporting ser-
vices such as soil formation and nutrient cycling; and cultural services such as
recreational, scientific and spiritual benefits (Costanza et al. 1997b; Daily 1997; de
Groot et al. 2002, 2010). People in cities benefit from ecosystem services at a num-
ber of spatial and temporal scales (Chap. 11). Urban residents could not survive
without these life support services and it is therefore necessary to take a comprehen-
sive, integrated, multi-scale approach to what constitutes urban infrastructure and
assets. It is not just the built capital of cities that we need to consider. It is the full
spectrum of assets including social and natural capital at local, regional, national,
and global scales.

We can expect many ecosystem services to go almost unnoticed by the vast major-
ity of people, especially when they are public, non-excludable services that never
enter the private, excludable market. Conventional economic valuation presumes that
people have well-formed preferences and enough information about trade-offs that
they can adequately judge their “willingness-to-pay.” Since these assumptions do not
hold for many ecosystem services (Norton et al. 1998) we must either:

1. inform people’s preferences by demonstrating the underlying dynamics of the
ecosystems in question and their connection to human well-being;

2. allow groups to discuss the issues and “construct” their preferences within a
framework that conveys information about the connections; or

3. reject current models of macro-economy in urban governance and use other
techniques that do not rely directly on preferences to estimate the contribution of
ecosystem services to human well-being, for example, through the use of scien-
tific studies and computer models that can trace the complex linkages between
ecosystem functioning and human well-being.

However, one must not confuse expressing values in monetary units with treating
ecosystem services as tradable private commodities. Most ecosystem services are
public goods that should not be privatized or traded (cf. Daniel et al. 2012). This
does not mean they should not be valued (see Chap. 11). But because natural capital
is a public good, it is not handled well by existing markets, and special methods
must be used to estimate its value and new institutions are needed to manage it
(Chaps. 11 and 27).

2.4 Conclusion

As we have argued in this chapter, a social-ecological dimension of urbanization has
been neglected, resulting in a conceptual separation of the urban and the rural, and
thus shaping our perceptions of the urbanization process itself and our policies and
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actions (cf. McGranahan et al. 2005; Grimm et al. 2008; Pickett et al. 2011;
McDonald and Marcotullio 2011; Folke et al. 2011; Anderson and Elmqvist 2012;
Wu 2013). Urbanization affects ecosystems both within and outside of urban
areas, and as stated in Chaps. 1 and 21, on a global scale urban land expansion will
be much more rapid than urban population growth—in some places resulting in
large, complex, urbanizing regions comprised of aggregations of interconnected
cities and interspersed rural landscapes with multiple impacts, dependence and
feedbacks (Seto et al. 2012a; Seitzinger et al. 2012). Recently, new and promising
conceptual frameworks based on analyses of urban land teleconnections have been
proposed to further explore the multiple dependence and impacts of cities on distant
places well beyond the urban hinterland (Seto et al. 2012a); this holds promise
to make many invisible social-ecological feedbacks and connections visible
(Chap. 33). Many of the following chapters, including Chaps. 3, 10, 11, 22, 26, and
27 will further explore this missing link—the urban social-ecological connections
and their governance implications.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction
in any medium, provided the original author(s) and source are credited.
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Chapter 3
Urbanization and Global Trends
in Biodiversity and Ecosystem Services

Robert 1. McDonald, Peter J. Marcotullio, and Burak Giineralp

Abstract This chapter introduces patterns of urbanization, biodiversity, and
ecosystem services at the global scale. Underpinning the goals of the chapter is the
notion that cities are inextricably linked to the biophysical world, although these
linkages are increasingly difficult to clearly identify. The chapter starts by introducing
the idea that cities both impact and depend upon the biophysical environment.
We go on to discuss how urbanization is both the cause of societal or environmental
problems and the solution to many problems, depending on the time-scale and scope
of the analysis. Finally, we provide a global overview of cities’ relationships with
two key facets of the environment: biodiversity and freshwater ecosystem services.

3.1 Cities Both Impact and Depend on the Environment

As highlighted in Chap. 1, city growth and the urbanization process are linked with
biophysical and ecological processes. The totality of these linkages are often too
daunting to track down; therefore, researchers tend to adopt one of two primary
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modes of analysis to dissect the interaction between cities and the environment as
exemplified in the chapters of this volume.

One mode of analysis of urban/environment interactions is to focus on the impact
of urban areas upon biodiversity or ecosystem services. These impacts can occur
over a range of spatial scales (McDonald et al. 2009). At a very local scale, the pat-
tern of urban development determines how natural habitat is fragmented, which
affects how native biodiversity is impacted and where invasive species become
established, as discussed in Chap. 10. Chapters 11 and 12 discuss specific factors
affecting urban form and their implications for biodiversity and ecosystem services.
For a more complete discussion of policymakers’ attitudes toward urbanization and
policies that can decrease environmental impact, see Chap. 27.

A second mode of analysis of urban/environment interactions is to study the
dependence of urbanites on biodiversity and ecosystem services. Dependencies can
occur over a range of scales, just like impacts. To be a true ecosystem service, a
desirable ecosystem process has to occur near consumers of that service (McDonald
2009). The degree to which proximity is essential—the transportability of an
ecosystem service—varies from service to service. Urban street trees, for instance,
provide shade to urbanites over a scale of tens of meters. At a watershed scale, many
cities depend on natural habitat to provide an adequate supply of clean water. At a
global level, urbanites depend on the climate regulation services supplied by ecosystems.
Chapter 11 discusses many kinds of urban dependencies in detail. Chapter 25
looks at how cities depend on a stable climate and how climate change may affect
them. Chapter 31 discusses how to restore ecosystem services and biodiversity
when ecosystems are degraded.

In this chapter, we first focus on how global patterns of urban growth intersect
with global patterns of biodiversity, which is often seen as the foundation for
ecosystem service provision. We then illustrate the dependence and impact of cities
on ecosystem services at the global level in the context of one of the most vital:
freshwater ecosystem services.

3.2 Urbanization as a Problem and a Solution

Global urbanization has been an uneven process, both temporally and geographically
(Satterthwaite 2007). The increase in the global urban population began slowly.
In 1800, around 3 % of humanity lived in cities, with an estimated 1.7 % of global
population in cities of 100,000 or more and 2.4 % of global population in cities of
20,000 or more. As late as 1900, the share of the world’s population living within
cities of these sizes remained less than 10 % (Davis 1955). By 1950, however,
estimates suggest that approximately 729 million people worldwide lived in all
cities; this number corresponded to 29 % of the global population (United Nations
2010b). Subsequently global urbanization increased rapidly. By 1960 there were
approximately 998 million in the world’s cities, by 1985 there were 1.98 billion, and
by 2010 there were 3.49 billion. The period of the most rapid annual increases
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globally were experienced between 1950 and 1965, when rates exceeded 3.0 %.
By 2010, the annual growth rate for global urban population had fallen to 1.85 %.
This amounts to adding 67.5 million people to the urban population each year. The
UN (2010a) suggests that the numbers of people moving to cities annually will
continue to increase until around 2030, when more than 72 million people are predicted
to be added to cities annually. Thereafter the annual additions are expected to decline
(for further discussion on population projections, see Box 21.1 in Chap. 21).

In terms of geographical variability, urbanization has reached high levels in the
developed world, both of which largely manifest in the temperate zone. Generally,
cities in these Northern areas are now growing more slowly than those of the South and
some are even contracting in terms of population (Chap. 12). At the same time, urbaniza-
tion is increasing in the developing world, much of which is located in the tropics and
sub-tropics. In these locations, cities are absorbing large numbers of people.

The advance of urbanization, particularly after the 1950s, has coincided with
global environmental degradation, increasing consumption of natural resources,
habitat loss and ecosystem change (McNeill 2000). It is therefore not surprising that
analysts often depict cities as the source of many problems. Lester Brown (2001,
pp- 188-190), for example, argues that “People living in cities impose a dispropor-
tionately heavy burden on the earth’s ecosystems simply because so many resources
must be concentrated in urban areas to satisfy residents’ daily needs.” The ecological
footprint of a city, the area required to supply its citizens with resources and services
from the environment, is much larger than the area of the city itself (Wackernagel
and Rees 1996).

This viewpoint of cities as a source of environmental problems, however, often
rests on a relatively simple scope of analysis. A simple equation for calculating such
an impact is the so-called I=PAT equation (cf., Dietz and Rosa 1997), where Impact
(e.g., tons of greenhouse gases emitted) equals the number of People times the
Affluence (e.g., energy consumption per capita) times the Technology (e.g., tons of
greenhouse gases emitted per unit energy). If total impact from an urban area is the
scope of analysis, then in most cases larger cities will cause a larger impact on the
environment, for the simple reason that the population is larger. By this logic, a city
of zero population size would have zero environmental impact.

However, the process of urbanization also influences both the Affluence and
Technology terms in the I=PAT equation, in sometimes complex ways. Incomes
tend to be greater in cities than in rural areas, and greater in bigger cities than in
smaller cities (Bettencourt et al. 2007), which can sometimes increase resource con-
sumption. However, there are often efficiencies that are gained with dense settle-
ment. Studies in the United States, for example, have pointed out that residents of
cities consume less energy per-capita and therefore generate less greenhouse gas
emissions per-capita (Brown et al. 2008). Similarly, urban residents in the United
States eat less beef and pork (Davis and Lin 2005a, b) than their rural counterparts.
In the developing world, in contrast, those in cities consume more meat than their
rural counterparts (cf., Dhakal 2009), which appears to be primarily due to the
increase in income in urban households rather than changes in dietary preferences
associated with living in a city (Stage 2009).
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It is also, arguably, inappropriate to simply talk about the environmental
impact of a city relative to some hypothetical case where the city simply disappeared.
A more sophisticated analysis might specify a counterfactual scenario: what would
have happened to the environment without the urbanization (McDonald and
Marcotullio 2011)? These counterfactual scenarios are very difficult to construct.
Without migration to cities, there might be less environmental impact from cities,
but perhaps more impacts in the countryside. Economists have long suggested that
urbanization has a strong positive correlation with economic activity (Williamson
1965; Annez and Buckley 2009), although rapidly growing urban areas can have
offsetting negative effects through crowding, environmental degradation and by
overwhelming city administrations’ capacities (cf., Bloom et al. 2007; Bai et al.
2012). Certainly, without urbanization, economic development will potentially be
limited, and since rural fertility rates are generally higher, a larger total population
may result than in the urbanization scenario.

As discussed in Chap. 2, urbanization is a multifaceted process, and it is very
difficult to specify what would have happened to the environment in a society
if urbanization did not occur. Urbanization is promoted by numerous factors,
including: increased ease of communications and transport, economies of scale
and agglomeration economies (Bai et al. 2012), increased personal contact among
workers and entrepreneurs, and efficiency gains from the high population density
in cities (for a review, see Montgomery et al. 2003). As people move to cities
they leave the agricultural sector for employment in industry and services, thus
substantially changing the economies of nations as they urbanize. Urbanization is
also associated with changes in population structure and decreases in fertility.
These dynamics bring substantial benefits for and changes to industries and
society (Montgomery et al. 2003). Thus, from the perspective of the economic
development and human well-being of a nation, urbanization is often an integral
part of the solution.

The pragmatic truth is that a counterfactual scenario without urbanization is
unlikely to ever occur. All developing economies urbanize and there are no examples
of nations with high economic development that have not experienced urbanization
(Fig. 3.1). Moreover, policy attempts to limit urbanization have not only had limited
effects on rates of urban growth and they have had disproportionately negative impacts
on large portions of societies; typically the poor. As pointed out by the UNFPA (2007),
there are a growing number of economies that have implemented policies to lower
migration to urban agglomerations; from 51 % in 1996 to 73 % in 2005 (cf., Bai
2008). While they have had significant negative impact on the lives of rural-to-urban
migrants, these policies have had little long-term effect on urbanization and an argu-
able negative impact on economic growth (Bloom et al. 2007; Bai et al. 2012).

In short, if demographic forecasts are correct, a large amount of urban growth is
coming as poorer countries urbanize (for forecasts, see Chap. 21). Therefore, it is
necessary to examine the types of biophysical environmental impacts expected from
urbanization without forgetting that the process of economic development and
urbanization can also help the world find solutions to poverty and environmental
degradation.
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Fig. 3.1 Correlation between percent urban and per-capita GDP for the 20 countries with the
greatest population in 2005. Per-capita GDP is taken from (Maddison 2001), and is shown in 1990
International Geary-Khamis dollars, a method of correction for different purchasing powers over
time and space. Percent urban is taken from the World Urbanization Prospects database (UNPD
2009). Countries are abbreviated as: BAN (Bangladesh), BRA (Brazil), CHN (China), COD (Congo
Kinshasa), EGY (Egypt), ETH (Ethiopia), FIL (Philippines), GER (Germany), INA (Indonesia),
IND (India), IRI (Iran), JPN (Japan), MEX (Mexico), NGR (Nigeria), PAK (Pakistan), RUS
(Russian Federation), THA (Thailand), TUR (Turkey), USA (United States), VIE (Vietnam)

3.3 Global Urbanization and Biodiversity

Biological diversity is an essential component of many invaluable ecosystem
services for human material welfare and livelihoods. For example, many components
of people’s homes are provided, regulated or supported by biodiversity, including
food, the wood in the building, fresh water from taps and fuel in stoves. Nitrogen
fixation is important for biological productivity, and only a few plants such as
legumes can perform this service. Preserved forests close to coffee-plant flowers,
provide reliable sources of pollinators, which have been estimated to improve coffee
yields by 20 % (Melillo and Sala 2008). Biodiversity contributes to human security,
resiliency, health and freedom of choices and actions (Millennium Ecosystem
Assessment 2005). Moreover, biodiversity preservation is a goal in itself, as articu-
lated in the Convention on Biological Diversity and many national-level laws (e.g.,
the Endangered Species Act in the United States).

Despite these important contributions to society, biodiversity is declining.
Researchers have identified a sixth great extinction event promoted by anthropogenic
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activities (Wilson 2005). Human actions are fundamentally and irreversibly changing
the diversity of life on the planet (Millennium Ecosystem Assessment 2005). Rates
of extinction continue to increase and the number of species threatened continue to
grow (Pimm et al. 1995).

In this section we examine the global impact of urbanization on biodiversity. We
examine this relationship through a review of the direct impact of urban growth as
well as through an examination of the indirect impacts of urbanization.

3.3.1 The Global Distribution of Biological Diversity

Biodiversity can be examined a number of different ways. In this overview we
review the literature on urbanization’s impact on species richness and endemism.
While species richness and endemism vary unevenly across the Earth’s surface, a
number of broad trends have been observed.

Species richness is generally higher in high productivity sites like tropical rain
forests and lower in low productivity sites like arctic tundra, for unclear reasons
(Willig et al. 2003). The pattern of distribution is called the latitudinal geographic
gradient because the highest levels of biodiversity are found near the equator and
they drop off as one moves towards the poles (Turner and Hawkins 2004). This pat-
tern holds true for major taxa (classes, orders and families) for microbes, plants and
animals in both terrestrial and aquatic systems. The latitudinal gradient is superim-
posed on a number of other gradients including distance to coast, position within a
peninsula, and topographic position (Lomolino et al. 2010).

Species endemism is the number of species unique to one location and is a major
concern to conservationists. Examples of endemic species include the Devil’s Hole
pupfish (Cyprinodon diabolis) from the United States, Australia’s koala (Phasco-
larctos cinereus) and many different species of cichlid fish found in Lakes Victoria,
Tanganyika and Malawi. Endemism is distributed very differently from species
richness. While species richness is low on isolated islands, endemism is high in pro-
portional terms, as the geographic isolation of biota leads to speciation that fills
empty niches. Coastal areas are also places with a high degree of marine and terres-
trial endemism because of the high habitat diversity (Dirzo and Raven 2003).

3.3.2 Direct Impact of Urbanization on Biodiversity

Cities are concentrated along coastlines and some islands as well as major river
systems, which also happen to be areas of high species richness and endemism.
Ecologists have explained this pattern by examining the correlation between
human population density and productivity (Luck 2007), while urban historians
have focused on the importance of freshwater and marine trade routes for city
formation.
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The most direct impact of cities on biodiversity is the change in land cover
associated with urban growth. Urban growth is clearly a significant global driver of
land-use conversion and deforestation. Urban areas occupy approximately 3 % of
the Earth’s land surface (McGranahan et al. 2006), although the actual number
varies significantly depending on the definition of urban and the spatial grain of
analysis (Schneider et al. 2009; Seto et al. 2010). For a discussion of the various
definitions of urban, see Chap. 1.

The spatial correlation between urban growth and endemism means urban growth
has already impacted biodiversity significantly (McDonald et al. 2008) analyzed
the implications of urban areas circa 1995 for ecoregions (Olson et al. 2001), pro-
tected areas across the world (www.wdpa.org), and rare species (Ricketts et al.
2005). They found the effect of urban areas to be concentrated in certain localities
(Fig. 3.2). The majority of terrestrial ecoregions (comprising 62 % of the Earth’s
land surface) are currently less than 1 % urbanized and will experience little change
through 2030. However, around 10 % of terrestrial vertebrates are in ecoregions that
are heavily impacted by urbanization, even though these ecoregions only represent
0.3 % of the Earth’s land surface (Fig. 3.2). These ecoregions are concentrated
along coasts and on islands, which are generally areas of high endemism (Ricketts
et al. 2005). In addition, urban areas seem to have increased the threat to survival of
certain vertebrate species, especially those having smaller ranges. Most of this
threat is in middle and low-income countries, which raises questions about the
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institutional capacity to act against potential adverse effects of urban expansion on
biodiversity.

Less than 1 % of all biodiversity hotspot areas (Myers et al. 2000; Mittermeier
et al. 2004) were urbanized circa 2000 (Seto et al. 2012a). However, similar to the
ecoregions there is large variation in urban land cover across the biodiversity
hotspots with concentration of urban lands in certain hotspots. In particular, the
Mediterranean Basin and the Atlantic Forest biodiversity hotspots had the most
urban area circa 2000 (over 30,000 and 25,000 km?, respectively). On the other
hand, the California Floristic Province and Japan hotspots had the largest percent-
age of their total land urbanized (about 5 % each).

Around the year 2000, South America had the most urban land in biodiversity
hotspots (about 46,000 km?, nearly 60 % of all urban land in the region) among all
regions (Giineralp and Seto 2013). Nearly all the urban land in Southeastern Asia
(27,000 km?) was located in biodiversity hotspots. Most of this urban land was dis-
tributed across two biodiversity hotspots: about 10,000 km? in the Indo-Burma
hotspot that covers most of the mainland portion of the region, and about 13,000 km?
in the Sundaland hotspot that includes most of the Malay Peninsula and the island
of Java. Northern Africa had almost half of its total urban land in the Mediterranean
hotspot, the only hotspot in the region. These patterns collectively reflect that biodi-
versity hotspots predominantly occupy coastal areas that are also places of concen-
tration of urban land.

Globally, 32,000 km? of protected areas (PAs) were already urbanized circa
2000, corresponding to 5 % of global urban land (Fig. 3.3). In particular, in Europe,
which has already largely urbanized and has an extensive PA network, almost
20,000 km? of PAs were already under urban land cover (about 10,000 and 9,500 km?
in Eastern and Western Europe, respectively). This corresponds to 13 % of total
urban extent in the continent circa 2000, 14 and 12 % in Eastern and Western
Europe, respectively (Fig. 3.3). China and South America also had substantial
amounts of urban land within their PAs with 4,500 and 2,800 km? in each country,
respectively (i.e., 6 and 3.5 % of their respective urban lands).

Different impacts will materialize at varying distances from urban areas and eco-
logical mechanisms often link protected areas to surrounding lands (Hansen and
DeFries 2007). It is worth noting that some of these effects are positive such as
recreational activities and logistical advantages provided by close proximity to eco-
system services provision areas within protected areas.

A great proportion of the world’s terrestrial protected areas are also within
50 km of a city. Almost half of the case studies (47 %) in a meta-analysis on global
urban expansion are found within 10 km of a terrestrial protected area (Seto et al.
2011). Moreover, the same study found that the average annual rate of urban land
expansion of these cities from 1970 to 2000 is greater than 4.7 % and not statisti-
cally significantly different from growth rates of urban areas elsewhere. Thus,
urban land expansion is as likely to take place near protected land as elsewhere,
and proximity of an urban area to a protected area does not necessarily slow the
rate of urban land conversion.



3 Urbanization and Global Trends in Biodiversity and Ecosystem Services 39

12 Urban extent 16
= Percent of total urban land
9 12
€ 2
= K
° c
5 8
% 5
©
£6 8 3
° =
= o
2 =
5 8
2 o
) o
3 4
0 0
g ¥ & g & s T g s o ] g & g g
= = [} he) [} c .= P4 = f=} = = [} (7} D
b = < o < < SE £ S I} = > < < 2 o
g O E I s 2 < £ 8 < € c £ c o
< g ¢ = s < o § < 8 8 5
S ¢ 8 4 2 = 2 £ £ ©°© 3 3
= w 73 e} T Q ‘5 p=3 o) bl (0] 5
& 2 s (=] £ o 3 (%)) £ = @
1$) w z 5 a E =
z &

Fig. 3.3 Urban extent and percentage of total urban extent that fall in the IUCN-designated
protected areas (PAs) by geographic region circa 2000 (Modified from Giineralp and Seto 2013,
Figure S1, p. 3 of supplementary data. Published with kind permission of © Environmental
Research Letters 2013. All Rights Reserved)

More than 100,00 km? of urban land (15 % of the global total) was within 10 km
of a PA circa 2000 (Giineralp and Seto 2013). In North America, while there is little
urban land located in PAs, the amount of urban land in close proximity to PAs is the
largest among all regions. The other two regions that have a high percentage of their
populations that are urban, Western Europe and Eastern Europe, also had large
amounts of urban land within close proximity of their respective PAs (Fig. 3.4a).
Overall, 4 and 11 out of the 16 regions had 50 % or more of their urban land within
25 and 50 km of PAs, respectively (Fig. 3.4b). On the other hand, in almost all
regions except Eastern Asia and Western Europe, the percentage of lands that were
urban within the 10, 25, and 50 km-wide zones around the PAs was well below 2 %
circa 2000.

Information on land-use change due to urbanization is not available over long
periods of time. However, it is instructive to look at how urban population in differ-
ent habitat types has changed over time (Fig. 3.5). In 1950, the habitat type with the
most urban dwellers was temperate broadleaf forests, followed by tropical moist
forests and Mediterranean habitat. However, a more useful proxy measure of
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top to bottom, 10, 25, and 50 km of PAs by geographic region circa 2000 (Modified from
Giineralp and Seto 2013, Figure S2, p. 4 of supplementary data. Published with kind permission
of © Environmental Research Letters 2013. All Rights Reserved)

biodiversity impact is the urban population density in a habitat type (i.e., urban
population divided by the total area in a habitat type). Note that this proxy measure
is much lower than the population density at which urban settlements occur, but it
gives a rough sense of how many urban people are crowded into this habitat type.
By this proxy measure, the Mediterranean, mangrove, and temperate broadleaf for-
est habitat types all have high urban population density per habitat area and hence
likely have had significant impacts on biodiversity. By 2000, the number of urban
dwellers increased significantly in almost all habitat types. However, the rank order-
ing of both urban population and urban population density per habitat area stayed
similar to patterns in 1950.

The majority of the global urban population is currently located in the temperate
zone (Fig. 3.6). At the turn of the twenty-first century, urban populations were
largely located temperate zone between 25 and 55° North latitude. The percent of
the urban population trails off approaching the equator with another small peak in
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the South Temperate Zone. One might argue that this pattern has actually limited
urbanization’s direct impact on biodiversity to date as the tropical zones are the
areas of highest concentration of different species.

In the future however, urban growth patterns will change. With urban growth,
urban land use will likely double (McDonald 2008), although there is significant
uncertainty in predicting how much urban population and urban area will increase
(Seto et al. 2010). See Chap. 21 for detailed discussion of future urbanization
scenarios and Chap. 22 for discussion of the biodiversity implication of these future
urbanization scenarios.

This trend is visible in predictions of urban population by major habitat in 2050
(Fig. 3.5). Urban population will increase in essentially all habitat types. There will
be particularly noticeable increases in urban population in tropical moist forests,
deserts and tropical grasslands. Note that in terms of urban population per habitat
area, there will be significant increases in impact in mangroves, flooded grasslands,
and temperate broadleaf forests. Also worth noting are impacts to tropical conifer
forests, a unique habitat type found only in a relatively small area globally.

Expansion of cities also fragments the remaining blocks of natural habitat. This
increases the isolation of natural habitat patches, as the average distance between
them increases. Increased isolation tends to reduce population and gene flow among
patches, and may break a large regional population into several discrete subpopula-
tions. Seasonal and intergenerational migration is also restricted. Highly mobile
taxa like birds are generally less affected by isolation than less mobile taxa like
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Fig. 3.6 Estimates of growth of global population by latitude, 2000-2100 (Data from United
Nations Department of Economic and Social Affairs, Population Division, 2010)

amphibians, although some apparently mobile species avoid moving across urban
land cover (Saunders et al. 1991).

Fragmentation necessarily increases the amount of habitat that is near a habitat/
non-habitat edge (Murcia 1995). This systematically alters conditions near the edge,
affecting the species and processes found there (Fagan et al. 1999). For example, at
forest/non-forest edges, temperature is significantly increased during the growing
season due to greater solar insolation. This increases average temperatures for tens
of meters into the forest interior, the equivalent change in climate to a movement of
hundreds of kilometers in latitude (Smithwick et al. 2003). Roads create a particular
type of edge, with particular ecological effects (Forman 2000). Road noise is a com-
monly studied edge effect, and has been shown to significantly alter when and how
bird species sing (Rheindt 2003). Finally, biotic interactions may change near edges.
Birds’ nests, for instance, are more likely to be parasitized by cowbirds when they
are near an edge (Lloyd et al. 2005).

Urbanization increases the number and extent of non-native invasive species by
increasing the rate of introduction events and creating areas of disturbed habitat for
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non-native species to become established (e.g., McDonald and Urban 2006). There
is a suite of “cosmopolitan” species, skilled generalists, that are present in most
cities around the world (McKinney 2006; Kuhn and Klotz 2006). Meanwhile,
urbanization often leads to the loss of “sensitive” species dependent on larger, more
natural blocks of habitat. The net result is sometimes termed “biotic homogeniza-
tion.” Species richness in cities may actually be higher than that of rural areas,
depending on the richness of the suite of cosmopolitan species relative to that in
natural habitat, but global species richness declines. The flora and fauna of the
world’s cities have become more similar and homogeneous over time, at least rela-
tive to the diversity of species composition prior to urbanization (Hobbs et al. 2006;
Pysek et al. 2004; Grimm et al. 2008). Chapter 10 discusses this complex process in
more detail.

3.3.3 Indirect Effects of Urbanization on Biodiversity

Cities may occupy a small percent of the global land area, but they contain the
majority of the world’s population and are concentrated centers of activity. These
activities end up shaping land-use over a far larger land area, and influence the
decisions of landowners and the policy decisions of governments in ever widen-
ing geographic extents. Chapter 26 examines arguably the most important indi-
rect effect in terms of its areal impact, the impact of cities demand for food on
global land-use.

The questions remain, however, how dense settlements interact with other human
activities and what would happen if cities were removed from the equation. As
mentioned previously, more specific policies focused on the process associated with
urbanization may provide more valuable conservation tools than a general attack on
cities. Three recent research findings that demonstrate our lack of knowledge on the
exact role of urbanization and how examining interactions closely may help conser-
vation efforts.

First, a recent article argues that international trade accounts for 30 % of all
global species threats (Lenzen et al. 2012). While the demand for the goods traded
probably originated in many of the world cities, this study emphasized better regula-
tion, sustainable supply-chain certification and consumer product labeling as solu-
tions. At the same time, however, there have been all too few studies that have
examined the role of urbanization, trade and the environment. Obviously what is
traded matters to the outcome of these relationships. How does, for example, the
growing trade in electric bicycles to specific cities in the U.S. and Europe impact the
environment? Has urbanization influenced production processes to lower environ-
mental impact? Does the concentration of population and subsequent generation of
“green” ideology have any impact on individual merchandise choice? In order to
understand the role of urbanization in trade’s impact on biodiversity, more study is
needed to identify not only the distances of materials travel, but also where are they
coming from before arriving at urban centers (Seto et al. 2012b).
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A second study examined global material consumption over the past century.
Researchers estimated that during this period, global materials use increased
eight-fold to reach almost 60 billion tons (Gt) of materials per year (Krausmann
et al. 2009). At the same time, the total population increased by four-fold. What is
interesting is that is that over this century, materials use increased at a slower pace
than the global economy, but faster than world population. Consequently, this
research suggests that while material intensity (i.e., the amount of materials required
per unit of GDP) declined, the materials use per capita doubled from 4.6 to 10.3 tons/
cap/year. The role of technology and increasing wealth in these increases is clear.
What is much less clear is the role of the growth of cities. During the past century
the urban population increased approximately 18-fold. What was the urban impact
on materials consumption? On one hand, cities may have helped to increase the rate
of consumption through infrastructure development. Certainly, studies have demon-
strated the large flows of material into cities as they grow (Decker et al. 2000;
Kennedy et al. 2007). On the other hand, given that this infrastructure is shared by
large numbers of people, urbanization could have slowed overall material consump-
tion growth. That is, if populations were not densely organized, the levels of materi-
als consumed may have been much larger. These questions suggest that cities and
the urbanization process may have beneficial aspects that lower overall consump-
tion levels.

Finally, a third research project examined the role of households rather than pop-
ulation in resource consumption and biodiversity loss. In this case analysts exam-
ined the decreasing size of households around the world and the impact of this trend
on biodiversity (Liu et al. 2003). This research suggests that even when population
size decreased in some locations, the number of households increased with subse-
quent increases in impacts. This work places the burden of responsibilities on the
decreasing size of households (which increases demands for housing), rather than
on urban population. The process of urbanization is often associated with economic
development, which is in turn associated with smaller household size, but teasing
out causality here is difficult.

These examples demonstrate that the indirect processes by which urbanization
affects biodiversity loss are unclear, but potentially quite significant. Moreover, in
many analyses it is difficult to separate the effect of urbanization per se from other
confounding processes, like economic development and changes in demographics.

3.4 Global Urbanization and Freshwater Ecosystem Services

There are many different types of freshwater ecosystem services that cities depend on.
Land cover in watersheds (including natural habitats) affects rates of evapotranspi-
ration and hence the quantity of surface or groundwater available. In some cases,
natural habitats have lower rates of evapotranspiration than anthropogenic land
cover, while in other cases the converse is true. In certain climates, trees can also play
an important role in increase precipitation, as fog settles out of the air on to foliage.



3 Urbanization and Global Trends in Biodiversity and Ecosystem Services 45

Land cover also affects many factors that impact water quality, including
erosion, nutrient loading, and biogeochemical cycling. In many cases, natural
habitats have lower rates of erosion and a greater capacity to absorb excess nutrients
and other pollutants than anthropogenic habitats.

Thus, urbanization affects land cover, which in turn affects the quantity and
quality of water available. But urbanization also requires water. Water is directly
needed for human use, and supports a variety of other secondary ecosystem
services (e.g., recreation, biodiversity, transportation). Globally, water consumption
is greatest from the agricultural sector. The energy sector, however, withdraws a
large amount of water for use in extracting and processing natural resources
(e.g., coal, and cooling thermoelectric power plants). Urban consumption of food
and energy contributes to increased water use in agriculture and energy, so in a
certain sense a true accounting of cities’ water use requires consideration of these
linkages. For instance, the main water use of Chinese cities comes from the water
needed to mine coal and burn it in thermoelectric power plants.

Urban residents need water for their daily activities (drinking, cooking, cleaning)
as well as disposal of human wastes through sanitation systems. Per-capita water
use substantially varies among cities. Within the United States for instance,
residents in San Diego, CA use 700 I/person/day, while residents in Reno, NV use
1,166 1/person/day. Per-capita domestic water use tends to increase as the average
income increases (FAO 2011). For example, the average resident of Indonesia
($3,900 GDP/capita, in purchasing power parity) uses 28.9 m*/person/year, while
the average resident of Canada ($40,200 GDP/capita) uses 276.0 m*/person/year.
The overall correlation between per-capita domestic water use and per-capita GDP
is fairly high (R=0.59). There are at least two reasons for the increase in water
consumption with income. First, poorer cities are more likely to have substantial
populations without access to drinking water, decreasing aggregate demand for
water. For instance, 27.6 % of Sub-Saharan urban residents lack access to clean
drinking water, 12.3 % of Latin American and Caribbean urban residents, and
essentially 0 % of urban residents in the United States (UN-HABITAT 2006).
Second, richer urban residents have access to technology that requires significant
water to run, such as dishwashers and washing machines.

Three things must happen to ensure provision of fresh, clean water to urban
inhabitants (McDonald et al. 2011a). First, enough water must be available.
Auvailability, the absolute amount of surface or groundwater within a region that can
be sustainably appropriated for urban use, is largely a function of climatic setting
and land cover in the watershed. Second, the water must be of sufficient quality for
use. Water that is polluted, either by upstream users or through pollution in situ,
must be treated and purified before use in urban households. Third, a system must
be in place to deliver that water to urban residents, usually via infrastructure such as
piped water supplies, dams and canals, and wells.

Water availability is most likely to be a problem in cities in arid climates. One
study (McDonald et al. 201 1a) found that 21.7 % of urban dwellers, some 523 million,
live in climates that would at least be classified as semiarid (Fig. 3.7). In the
developed world these cities are clustered in the western United States, Australia,
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Fig. 3.7 Water availability for the world’s cities. Water availability is measured by the aridity
index, which is the ratio of precipitation to potential evapotranspiration (Adapted from McDonald
etal. 2011a)

and parts of Spain. In the developing world most of these cities are located in
northwestern Mexico, coastal Peru and Chile, North Africa, the Sahara, Namibia,
the Middle East, and central Asia (see Fig. 3.7 for a map).

Water quality is most often a problem globally when there is significant human
water use upstream. One useful proxy measure is the population density upstream,
which correlates to several measures of water quality. One study (McDonald et al.
2011a) found that 890 million (36.9 % of the population of cities >50,000), are in
cities with an upstream population density greater than 5.5 people/ha, the popula-
tion threshold at which human activities often lead to nitrate concentrations that
exceed the U.S. drinking water standard of 10 mg/l. Water quality issues affect all
continents (Fig. 3.8), but tend to be concentrated in major river basins like the
Ganges (India) and the Yellow River (China).

Water delivery is most a problem in rapidly growing cities with few financial
resources. One study (McDonald et al. 2011a) found that 1.3 billion people (53.9 %
of all urban population worldwide) live in cities with more than ten new residents
per GDP per capita, mainly in sub-Saharan Africa, the Indian subcontinent, and
Southeast Asia (Fig. 3.9). In contrast, some cities in developed countries have less
than 0.5 new people per GDP per capita, and thus have roughly 20 times more
financial capacity to deliver water to new urban residents than might a developing
world city.

Cities have two broad sets of strategies to cope with insufficient water: those that
involve building infrastructure to obtain more water than is currently available, and
those that involve making wiser use of existing supplies.



3 Urbanization and Global Trends in Biodiversity and Ecosystem Services 47

Very high density (>19.0) - High density (5.57-19.0) « Medium density (1.60-5.57) - Low density (<1.60)

Fig. 3.8 Water quality for the world’s cities. Water quality is measured as the density of people in
upstream contributing areas (people/km?), with population density and water quality exhibiting a
negative correlation (Adapted from McDonald et al. 201 1b)
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Fig. 3.9 Water delivery capacity for the world’s cities. The ability of a city to delivery water to its

citizens is measured as the number of people expected divided by per-capita GDP (Adapted from
McDonald et al. 2011b)



48 R.I. McDonald et al.

The most common way cities try to obtain more water is tapping into groundwater
to meet urban water needs. Groundwater use is sustainable if the rate of aquifer
recharge exceeds the rates of withdrawals. However, for many arid cities, ground-
water use exceeds the low rates of aquifer recharge. Mexico City has so overused its
aquifer that the ground is subsiding 40 cm/year in some areas (Carrera-Hernandez
and Gaskin 2007). Many other fast-growing cities face similar problems, but globally
the extent of this groundwater mining by cities is unknown.

One common way cities try to make wiser use of existing supplies is by increasing
water use efficiency, reducing the amount of water lost to leaks and trying to reduce
per-capita water use for common tasks such as bathing and flushing the toilet.
Another way is to improve watershed management upstream of reservoirs to prevent
sedimentation and pollution from reaching reservoirs.

3.5 Summary and Conclusions

The broad global picture presented in this chapter suffices to show that global
patterns of urbanization have had significant implications for biodiversity. In par-
ticular, urbanization as a driver of habitat conversion is already important and
is expected to increase in importance in the future. Thus, urbanization is
relevant to the Convention on Biological Diversity (CBD)’s Aichi Target 5
(By 2020, the rate of loss of all natural habitats, including forests, is at least
halved and where feasible brought close to zero, and degradation and frag-
mentation is significantly reduced).

Habitat conversion driven by urbanization will be particularly important in
tropical areas in the future and in coastal and island systems, as well as biomes
that are disproportionately urbanized (e.g., Mediterranean habitat). CBD’s Aichi
Target 11 (By 2020, at least 17 % of terrestrial and inland water, and 10 % of
coastal and marine areas, especially areas of particular importance for biodiver-
sity and ecosystem services, are conserved through effectively and equitably man-
aged, ecologically representative and well-connected systems of protected areas
and other effective area-based conservation measures, and integrated into the
wider landscapes and seascapes) is unlikely to be met without addressing urban-
ization impacts in these places.

Similarly, the global analysis presented in this chapter shows that global urban
growth will have significant implications for freshwater ecosystem services. Global
urbanization will indirectly increase cities dependence on freshwater ecosystem
services that control water quantity, quality, and timing. This has relevance to
Millennium Development Goal’s 7.B: (Reduce biodiversity loss, achieving, by
2010, a significant reduction in the rate of loss) and 7.C (Halve, by 2015, the pro-
portion of the population without sustainable access to safe drinking water and
basic sanitation). The remaining chapters will examine in more detail how cities
depend on ecosystem services.
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Finally, we suggest that urbanization should not be examined and framed solely
as a problem or as a solution. It is dangerous for policymakers to consider urbaniza-
tion solely as a problem, since it is an unavoidable part of economic development.
A more useful way to think about global urbanization is as posing a series of social
environmental challenges that must be overcome to achieve sustainability.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction
in any medium, provided the original author(s) and source are credited.
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Asia is home to 60 % of the world’s population, and there are large variations in the
region with regard to urbanization levels and urban growth rates. While some countries
have populations that are predominantly urban (Singapore, 100 %; Malaysia, 72 %;
Japan, 67 %; Indonesia, 54 %), others have populations that are predominantly rural
(Bangladesh, 28 %; Vietnam, 29 %; India, 30 % Lao People’s Democratic Republic,
33 %; Thailand, 34 %). Despite these variations, three characteristics define the region.

Many countries that are largely rural are undergoing massive demographic and
economic transitions, resulting in a growing percentage of their populations living
in urban areas. For example, the combined populations of Kolkata and Dhaka in
the Ganges— Brahmaputra Delta increased from 4.9 million in 1950 to more than
30 million in 2010. The changing demography of these mega-deltas is also changing
their economies, landscapes, and biodiversity (see Chap. 1, Fig. 1.1).

Half the increase in urban land across the world over the next 20 years will occur in
Asia, with the most extensive patterns of change expected to take place in India and China.

The influx of large-scale capital to many Asian deltas has transformed the local
economic base from a primarily agricultural one to a manufacturing and processing
economy, bringing about fundamental changes in landscapes and their ecologies.
For example, the Irrawaddy Delta economy in Myanmar was traditionally intensive
rice cultivation, fishing, and forestry, supported by mangrove swamps. However, as
Yangon, the largest city in Myanmar and the economic, financial, and trading hub of
the country, increases in size on the periphery of the delta, it is affecting the coastal
mangrove ecosystems. Urbanization and associated land practices—the damming of
rivers, seasonal flood control, water diversions, agricultural practices, and construction
of the built environment—have also transformed the supply and routing of sediments
and changed the basic geomorphology and ecology of the delta (Textbox 4.1).

Textbox 4.1 Indonesia: Illustrating Asia’s Three Development Characteristics

The 17,500 islands of the Indonesian archipelago and the surrounding seas
contain the highest terrestrial and marine biodiversity on earth. However, the
nation’s ecosystems are severely impacted by land-use changes, which mainly
follow two trends: urbanization and deforestation (Rustiadi and Panuju 2002).
In the 1950s Indonesia’s urban population was about 15 %; by 2010 half of
the total population of 237.6 million was urban. The World Bank estimates
that by 2025, Indonesia’s urban population will represent 67.5 % of a total
projected population of 270.5 million.

(continued)
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Textbox 4.1 (continued)

Across the archipelago, there are strikingly different patterns of urbanization
and economic growth. About 68 % of the urban population lives in Java.
Although there are many cities in Java, by far the largest is the capital city of
Jakarta. The greater metropolitan region of Jakarta is the second largest in the
world, 5,897 km? containing nearly 12 % of the entire Indonesian population
(Hudalah and Firman 2012). Jakarta is now so densely populated that it is
estimated that traffic will come to a complete standstill by 2014. However, as
Indonesia’s largest cities continue to expand, a reverse trend sees more affluent
classes moving into the surrounding countryside to escape the excessive
concentration, physical congestion and breakdown of urban services and
amenities (Rustiadi and Panuju 2002). In Jakarta, the suburban population
surpassed that of the city by the 1990s.

While the largest Indonesian cities and their suburbs have grown at a
record-breaking pace, the annual population growth rate in small and
medium-sized Javanese towns is far below the national average and even
decreasing. This pattern is also found elsewhere in Indonesia: small cities
with populations in the range of 100,000-500,000 actually lost population
between 1993 and 2007, with average declines of more than 2 % per year.

These demographic patterns reflect several large historical trends. In 1967,
Indonesia launched the Green Revolution in agriculture and the same year, the
forests of the Outer Islands were opened to logging for export. At about the
same time, other extractive industries like mining and petroleum began to take
off. These neoliberal economic policies triggered large-scale migration from
the countryside to the cities. The market-oriented policy of the 1980s boosted
the economy but also led to an uncontrolled growth of large-scale private land
development in the suburbs of Jakarta (Firman 2000). In the 1990s, economic
growth became erratic, as a consequence of political and financial crises but
as the economy recovered, so did urbanization. Between 2000 and 2005, an
estimated 22,872 ha of land were converted to built-up areas (Hudalah and
Firman 2012).

By the 1990s, much of Indonesian Borneo had been deforested, leaving
logging debris in place of canopy trees. During the El Nino drought in 1998,
600 million tons of carbon were released from the forests of Borneo into the
atmosphere. For comparison, that year the Kyoto target for reduction in carbon
emissions for the Earth was 500 million tons. The smoke from the burning
forests, so dense that at times the airport in neighboring Singapore had to be
closed, created a crisis in air quality for Borneo.

By 2004, the volume of timber exports from Borneo exceeded all tropical
wood exports from Africa and Latin America combined. Largely as a con-
sequence of deforestation, Indonesia became the third largest source of carbon
emissions, after the US and China. The pace of deforestation continued

(continued)
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Textbox 4.1 (continued)

with the massive expansion of oil palm plantations. From 1990 to 2010,
over half a million km? of oil palm plantations were planted in Indonesian
Borneo, 90 % on formerly forested land, which is projected to significantly
increase their contribution to Indonesia’s 2020 CO,-equivalent emissions of
0.12-0.15 GtC year™) (Carlson et al. 2013).

The disappearance of the forests and the expansion of oil palm plantations
caused massive relocations of rural populations in Borneo, Sumatra and
smaller islands. On Java and Bali, population growth and urbanization have
increased while the expansion of monocrop agriculture has led to steep
declines in biodiversity in the countryside.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.
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China has been urbanizing rapidly since the early 1980s. This is manifested by large
rural-urban population migrations and by the expansion of urban areas and the built
environment. One consequence of urban expansion has been the loss of fertile agri-
cultural land. Another, less noticed, has been the urban expansion within biodiver-
sity hotspots. Throughout the country, expansion of urban areas have increasingly
threatened habitats critical for conservation of biodiversity (McLaren 2011).
Especially along the coast, many ecosystems have been destroyed as a result of
continuous building and development (Zhao et al. 2006). On the other hand, further
inland and especially along major rivers, the economic development and urban
growth has increasingly been impacting ecologically sensitive lands (Li 2012).

China is also among the most biodiverse countries in the world (McNeely et al.
1990; Lépez-Pujol et al. 2006). The country contains four biodiversity hotspots that
are home to significant diversity of endemic species that are threatened by human
activities. The number of protected areas (PAs) in the country has increased in
recent decades; a recent study identified China as a nation with 1,865 nature reserves
(Wang et al. 2012), covering more than 10 % of the country’s territory. These PAs
are particularly concentrated across the eastern half of the country where urbaniza-
tion has also been the most dramatic.

Apart from studies that evaluate the past and current impacts of development on
the country’s biodiversity there has been sparse quantitative analysis of the implica-
tions of future urban expansion. A recent study predicted that proximity of urban
areas to PAs in the country will dramatically increase by 2030 (McDonald et al.
2009). By 2030, the urban population of China is expected to be over 900 million,
an increase of over 300 million (UN 2010). While there are uncertainties around this
estimate, there is even greater uncertainty about the location and amount of future
urban expansion.

Recent analyses indicate that nearly half of the increase in urban land across the
world is predicted to occur in Asia, with the largest increases in China and India
(Seto et al. 2012). Within China, urban expansion is predicted to create a 1,800 km
coastal urban corridor from Hangzhou to Shenyang. As urbanization progresses
towards the western regions of the country, more of the biodiversity hotspots are
likely to be affected by development and urban land conversion. A recent study
forecasts direct impacts of urban expansion on biodiversity in China, but it does not
elaborate on how these forecasted impacts vary across the country (Gtineralp and
Seto 2013). On the other hand, while invaluable to develop our understanding
between urbanization and biodiversity conservation at specific localities, case-based
studies are too few to generate a comprehensive outlook across the country.

Of the 34 biodiversity hotpots identified around the world (Myers et al. 2000;
Mittermeier et al. 2004), four remain partially within China’s borders: Himalaya,
Indo-Burma, the Mountains of Central Asia, and the Mountains of Southwest China
(Fig. 5.1). In 2000, about 13 % of the total urban land in China — a little over
10,000 km? — were located within these hotspots. Importantly, the urban land in the
Indo-Burma hotspot constitutes 92 % of the total urban land across all four biodi-
versity hotspots. The Indo-Burma hotspot extends across several provinces; for
example, Guangdong province had around 85 % of its total urban land area located
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Fig. 5.1 Biodiversity hotspots and urban extent in China circa 2000 (Prepared by and published
with kind permission of ©Burak Giineralp 2013. All Rights Reserved)

within the hotspot in 2000 (Fig. 5.2). Moreover, the province accounts for more than
two thirds of the total urban land cover in this hotspot and the most urban land in
any biodiversity hotspot across China. It is followed by Guangxi and neighboring
Yunnan, both of which have southern portions of their land in the Indo-Burma
hotspot. Xinjiang in the northwest of the country also has considerable urban land
(about 500 km?) in the hotspot Mountains of Central Asia; that is equal to about one
fourth of the total urban land in the autonomous region (Fig. 5.2).

Based on the IPCC scenarios and projected urban expansion rates in Seto et al.
(2011), the urban land in biodiversity hotspots is projected to increase from about
10,000 km? in 2000 to somewhere between 40,000 and 77,000 km? by 2030. Of the
four hotspots, Indo-Burma, which contained by far the most urban land (more than
9,000 km?) in 2000 (Fig. 5.1), is projected to have between 35,000 and 70,000 km?
urban land by 2030.

Apart from the Mountains of Southwest China hotspot which is nearly com-
pletely within China’s borders, the implications of urbanization in the other three
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Fig. 5.2 The amount of urban land within biodiversity hotspots in 2000, and the corresponding
percentage of the total urban land area in each of the provinces and special administrative regions that
contain biodiversity hotspots (Published with kind permission of Burak Giineralp and modified by
Maria Schewenius. ©Maria Schewenius 2013. All Rights Reserved)

biodiversity hotspots for their biodiversity and ecosystem functioning can be more
accurately assessed through trans-border regional cooperation between China and
its neighbors (Chettri et al. 2007). Such cooperative initiatives are especially perti-
nent for the Indo-Burma and Himalaya hotspots because urbanization is also rapidly
progressing in those parts of these hotspots that are in other Southeast Asian coun-
tries including India (Seto et al. 2012). In addition, while not located within any
hotspots, large urban agglomerations such as Chengdu in Sichuan and Uriimgi in
Xinjiang are within less than 20 km of the Mountains of Southwest China and
Mountains of Central Asia hotspots, respectively. The land use policies in such
urban agglomerations should include strategies to direct growth away from the bio-
diversity hotspots.

Considering the primary importance of economic growth placed in performance
evaluations of the local governments, proper evaluation of ecosystem services in
these hotspots gains urgency so that they can be included in economic consider-
ations of the local governments. In China, there are wide variations across the
provinces in terms of the amounts and/or proportions of urban land in biodiversity
hotspots. These differences across the provinces call for differentiated strategies
to manage urban expansion to minimize its negative impacts on biodiversity and
ecosystem functioning.

The threats to biodiversity hotspots come from direct land cover change that
causes habitat loss and degradation of ecosystem functioning as well as indirect
effects of urban encroachment. One such indirect effect is the increased incidence
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of colonization by introduced species as urban areas expand into these hotspots.
Going beyond the physical expansion of urban areas in or near the biodiversity
hotspots, the consumption patterns of urban inhabitants in general can adversely
affect biodiversity and ecosystems in these sensitive areas even if they are not
located in close proximity to each other (Seto et al. 2012). In particular, the reduc-
tion in household size with increasing urbanization has been shown to have large
impacts on resource consumption and biodiversity (Liu et al. 2003). Moreover,
urban expansion and population growth in one location may have knock on effects
leading to land change cascades that can extend well into the more sensitive parts of
biodiversity hotspots — both within the same country and across continents (DeFries
et al. 2010). Such challenges cannot be met by local-level solutions only; they
require policy responses at a much larger scale and thus call for appropriate strate-
gies with sufficient breath, to be developed at the national and international levels.

Minimizing habitat and biodiversity loss and limiting degradation of ecosystem
services require integrating ecological knowledge into urban and land use planning
practices (Niemeld 1999) so that these practices become more attuned to conserva-
tion of biodiversity and preservation of ecosystem services (McDonald et al. 2008).
However, if the past three decades are any indication, urban expansion dynamics in
China will primarily be dominated by economic forces, which includes the role
played by land transactions as a source of income for local governments (Frederic
and Huang 2004; Yew 2012). Therefore, the current land market system needs to be
reformed for urban planning to attain any meaningful level of success in conserva-
tion of biodiversity and preservation of ecosystem services.

Despite upbeat assessments on the trends of biodiversity loss in China (Xu et al.
2009), there is still cause for concern (Liu and Diamond 2005). How urban areas
continue to expand may affect larger expanses of the biodiversity hotspots in the
coming decades. There is thus a need for forward-looking studies to understand the
likely rates, magnitudes, and patterns of urban expansion within the biodiversity
hotspots at a range of spatial and temporal scales.

The scale of urbanization in China has so far been extraordinary and there is
every indication that it will remain so in the coming decades. Thus, the impact of the
country’s urban growth on biodiversity and ecosystems may surpass the extent of
impacts we have witnessed across the world so far. The preliminary forecasts
reported here are limited to the biodiversity hotspots, one of several conservation
prioritization concepts. Another forecasting study reported that proximity of urban
areas to the nature reserves in China will also dramatically increase by 2030
(McDonald et al. 2009). Moreover, these forecasts inform about the potential direct
impacts of urban expansion on biodiversity, but not about its indirect impacts due to
increasing demand for natural resources originating in urban environments. One
such indirect impact is the construction of dams and other infrastructure to meet the
rising energy demands mostly originating from urban areas. For example, the exist-
ing and planned dams along the Chinese portion of the Mekong River will have
significant impacts on biodiversity both through land changes (including inundation
behind dam walls) and through alteration of river flow (Dugan et al. 2010; Barrington
et al. 2012). Both direct and indirect impacts of urbanization need to be taken into
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consideration for a complete account of its environmental impacts. Nevertheless,
there is a critical window of opportunity in the next few decades for China to implement
more proactive approaches to guiding urban expansion in ways that least negatively
impact biodiversity and ecosystems.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.
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6.1 Introduction

India is increasingly marked by the growing influence of urban areas, with large-scale,
distal impacts on rural environments across the country. These changes will impact
land cover, natural habitats, biodiversity and the ecosystem services that underpin
human well-being.

Until recently, rural development was a major focus in India. This changed in
2005, when the launch of the Jawaharlal Nehru National Urban Renewal Mission
shifted the focus to development of 63 urban centers throughout the country.
Reforms in India and national policies now treat urbanization as central to economic
and industrial development, and there is an explicit strategy to develop cities. One
of the largest examples is the developing Mumbai—Delhi industrial corridor, which
is approximately 1,500 km long and connects two of the country’s megacities
(United Nations Human Settlements Programme (UN-HABITAT)). The govern-
ment is also establishing special economic zones, industrial and technology parks,
and free-trade zones that will further focus urban expansion in specific locations.
These urban clusters are likely to transform entire regions, with significant impacts
on habitat and biodiversity.

Urbanization has major impacts on rural areas, reshaping lifestyles, livelihoods,
and patterns of consumption and waste generation. Demands from urban popula-
tions decrease the supply of natural resources in far off areas, and increase pollution
within and outside cities. This is often exacerbated by both lack of appropriate poli-
cies for managing these effects, and poor regulation and enforcement (Aggrawal
and Butsch 2012). Thus, the ongoing and anticipated massive increases in urban
population across India are bound to have significant implications for the country’s
environment, ecology, society and sustainability.

Urbanization in India also presents opportunities for the environment. For instance,
at the national level following promotion of the transition from fuelwood to liquefied
petroleum gas for household energy use in cooking, the urban fuelwood demand
declined from 30 % of households in 1993, to just 22 % of households in 2005. This
has reduced the pressure on forest habitats near urban areas. Cities can also serve as
nodes for ecosystem recovery. For instance, in Navi Mumbai, decreased pressure on
mangrove forests has lead to a remarkable recovery in the past two decades. In
Bangalore, collaborations between municipal government and local communities
have led to a growing movement towards the restoration of lakes. In Surat, a focus on
integrated waste and sewage management has provided impressive results.
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This assessment provides an overview of the environmental and ecological
implications of urbanization in India, discussing challenges as well as opportunities
for future sustainability.

6.2 Patterns of Urban Expansion: Results
from Remote Sensing Studies

Indian cities are expanding in number, density and size (Fig. 6.1). Currently, India’s
urban population is around 377 million people, or 30 % of the nation’s total JNNURM
Directorate, Ministry of Urban Development and National Institute of Urban Affairs
2011). By 2031, the urban population in India is expected to nearly double, reaching
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Fig. 6.1 Urban population growth in India (red dots) and the surrounding region (orange dots)
1950-2025 (Prepared by and published with kind permission of ©Femke Reitsma 2012. All Rights
Reserved) (Color figure online)
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600 million people (United Nations 2011). In the past 20 years, the built area in the
top 100 cities alone has increased by almost 2.5 fold or over 5,000 km?.

India already contains three of the world’s ten largest cities, Delhi, Mumbai and
Kolkata, as well as three of the world’s ten fastest growing cities, Ghaziabad, Surat
and Faridabad. Further impacts on ecosystem services, green spaces and connectiv-
ity will take place as large and growing cities merge into city clusters (such as Pune-
Mumbai). However, about half the country’s urban populations live in smaller urban
agglomerations with under 100,000 people.

The development patterns of Indian cities are additionally shaped by their unique
history, topography, planning and management. For instance, Pune and Bangalore
retain significant green space in the city core despite rapid development and growth
due to the presence of institutions such as the military and public sector companies,
which protect large green patches.

Urban growth in India is often nucleated, with newly urbanized land usually seen
in a tight band around the older parts of the city. In high growth cities like Bangalore
and Pune, the city center maintains a fairly steady population because of a scarcity
of land, while the city grows outwards, leading to increased fragmentation at the
periphery (Taubenbock et al. 2009). In the smaller city of Lucknow, growth is largely
in the city core due to infilling, which can lead to greater impacts on biodiversity in
the center of the city, and can impede species movements through the urban land-
scape (Schneider and Woodcock 2008).

6.3 Impacts on Urban Ecosystem Services

Accelerated urban growth presents several difficult challenges for the natural
environment in Indian cities. Increasing pollution of water and air degrades ecosys-
tems. A continuous encroachment and transformation of ecosystems from woodlands,
grass lands, coastal areas, wetlands and water bodies into urban concrete jungles
further degrade them (Nagendra et al. 2012). The remaining green spaces in
many cities have been transformed from their original state and species composi-
tions to human-designed, landscaped and pesticide-intensive parks.

Further transformation of urban ecosystems is driven by their vulnerability to
invasive species, such as the water hyacinth suffocating urban water bodies. Cities
can also become nodes for the spread of invasive exotic species into surrounding
non-urban habitats, such as the exotic Lantana camara, which was introduced to
India as an ornamental garden plant, but now chokes forest understories throughout
the country. Native bird species diversity has been shown to decline with an increase in
exotic plant species in Delhi, and the same has been found in other cities in the
world (Khera et al. 2009). This has disturbing implications for Bangalore, where
80 % of the trees found in parks are exotic (Nagendra and Gopal 2011). Enhancing
the amount of green areas in cities with native species, as has been done in Mumbiai,
holds the potential to offset some of this development.

However, as cities and the climate change, some exotic species may have higher
survival rates compared to native species and provide support to other species, or
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services for humans. It is thus highly important to understand how exotic and native
species impact both humans and the ecosystems in urban areas.

The high population density in many Indian cities and towns creates particular
challenges to mitigate the impact of climate change. A major challenge will be to
manage scarcities and excesses of water. Coastal and inland cities located near
rivers, such as Mumbai, Kolkata, and Delhi will have to deal with increased risk and
intensity of flooding. The most vulnerable urban residents tend to be socio-
economically deprived. They also tend to live in informal or traditional settlements,
located in areas at greatest risk for flooding or landslides and at greatest risk of
eviction during environmental crises.

Problems of water scarcity due to unpredictable rainfall will intensify as climate change
accelerates, especially affecting cities in semi-arid areas such as Bangalore. Measures
such as rainwater harvesting need to be intensified. Well-functioning ecosystems
can be critical in ensuring greater food and water security for the most vulnerable in
times of climate change. Urban forests have the potential to reduce air pollution and
decrease urban heat island effects, while urban wetlands and lakes can reduce flooding,
increase groundwater recharge, and stabilize soil. Improving solid waste management is
also critical to maintaining the quality of urban ecosystems and life.

6.4 Impacts on Biodiversity

A major element of India’s projected urbanization will take place along the coast-
lines through the growth of existing coastal cities and proposed and ongoing devel-
opment of major new ports. This threatens important coastal regions through
destruction of sensitive habitats such as mangroves and sea turtle nesting beaches,
and increased demand for fish, turtle eggs and other seafood. Building construction
close to the shoreline, along with mangrove destruction, also leaves cities more
vulnerable to flooding and other damage from natural disasters like cyclones and
tsunamis, and projected sea level rise from global climate change. Future develop-
ment along the coastline must incorporate strategies to maintain and restore natural
vegetation as a buffer along the water’s edge.

Box 6.1 Landscape Transformation and Ecosystem Opportunities: The
Example of Mumbai

What is today the city of Mumbai started as a group of islands but urbanization
claimed land, which led to infilling of tidal flats, and conversion of mangroves
for urban development. This has increased the city’s vulnerability to flooding
and anticipated sea level rises due to global climate change.

However, there has been some recovery of mangrove forests in the Navi
Mumbai corridor along the eastern side of Thane creek since the mid-1990s.

(continued)
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Box 6.1 (continued)

This can be linked to a decrease in the dependence on fuelwood by former
villages that were overtaken by urban development, and a shift to alternatives
such as compressed natural gas and electricity. Simultaneously, the creek also
became an important wintering ground for a large population of Lesser
Flamingoes. Unfortunately, the new proposed airport development in Mumbai
threatens to destroy much of this newly re-created habitat. Thus, changes in
human resource use can have immediate consequences for ecosystem degra-
dation as well as for restoration.

6.5 Challenges of Governance

Governance of ecosystems in India is characterized and shaped by a complex
network of actors interacting on multiple levels, including but not confined to the
judiciary, elected officials, city municipalities, corporate and public sector agen-
cies, Non-Governmental Organizations (NGOs), local community groups, research
institutions, and activist groups.

Elected officials, judiciary, city municipalities, and planners can devise and
seek to implement laws and regulations, but the involvement of community
groups, corporate and public sector agencies and NGOs is important to ensure
knowledge sharing, and willingness to follow regulations. In this context, infor-
mal, loose coalitions of different social, economic and interest groups are gaining
increasing influence in negotiating local-scale agreements about resource use, and
in providing important links with official institutions. They also strengthen the
governance capacity of local municipalities, who face knowledge constraints and
resource and manpower limitations that restrict their ability to effectively imple-
ment regulations limiting the over-use and exploitation of urban ecosystems.

Thus, a range of informal and formal institutions play important roles in making
diverse perspectives and needs of different social and economic groups heard by
decision-makers. They can also increase knowledge dissemination within their own
groups and implement sustainability initiatives at a micro-scale that can become
very valuable when accumulated at a city scale. Examples include wildscaping of
local gardens in Pune, solid waste management in Chennai, and lake restoration and
governance in Bangalore.

Another example is the case of India’s capital, Delhi, which saw a rapid increase
in air pollution in the 1990s. Interventions by the Supreme Court of India, followed
by pressure from civil society groups, led to the implementation of a number of
policies designed to reduce air pollution, resulting in an impressive drop in air pol-
lution levels. Recent years have seen an increase in air pollution again, due to
rapidly growing numbers of private vehicles. This is a challenge for most Indian
cities, which lack sufficient and reliable public transport.
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6.5.1 City Municipalities

The city of Surat, Gujarat state, Western India, is the fourth fastest growing city in
the world. Yet, over the past couple of decades it has transformed into one of the
cleanest cities in India, with an excellent public bus service, well planned water
distribution and well functioning waste management and treatment plants. A key
factor was the implementation of a well designed municipal management, brought
about by streamlining of functional, administrative, financial and technological
bodies within the municipality, in collaboration with NGOs, local community
groups and the public. It is critical that municipalities work pro-actively to avoid
problems rather than tackling them after they appear. It is also important to actively
involve representation from a variety of social and economic groups, providing eco-
system and environmental protection and restoration, while also paying attention to
issues of equity, social justice and human wellbeing.

6.5.2 Media and the Civil Society

Media play a key role in highlighting environmental and development issues for
public awareness. In addition to traditional media such as newspapers and televi-
sion, which are widely accessed across India, social media, such as Facebook, email
list services, Twitter and blogs, have emerged as tools allowing people on multiple
levels in society to share information, and monitor authorities’ activities.

6.5.3 Sacred and Cultural Traditions of Conservation in India

History and cultural preferences for specific types of landscaping and biodiversity
play a major role in shaping Indian urban ecosystems. In the capital city of Delhi,
the trees in the old city where the British influenced landscaping, differ clearly in
distribution and species composition from the trees in the new gated communities at
the urban periphery, such as Gurgaon (King 2007). Similarly, in Bangalore, older
parks are more wooded, while newer landscaped gardens tend to be dominated by
neatly trimmed shrubbery, which may appeal more to the wealthier of the city’s
residents (Nagendra and Gopal 2011).

India has a long, rich tradition of conservation associated with sacred religious
and cultural beliefs. Sacred groves are conserved in many peri-urban areas and
smaller towns, while it is quite common to find massive, centuries-old sacred trees
being protected in densely congested urban neighborhoods across India. These trees
act as keystone species and provide important support for urban wildlife. Other
habitats and species such as bat roosts, Bonnet macaques, hanuman langurs, and
fish are protected in certain areas. People also feed urban wildlife during certain
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Box 6.2 Cultural Influence Shaping Urban Ecosystems

Today one-third of the world’s population lives in slums. In Bangalore, the
awareness of the importance of biodiversity in slums was very high, with
plant species providing crucial services to inhabitants, acting as sources of
shade, physical support, food, and medicine. Trees and plants also had social
and psychological significance, being important for cultural and religious cer-
emonies and beliefs.

While trees and plants in wealthier residential areas in Bangalore are of
aesthetic and cultural value that can be seen as an extension of people’s
lifestyles, greenery in slums is very much a part of people’s livelihoods. As a
recent study found, the extremely difficult conditions under which the majority
of the slum residents managed their daily activities meant most of their days
were spent outside. Canopy trees provided shade, which is of increasing
importance as the number of people increase and as summers are increasingly
hot. The trees also supported a variety of professions: flower selling, broom
making, incense sticks making, and the running of a mechanic shop, tea stalls
and telephone booths (Gopal 2011). All slums had potted plants in addition
to trees, grown in a variety of containers due to space constraints, mostly
representing species that had direct value for consumption as food, for
worship, or for medicinal use.

times of the day (Jaganmohan et al. 2012). Water, wetlands and lake ecosystems
also occupy a prominent position in many Indian cultural traditions, with traditional
restrictions on the conservation and management of fresh water resources, main-
tained through worship of local lake deities. Although disrupted by urbanization,
many of these practices continue to survive in Indian urban areas. Such traditions
can be very influential in providing a unique, India-specific path for sustainability in
an urban future.

6.6 Conclusions

India is facing a massive increase in urban population, from 377 million people in
2010 to 600 million in 2031, in part because the country is investing heavily in
large-scale infrastructures such as roads, telecommunications, water networks, and
power and electricity grids. This increase is bound to create massive challenges for
the environment, ecosystems and human well-being in India, and the challenges
need to be addressed upfront. City planning, infrastructural development and the
consumption patterns of urban inhabitants will impact ecosystems within cities as
well as far beyond the city boundaries, with implications for the quality of life for
people across the country.
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Cities can and do harbor great biodiversity, in many cases managed and maintained
by citizens of different levels of society, ranging from the wealthy to the underprivi-
leged. This illustrates a great potential and opportunity within cities. Many Indian
cultural traditions are associated with nature and its protection, which has added to the
resilience of urban green and blue spaces.

Informed decision-making for ecosystem protection, management and restoration
will be of increasing importance in the era of climate change. For this, sustainable
planning and implementation is required, building on inclusion of people and groups
from all levels and backgrounds. A network of official governance institutions, civil
society groups and individuals can contribute to informed decision-making and
effective implementation, with social and ecological well-being as the main focus.

As this chapter highlights, there are opportunities and success stories, as seen in
the large scale involvement of NGOs, civil society groups and local communities
from diverse socio-economic backgrounds, including the most underprivileged, in
ecosystem protection and biodiversity maintenance. Such community initiatives to
reduce urban ecological footprints, improve solid waste management, rainwater
harvesting and lake restorations, need to be supported and scaled up to the national
level to meet the challenges abound. It is essential and urgent that India finds ways
to balance economic growth with reduction of pressure on ecosystems to ensure a
secure, equitable, and sustainable future.
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Abstract Bangalore is the principal administrative, cultural, commercial, industrial,
and knowledge capital of the state of Karnataka, with a population approaching nine
million. Economic growth has had a major impact on ecosystems and biodiversity,
leading to the encroachment and pollution of water bodies, the felling of thousands
of trees, and urbanization of green spaces. The city periphery experiences acceler-
ated growth, with changes in ecosystems, land use and governance leading to impacts
on ecosystems and biodiversity. Vegetation in the city core is species rich but less
dense compared to other cities, with a high proportion of exotic plant species, and
high faunal and insect diversity, although shaped by social preferences that vary
across location and time. Bangalore’s green spaces and lakes are embedded within
multiple land use categories, and governed by a multiplicity of institutions with
overlapping, often uncoordinated jurisdictional responsibilities. Civil society also
significantly shapes the environmental agenda in Bangalore, taking an active and
vibrant role in respect of environmental issues. In the coming decades, climate
change and scarcity of access to clean water are likely to pose significant challenges
for the city, exacerbated by the loss of lakes, wetlands and green spaces. Socio-
economically vulnerable populations will be especially susceptible to these changes.
In this context, Bangalore’s cultural character, as a location of significant civic and
collective action, will play a very important role in shaping urban environmental
protection and conservation efforts, with collaborations between citizens of different
economic strata and government agencies playing an increasingly critical role.

Keywords Economic growth ¢ Urban sprawl ¢ Traditional knowledge ¢ Keystone
species ¢ Lakes

Key Findings

* Bangalore is simultaneously sprawling and growing rapidly in population

e The official governance structure is heavily compartmentalized and
fragmented

e The lakes and green spaces in the city are rapidly transforming or
disappearing

e Civic initiatives play an important role in providing protection for the
urban ecosystems

e The city’s poor often play a direct role in maintaining the biodiversity,
while also being the most vulnerable to environmental hazards.

7.1 Introduction

Bangalore is the principal administrative, cultural, commercial, industrial, and
knowledge capital of the state of Karnataka. The city is geographically located at
12.95° N latitude and 77.57° E longitude and situated on the Deccan plateau, at an
altitude of 920 m above msl. Bangalore is a fast growing incipient megapolis, with
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an increase in population from 163,091 during 1901 to 8,499,399 as per the 2011
Census (Census of India 2011). With the advantages of booming economic activity,
availability of land for expansion, and the city’s year-round favorable climate due to
its location at a higher elevation; population growth, migration and expansion has
been extensive, leading to urban sprawl and landscape fragmentation in and around
Bangalore (Sudhira et al. 2007; Nagendra et al. 2012).

Bangalore was known as a tiny village in the twelfth century and has grown
through the intervening centuries, to emerge as the fifth largest city in India today.
Popular belief associates this with an agricultural ecosystem service, considering
the name “Bengaluru” (the city’s name in the local language Kannada, from which
“Bangalore” has been anglicised) to be derived from “benda kaalu ooru” — town of
boiled beans. Tradition associates the twelfth century Hoysala King Vira Ballala
with the origin of this name. The tale states that Vira Ballala once lost his way during
a hunting expedition in this region and reached the hut of an old woman, who offered
him cooked beans that were locally grown. In memory of her hospitality, the king is
believed to have named the place as ‘benda kaala ooru’ (town of boiled beans)
(Rice 1897a). While this is an interesting story, it is unlikely to be true as there are
references to the name seen much prior to the supposed date of this incident, in a
nineth century war memorial stone inscription (Annaswamy 2003; Sudhira et al.
2007). Kamath (1990) offers an alternative explanation also linked to the local ecology,
stating that Bangalore is said to have got its name from benga, the local Kannada
language term for Pterocarpus marsupium, a species of dry and moist deciduous
tree, and ooru, meaning town. Thus, the ecological character of the surrounding
landscape appears to be closely linked with the very name of the city.

The founding of modern Bangalore is attributed to Kempe Gowda, a scion of the
Yelahanka line of chiefs, in 1537 (Kamath 1990). Kempe Gowda is also credited
with construction of four towers along four directions from the Petta, the central
part of the city, to demarcate the boundaries of anticipated growth. The city has
substantially surpassed these boundaries envisaged in the sixteenth century, with
particularly rapid growth in the past half century. Since 1949, Bangalore has grown
spatially more than ten times (see Fig. 7.1) (Sudhira et al. 2007).

Bangalore’s prominence as a center of trade and commerce was established
during the early nineteenth century, when the city supported a flourishing trade and
commerce (Buchanan 1870). In the past two decades, Bangalore’s economic growth,
due to information and communication technology (ICT) industrial expansion, has
placed the city on the global map (Friedman 2005). Bangalore’s economic growth
is powered by the presence of numerous higher education institutions, public sector
companies and knowledge based industries (Glaeser 2011).

Despite the popular perception of the economic dominance of the ICT-based
industries, the city’s economy is highly diversified, being also characterised by textile,
automobile, machine tool, aviation, space, defence, and biotechnology based
industries, as well as numerous services, trade and banking activities. An important
feature of the economic activities of Bangalore is the huge concentration of small
and medium enterprises (SMEs) in diversified sectors across the city, with more
than 20 industrial estates/areas comprising large, medium and small enterprises
(Sudhira et al. 2007). The city is a source of wealth for many, with a net district
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Growth of Bangalore from 1537 to 2007
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Fig. 7.1 Spatial growth of Bangalore from 1537 (red) to 2007 (light yellow) (Source data from
Census of India. Prepared by H.S. Sudhira and modified by Jerker Lokrantz/Azote. Published with
kind permission of ©H.S. Sudhira 2013. All Rights Reserved)

income of Rs. 2,625,920 lakhs (approx. US$ 5.8 billion) and a per capita income of
Rs. 39,420, little more than twice of the state’s average per capita income of Rs.
18,360 (Government of Karnataka 2005). Yet, economic inequities remain strong
with prevailing housing poverty for an estimated 25 % of the city’s population.

7.2 Urbanization, Ecosystem Services and Biodiversity;
Scenarios and Trends

The economic growth in the city has had a major impact on ecosystems and
biodiversity. Bangalore attracts a high traffic of migrants each year, and many of
them indicate that they come to the city in part for its cool climate and greenery
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(Nair 2005; Sudhira et al. 2007). Yet ironically, while the city was once known for
its wide tree-lined avenues, historic parks, and expansive water bodies, this influx
of growth has led to the encroachment and pollution of water bodies, the felling
of thousands of trees, and large scale conversion of open areas and parks into
commercial, industrial and residential settlements (Nair 2005; Sudhira et al. 2007;
Nagendra and Gopal 2010, 2011). This is not a new phenomenon, and urban
expansion has led to the disappearance of some patches of the city’s iconic oldest
botanical gardens even as far back as the early nineteenth century (Iyer et al. 2012),
but the scale of impact has exploded in recent decades.

Further, urban growth in Bangalore — in common with many other Indian cities — is
much less directed by state policies or colonial legacies than for many other parts of
the world. This has resulted in patterns of growth that are irregular and complex,
with reduced urbanization in the city core, but accelerated and fragmented processes
of change at the periphery (Schneider and Woodcock 2008; Taubenbdck et al. 2009).
High land prices and scarcity of land in the city centre have led to the location of
most new development at the city periphery (Sudhira et al. 2003; Shaw and Satish
2006). Consequently, patterns of change in green areas appear to be similarly con-
strained, with increased loss in vegetation and fragmentation in the city periphery
compared to the city core (Nagendra et al. 2012). Urban expansion has also greatly
transformed the land-use patterns and institutional forms of governance of many
ecosystems located in former agricultural hinterland areas (Nair 2005; D’Souza
and Nagendra 2011). The consequences of these combined changes in ecosystems,
land use and governance have been manifold, with deterioration of biodiversity and
soil quality, aggravation of urban heat island effects, increased pollution, flooding, water
scarcity and epidemics, and consequent impacts on human health and well-being.

Bangalore contains a diversity of green spaces located within multiple land use
categories including in parks, home gardens, office complexes, wooded streets,
wetlands, and remnant forests (Sudha and Ravindranath 2000; Nagendra and Gopal
2010, 2011). Vegetation in the city core tends to harbour greater heterogeneity and
species richness as well as a larger proportion of exotic species compared to rural
and forested areas (Issar 1994; Neginhal 2006). Within the central, older parts of the
city, few patches of remnant natural vegetation exist, and most ecosystems have
been significantly modified by human influence, responding to social preferences
that vary across location and time (Sudha and Ravindranath 2000). For instance,
older wooded streets and parks tend to be dominated by large-canopied, slow grow-
ing long lived tree species that provide greater shade, biodiversity support, pollution
reduction and microclimatic buffering while recent planting has focused more on
ornamental species and short statured, small canopied, relatively short lived species
that are easier to maintain but less likely to provide the same range of environmental
and ecological services (Nagendra and Gopal 2010, 2011). Bangalore has a rela-
tively high tree diversity but relatively low tree density compared to many other
cities (Nagendra and Gopal 2010). As with other parts of the world, home
gardens in Bangalore are rich in plant diversity but in contrast to cities in Europe
and the USA, these tend to contain a large proportion of plants selected for their
cultural, medicinal and culinary properties (Jaganmohan et al. 2012). The city flora
contains a large proportion of exotic species, with three out of four park trees
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coming from introduced species (Nagendra and Gopal 2011). Many of these species
have however been planted for well over a century, with the view to creating a
spectacular, scenic urban landscape with a succession of species flowering across
all seasons. Many of the introduced species thus support a wide diversity of birds,
insects and other fauna (Issar 1994; Neginhal 2006).

Trees in Bangalore provide a diversity of ecosystem services, decreasing ambient
air temperatures in the summer by 3-5 °C, and road asphalt surface temperatures by
as much as 23 °C, substantially reducing levels of noxious air pollutants including
SO, and Suspended Particulate Matter (unpublished data), providing critical habitat
for a diversity of birds, insects and other urban wildlife, and constituting important
sources of recreational and sacred cultural services to city residents, especially in
poor neighborhoods such as slums (Gopal 2011). Thankfully, despite the extensive
clearing and fragmentation of vegetation in many parts of Bangalore, the city core
still supports substantial vegetation. Given the city’s colonial history as a former
British military establishment, many of Bangalore’s large green spaces are managed
by a variety of public institutions including the military and defence establishments,
public sector industries, and educational institutions (Nagendra et al. 2012).
Bangalore also hosts two large, historic botanical gardens, a number of educational
institutions and a number of historic cemeteries (Nair 2005). These locations
harbour large numbers of majestic, visually spectacular trees that provide important
biodiversity and environmental/ecosystem services to the city and have provided
significant protection against vegetation clearing and fragmentation in recent years
(Nagendra et al. 2012). A faunal checklist compiled in 1999 documented the
presence of 40 species of mammals, over 340 species of birds, 38 species of reptiles,
16 species of amphibians, 41 species of fishes and 160 species of butterflies within
a 40 km radius from the Bangalore city centre (Karthikeyan 1999). Pockets of native
vegetation cover persisting in academic institution campuses and botanical gardens
contribute significantly to faunal biodiversity. There is high insect diversity, with
reports of rare species in the campuses of Bangalore University, the Indian Institute
of Science and University of Agricultural Science in Bangalore, as well as in the
city’s two botanical gardens — Lal Bagh and Cubbon Park (Gadagkar et al. 1997,
Kumar et al. 1997; Nayaka et al. 2003; Varghese 2006; Swamy et al. 2008). There
has even been a report of the discovery of a new ant species in an Indian educational
institution campus (Varghese 2006).

A number of small neighbourhood parks have also come up in the core of
Bangalore in the last two decades. Their size and focus on exotic, landscaped
features does appear to provide limitations in terms of the range ecological services
they can provide (Nagendra and Gopal 2011).Yet, even these parks provide important
recreational services for local neighbourhoods, and field surveys indicate that
these constitute important habitats for migratory birds and other local biodiversity
(Swamy and Devy 2010). In these and other human-impacted urban habitats in
Bangalore, some taxa such as ants and earthworms are able to persist because of
the availability of specialized microhabitats, leaf litter and soil organic matter
(Kale and Krishnamoorthy 1981; Swamy et al. 2008), while other taxa such as
lichens indicate patterns of species turnover and replacement by species more
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tolerant to pollution (Nayaka et al. 2003). Yet, worryingly, fragmentation of vegetation
connectivity has increased over time, within the city core as well as the periphery
(Nagendra et al. 2012). This is especially critical for the Bangalore urban landscape,
where many migratory birds and other species need to move between a number
of small, scattered habitats of variable resource quality, making their survival and
persistence especially challenging.

Although satellite remote sensing indicates the presence of recent greening in
some peripheral areas, field research indicates that much of this can be traced to the
short term plantation of water hungry, fast growing exotic timber species such as
Acacia auriculiformis and Eucalyptus on formerly agricultural lands, which are
eventually converted to urban development (Nagendra et al. 2012). Fortunately,
some peripheral parts have witnessed citizen-government interactions efforts at
plantation and restoration of urban environments, and are beginning to provide a
positive example for other peripheral areas in the city (Nagendra 2010).

The expansion and intensification of Bangalore has also transformed the land-use
patterns and institutional forms of governance of the city’s wetlands and water
bodies. There were once thousands of reservoirs in the area surrounding Bangalore,
used for a number of purposes including agriculture, fishing, cattle washing, drinking,
and domestic uses (Buchanan 1870). These water bodies were largely created
and maintained by human effort, through damming rainfed streams to create
networks of freshwater reservoirs topographically distributed throughout the region
(Rice 1897a, b). These wetlands supported an impressive diversity of birds, fish,
amphibians, reptiles, insects, and micro-organisms until quite recently (Krishna et al.
1996). Originally managed by adjacent village communities, lakes in Bangalore are
now managed by a large number of government departments with overlapping
jurisdictions and responsibilities (Gowda and Sridhara 2007; D’Souza and Nagendra
2011). Public perceptions and uses of lakes have also transformed as a consequence
of urbanization, from community spaces valued for water and cultural services, to
urban recreational spaces used largely by joggers and walkers (Srinivas 2004;
D’Souza and Nagendra 2011).

Currently, over 200 lakes are located within greater Bangalore (BBMP 2010),
while a much larger network of lakes surround the city at its periphery (Fig. 7.2).
Rapid changes in land use have taken place around lake and wetland areas (D’Souza
and Nagendra 2011) as water bodies have been encroached upon for conversion to
urban land use, subjected to drying because of disruptions in the drainage networks,
and polluted by domestic and industrial waste (ESG 2009).

7.3 Governance and Institutions

An important aspect of a city is how well it plans, manages and administers, activities
which form the core part of an urban agenda — governance. Yet, environment hardly
becomes a priority in most instances. In Bangalore, there has been an overall
emphasis on economic development at the cost of environmental degradation.
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Fig. 7.2 Distribution of lakes within and surrounding Bangalore. Note the lack of lakes in the city
center, indicating their encroachment and conversion to other land uses (Prepared by and published
with kind permission of © Harini Nagendra 2012. All Rights Reserved)

Appropriate state mechanisms through institutions, policies and programs can enable
the protection and maintenance of ecosystems. However, apart from the formal
administrative structures, the presence and involvement of civil society significantly
shapes the environmental agenda in Bangalore. The city, in the recent past, has
witnessed non-governmental organizations (NGOs) and community based
organisations (CBOs) taking an active and vibrant role in respect of environmental
issues (Sudhira et al. 2007; Khandekar 2008).

A multiplicity of laws and institutions are known to have had control over provi-
sioning of different ecosystem services including protection of lakes. Subramanian
(1985) notes that even about a century ago, there were multiple agencies including
the Government of Mysore (Public Works Department, Dewan), Government of India
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Table 7.1 Institutions and their functional areas concerning the environment in Bangalore

SI. No. Institutions Functional areas
1 Bruhat Bangalore Urban local body responsible for overall delivery
Mahanagara Palike (BBMP) of services — Development and Maintenance of

Parks and Playgrounds (all open spaces), Solid
Waste Management, Health, Storm Water
Drains, Manages only 4 lakes currently,
Responsible for Tree Cover as well

2 Bangalore Development Land use zoning, planning and regulation within

Authority (BDA) Bangalore Metropolitan Area; Develops and

Maintains few Parks; Notification of Green
Belts and Valley Zones implicates amount

of development
3 Bangalore Water Supply Drinking water — pumping and distribution,
and Sewerage Board sewerage collection, water and waste water
(BWSSB) treatment and disposal
4 Lake Development Regeneration and conservation of lakes in
Authority (LDA) Bangalore urban district
5 Department of Forests, Ecology =~ Formulation of programmes in the state on
and Environment activities causing impact on ecology and
environment, Responsible for setting up LDA
6 Bangalore Urban Division, Has the key role in maintaining the green cover
Karnataka Forest Dept. in and around the city, task of planting trees
and increasing tree cover
7 Karnataka State Pollution Responsible for enforcing various acts and rules
Control Board- KSPCB concerning the Environment, monitors for air

pollution, water pollution, solid waste
(municipal, bio-medical and hazardous)
disposal, and noise pollution. Also responsible
for conducting public hearing in accordance
with the EIA notification for any major projects
that can potentially have environmental impacts

(Engineering Department, Secretary of State), Resident at Bangalore, Municipalities
of the City and the Civil and Military station, and the Military Department, who
were all involved in the water supply system, resulting in considerable delays in
decision-making. The situation prevailing is no different today, with the involve-
ment of the Bruhath Bangalore Mahanagara Palike (BBMP), Bangalore Development
Authority (BDA), Bangalore Water Supply and Sewerage Board (BWS&SB), Lake
Development Authority (LDA), Karnataka State Pollution Control Board (KSPCB),
Department of Major and Minor Irrigation, Fisheries Department, Karnataka State
Council for Science and Technology (KSCST), Agenda for Bangalore Infrastructure
Development (ABIDe), Ministry of Environment and Forests, Government of India
(MoEF), and Department of Science and Technology (DST), Government of India,
all playing considerable roles in the various facets of ecosystem services in
Bangalore (Table 7.1). However, the 74th Constitutional Amendment Act by the federal
government mandates only the urban local body for protecting the environment.
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With a prevailing political vacuum and the clear state-capture of the urban local
body, the City Corporation appears to be in no position to re-assert its position in
managing environmental issues (Sudhira 2008).

Formally, among the abovementioned institutions, the environment agenda is
seen as primary only by the Karnataka State Pollution Control Board (KSPCB) and
the Lake Development Authority (LDA). The KSPCB was initially set up under the
provisions of the Water (Prevention and Control of Pollution) Act passed in 1974, and
it has been extending the responsibility for enacting the Air (Prevention and Control
of Pollution) Act, 1981 and Environment (Protection) Act, 1986. Thus, today, KSPCB
is responsible for enforcing various acts and rules concerning the Environment.
In the context of Bangalore, KSPCB monitors air pollution, water pollution,
solid waste (municipal, bio-medical and hazardous) disposal, and noise pollution.
KSPCB is also responsible for conducting public hearings in accordance with the
Environmental Impact Assessment notification for any major projects that can
potentially have environmental impacts. Since the jurisdiction of KSPCB extends
throughout the state its focus and attention on environmental issues within the city
of Bangalore is not commensurate to the importance of the problems and issues.

In a move to establish formal institutional structures towards the management of
lakes and water bodies, and taking cognizance of the N. Lakshmana Rau Committee
(1987), the Government of Karnataka set up the Lake Development Authority (LDA),
as a registered society under the provisions of the law (Karnataka Co-operative
Societies Registration Act, 1959), after the Government Order No. FEE 12 ENG
2002, Bangalore, dated 10th July 2002, as a non-profit organisation working solely
for the regeneration and conservation of lakes in and around Bangalore city. LDA
initially developed 5,00,000 in Bangalore using funding from the National Lake
Conservation Program and later extended its jurisdiction to all major water bodies
in Bangalore.

Recent attempts by LDA in a few lakes to explore public-private partnerships
have also been extremely controversial, leading to uncontrolled disruptive activities
such as motorized boating in some lakes, which have been effectively challenged
by litigations by local individuals, civic activist groups and non-governmental
organizations (Khandekar 2008). These litigations, including a series of long term
efforts by the Environment Support Group, have been extremely successful in garnering
support from the Karnataka High Court. In a series of extremely progressive rulings,
the Court has intervened on a number of aspects relating to conservation and
protection of lakes (High Court of Karnataka 2011). Coupled with recent efforts by
the city government to fence, protect and rejuvenate many of the city’s urban water
bodies, with significant funding earmarked for these initiatives, these series of actions
are beginning to reshape Bangalore’s polluted wetland and lake environment and
ecology. Despite expensive government restoration projects, many lakes continue to
be degraded, encroached, silted, and contaminated by sewage. In contrast, a number
of government efforts at lake restoration conducted in collaboration with local
communities have resulted in the significant recovery of formerly polluted lakes,
increase in ground water tables, and increase in native faunal and floral biodiversity
(Nagendra 2010). Although some of these community efforts have been rightly
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critiqued for their exclusion of specific socio-economic and livelihood groups
(Sundaresan 2011), others hold significant potential for the development of similar
restoration efforts in other parts of the city.

7.4 Urban Dynamics and Future Development

Bangalore’s growth in the last few decades is particularly compelling as the city has,
over two centuries, been continuously adapting from being a centre of trade during
the early nineteenth century (Buchanan 1870) to a Network City (Heitzman 2004).
While the city continues to evolve spatially, socially, economically and culturally at
arapid pace; for the ecological systems, these are too fast to adapt in such short time
spans. The consequences are glaring: the change in land-use with loss of water
bodies and green cover are evident. Clearly, the trend is not encouraging.

Transportation is another major factor impacting environmental sustainability in
Bangalore, which has a vehicle population of about 3.8 million for a population of
8.5 million (Regional Transport Authority 2012) — a vehicle-to-person ratio that is far
higher than other Indian cities. Much of this can be explained by the lack of sufficient
public transport. CO, emissions from the road transport sector in Bangalore have
been estimated at 24 million tonnes for the year 2005-2006, with emissions from
other greenhouse gases, CH, and N,O, estimated at 325 and 19 tonnes respectively.
The study suggests that the total emissions projected for 2012 and 2017 would be
3.03 and 4.06 MT of CO, equivalents respectively (Greenhouse Gas Inventory of
Karnataka 2007). In recent years, there have been efforts to address this by improving
the public bus service system, and building a Metro. Bangalore is also embracing
non-motorized transport, through a number of community-led cycling initiatives,
and efforts by the government such as the ongoing implementation of a 45 km
network of bicycle friendly streets within a residential neighbourhood, and support
to a recently launched campus-based bicycle sharing system in an educational
campus. These efforts show promise as alternatives to encourage Bangalore’s
citizens to use non-motorized modes of transport for shorter trips, and to reduce the
city’s environmental and ecological footprint.

The dynamics influencing land-use change resulting in urban sprawl and loss of
water bodies and vegetation can be explained by adapting a causal loop diagram
initially developed to explain the drivers of urban sprawl in Bangalore (Sudhira
2008). In Bangalore, master planning is the primary instrument that determines the
land-use policy. Specifically, in the course of master planning exercise, one of the
prominent measures to limit growth is by way of enforcing building height restrictions
formalised through the floor area ratio (FAR) and corresponding zoning regulations
tied to different land-use categories.

The analysis on land-use change resulting in urban sprawl suggests water dynamics
is a crucial balancing feedback that can limit the outgrowth. In the prevailing
scenario for Bangalore, wherein water is primarily sourced about 100 km away over
a gradient of about 100 m for about 1,000 MLD (million litres per day), there is also
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Fig. 7.3 Causal loop diagram for urban sprawl and resulting water dynamics (Prepared by and
published with kind permission of © H.S. Sudhira 2013. All Rights Reserved)

huge energy costs involved in pumping this to different parts of the city. The piped
water supply does not meet the demand for water, and many parts of the city depend
on ground water extracted from borewells and supplied through private tankers,
and over extraction of ground water, coupled with the shrinking of waterbodies and
conversion of many open areas to impervious urban surfaces have led to alarming
levels of depletion in the ground water table. This has a particularly severe impact
on poor settlements, whose inhabitants are unable to afford the high costs of priva-
tized water supply. With significant land-use changes in the recent past resulting in
loss of water bodies, primarily, prevalence of water bodies and availability of water
is going to be a crucial factor for the growth of the city. Accordingly, the key variables
identified were: population growth, economic activity, pressure for new housing and
industrial areas, land-use zoning, available land, availability of water, built-up area,
water bodies, level of services and building height restrictions. The corresponding
causal loop diagram is shown in Fig. 7.3.
The six feedbacks generated in this system were:

(1) Reinforcing feedbacks:

(a) Housing demands (R1)

(b) Industrial demands (R2)

(c) Relocation (R3) and

(d) Infrastructure provision (R4)

(i) Balancing feedback:

(a) Outgrowth of the city (B1)
(b) Water dynamics (B2)

The reinforcing feedbacks, R1 and R2, quite naturally for most cities, set the
demand for development of land into residential layouts/apartments or industrial
estates, respectively. As the city grows, there is congestion in central areas forcing
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residents to relocate in the outskirts. This is captured by the reinforcing feedback,
R3. The other reinforcing feedback, R4, for infrastructure provision suggests that
augmenting infrastructure in a congested area can be counter-productive. Indeed this
insight is well established by the classic Braess paradox (Braess 1968). This was
demonstrated by adding a link within the network to ease congestion, which would
be counter-intuitive in a congested road network. Reinforcing feedbacks often
generate exponential growth and then collapse. Systems that are self-regulating or
self-correcting have been provided with balancing loops. The balancing feedback,
B1, results in the outgrowth of the city through the process of land-use change
limited by the availability of land for development. The other balancing feedback,
B2, rise in demand for water and land-use change affects water bodies and will
be limited by availability of water. The other control variable as envisaged by the
land-use planning is land-use zoning and building height restrictions, which suggests
that it influences the extent of outgrowth and built-up areas negatively.

Bertaud and Brueckner (2005) have shown that in unrestrictive building height
conditions, the extent of the city spread is contained with higher densities in central
areas. Further, the BangaloreSim model (Sudhira 2008) that was primarily devel-
oped as a spatial planning support system was used to generate scenarios for 2025.
The model was used to generate forecasts of land cover for 2025 with higher FAR
and siting of growth poles at key economic activity centres. The simulations revealed
an increase of built-up areas (417 km?) amounting to 31.55 % of the land cover and
the water bodies declined to less than 3 km? with about 2.26 % of the land cover.
The simulations also suggest a trend towards an increase in high-density built-up
and decrease in low-density built-up areas. The increase in built-up areas with high
densities suggests more congestion in certain parts of the city. While this exercise
was useful in generating a scenario of urban land-use, there can be many more
scenarios generated by undertaking the simulations for different policy settings to
understand their respective consequences. However, as noted earlier, the reduction
of water bodies is of particular concern.

With the current trends of urban growth Bangalore is experiencing, the forecast
for 2025 gives pointers on possible implications despite several limitations in the
model, including limited policy levers for testing. However, on the one hand, the
increase in built-up areas and reduction of water bodies seem like a matter of
concern, on the other hand the increase of high density and decrease of low density
built-up (or sprawl) can be of some consolation.

7.5 Concluding Remarks

Further research is critically needed to understand how the larger climatic and
ecological context influences urban ecosystems and ecosystem services in Bangalore
(D’Souza 2011). In the context of increasing global warming, while the Indian
monsoon has remained relatively stable, an increasing frequency of extreme rain
events has been noted, ranging from floods to droughts (Goswami et al. 2006).
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The fragmentation of green spaces and of lake connectivity, coupled with extreme
rainfall events, is likely to result in an increase in the frequency of droughts as well
as flooding in urban areas. Vulnerable socio-economic settlements, in particular
slums, are likely to be especially affected by this double whammy of urbanization
and climate change (D’Souza 2011). Women and children in slums in particular
have to deal with the consequences of lack of access to clean water, lack of sanitation,
and consequences in the form of increased susceptibility to infectious diseases in
Bangalore. Adaptation measures, particularly those of ecosystem restoration and
rejuvenation, can help to mitigate some of these impacts, but unfortunately these
have been largely ignored by planners so far (Sudhira 2008). Recent studies have
indicated that greenery and plants play an extremely significant role in the lives of
slum residents in Bangalore, providing critical social, cultural, religious medicinal
and food related ecosystem services (Gopal 2011). Thus, city planning needs to take
into account the needs of vulnerable socio-economic populations, which are espe-
cially susceptible to the short term and long term impacts of urbanization including
loss of green spaces, microclimatic variations, air and water pollution, flooding,
lack of sanitation and epidemics (D’Souza 2011; Gopal 2011). Unfortunately, such
approaches are currently missing in Bangalore and community action has largely
been successful in engaging with city planners and administration only in wealthier
localities, sometimes resulting in the further exacerbation of existing inequities and
vulnerability (Ranganathan 2011; Sundaresan 2011).

Bangalore is known for its strong and active community networks. Thus a
number of individual citizens, resident associations, civil society networks, naturalist
groups, and citizen science and educational programs have also been influential in
promoting awareness of, and organization around issues related to biodiversity and
conservation in the city (Sudhira et al. 2007; Nagendra 2011). The environmental
activist group “Hasiru Usiru” (loosely translated as “Greenery is Life”) has been
very active in Bangalore since their formation in 2005, with activities ranging from
green awareness to protests against tree felling and urban governance. Social net-
works such as Hasiru Usiru have contributed substantially to keeping issues of
urban conservation in the forefront of public awareness in recent years, in addition
to initiating a number of Public Interest Litigations that have resulted in influential
court rulings on issues of tree felling (Sudhira et al. 2007; Enqvist 2012). The bird-
watching community in Bangalore, comprising mostly of amateurs with a few
experts, has been very active, meeting at least once every month for over two
decades, with an active email discussion group, “bngbirds”, hosted at yahoo.com (a
similar group exists on butterflies that also uses mailing lists and discussion groups to
communicate and organise). Since the past 5 years, there has also been an annual
Bird Race, with participants having cumulatively logged over 230 species of birds
in and around Bangalore in a single day, and helping to provide systematic data that
can eventually aid in long term assessment (available at http://birdrace.dhaatu.com/
bangalore). Other popular citizen science initiatives that have been primarily devel-
oped and housed in Bangalore, though applied at wider geographic scales, are the
‘Migrant Watch’ program (http://www.migrantwatch.in/), and the Citizen Sparrow
program, (http://citizensparrow.in/).
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As urbanization poses greater challenges, compounded by effects of urban primacy
on Bangalore, it remains to be seen how the city adapts and evolves in decades to come.
Eventually, the sustenance of the city will depend on how effectively it retains its natural
resources, particularly green spaces and water bodies. In this context, Bangalore’s
cultural character as a location of significant civic and collective action will play a very
important role in shaping urban environmental protection and conservation efforts,
with collaborations between citizens and government agencies playing an increasingly
critical role in placing pressure on, negotiating with and shaping government responses
to planning for ecosystem management and conservation (Sudhira 2008; Khandekar
2008; Nagendra 2010, 2011; Ranganathan 2011; Sundaresan 2011).
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Abstract This assessment explores the Japanese concepts of satoyama and satoumi
(land and coastal), as possible strategies for sustainable management and governance
of common urban ecological resources. Satoyama and satoumi are described as
landscape types, and management approaches to land and coastal areas that build
on a mosaic composition of ecosystem types and their inherent interlinkages.
The management practices and the rich biodiversity of the landscapes are thus
mutually interdependent. It is acknowledged in the assessment that local governments
play a critical role for the management of urban ecosystems and conservation of
biodiversity, which is especially important in the face of the unprecedented urban
growth currently ongoing globally. This assessment provides an overview of the
urbanization trends in Japan, with related challenges to ecosystem provisioning, and
the opportunities for sustainable management that a satoyama and satoumi approach
can present. Some international examples of ecosystem management that in different
ways can inspire transformation of governance structures in Japan to support urban
satoyama and satoumi are highlighted.

Key Findings

e Satoyama and satoumi landscapes are biodiversity-rich landscapes in
peri-urban to rural areas, and contain a mosaic of ecosystems sustained by
human management.

e Extensive rural-to-urban migration and expanding cities in Japan have
caused a decrease of use of the natural resources, resulting in a degradation
of the quality and quantity of satoumi and satoyama landscapes.

* Implementing satoyama and satoumi in urban areas can support cultural,
provisioning and regulating ecosystem services, thereby also well-being
for humans and ecosystems alike.

e Current urban green space planning policies do not sufficiently take the
satoyama and satoumi concepts into account, and have mostly focused on
national and regional levels, whereas support from both local governments
and communities is key for implementation and long-term management.

* Two elements are argued to support implementation and long-term manage-
ment of urban satoyama and satoumi: an increased involvement of local
communities in the policy-making and management of the urban green areas,
and incentives to make urban satoyama and satoumi financially profitable.
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8.1 Introduction

The values of urban ecosystems for human well-being are increasingly recognized
in research, although they may not always be recognized by the general public (see
for example Mougeot 2006; Vandruff et al. 1995; Bolund and Hunhammar 1999;
Berkowitz et al. 2003) (see also Chaps. 11 and 27). In Japan, the interdependence
between traditional activities and natural environments is the foundation of
Japanese culture. Following this, cultural services such as educational and social
services are increasingly appreciated by urban residents.

Satoyama (land) and satoumi (coastal) are Japanese concepts that refer to
long-standing management traditions based on the symbiotic interaction between
ecosystems and humans (Duraiappah et al. 2012). Satoyama and satoumi land-
scapes are defined as “a dynamic mosaic of managed socio-ecological systems
producing a bundle of ecosystem services for human well-being” (Saito and
Shibata 2012, p. 26).

The four primary characteristics of these landscapes are: (1) satoyama is a mosaic
of both terrestrial and aquatic ecosystems comprised of woodlands, plantation,
grasslands, farmlands, pasture, irrigation ponds and canals, with an emphasis on the
terrestrial ecosystems; (2) satoumi refers to aquatic ecosystems and is a mosaic of
both terrestrial and aquatic ecosystems comprised of seashores, rocky shores, tidal
flats, coral reefs, and seaweed/grass beds; (3) satoyama and satoumi landscapes are
managed with a mix of traditional knowledge and modern science; and (4) biodiver-
sity is a key element for the resilience and functioning of satoyama and satoumi
landscapes.

Satoyama and satoumi are primarily found in rural and peri-urban areas and
satoyama alone is estimated to cover 40 % of Japan’s total landmass, in some
prefectures reaching up to 58 % (Ministry of the Environment, Japan 2001). The
current trend is going towards degradation in quality and quantity of the landscapes:
satoyama primarily due to land usage change, i.e., conversion of farmland and
forests to built-up urban areas; and satoumi due to overfishing, pollution, and changes
to the physical environment caused by intentional development or unintentional
human activities of coastal areas, such as land reclamation, port constructions and
coastal embankments. However, transferring satoyama and satoumi to cities holds
the potential to maintain these landscape management approaches, while at the
same time provide effective ways to meet some of the challenges of the growing
cities. For example, ensuring food security and production of fresh water can be
particularly important in developing countries where urbanization rates are high.

The transition of satoyama and satoumi landscapes to urban areas is, however,
faced with some key obstacles: (1) a lack of awareness of the potential social and
ecological benefits of satoyama and satoumi; (2) a lack of legislative and policy
support to control the urban expansion, conserve satoyama and satoumi in the new
urban areas, and implement new such landscapes in the already built-up environment;
(3) alack of technological, human, and financial resources for implementation; and
(4) a lack of coordination across institutional levels (JSSA 2010a; Ministry of the
Environment, Japan 2012).


http://dx.doi.org/10.1007/978-94-007-7088-1_11
http://dx.doi.org/10.1007/978-94-007-7088-1_27

96 R. Kohsaka et al.

The next section provides an overview of urbanization and its effects on
biodiversity and ecosystem services in Japan, focusing on satoyama and satoumi
landscapes located in or nearby urban areas. The text will then explore some
approaches to biodiversity governance that manage the changes associated with
urbanization around the world, with the aim to assess possible ways to strengthen
implementation of an urban satoyama and satoumi approach.

8.2 Urbanization, Ecosystem Services and Biodiversity:
Scenarios and Trends in Japanese Cities

The intensive growth of industries during the rapid economic growth period from
the late 1950s to the early 1970s in Japan created employment opportunities, led to
population concentration, and ultimately urbanization. Particularly the economic
globalization of the last decades of the 1900s, created urban concentrations and
eventually metropolises on the Pacific coastal zone of Japan, such as Kobe, Osaka,
Nagoya, and Tokyo.

The rapidly expanding cities resulted in conversion of farmland to urban land,
first along the coastline, then into forests and in-land (Himiyama 2004). In the pro-
cess, people’s traditional ways of making their livelihoods significantly changed
(Okuro et al. 2012). In the rural areas, modernization and mechanization of agricul-
ture created monocultures, which decreased biodiversity (Okuro et al. 2012). At the
same time, forestry and fisheries collapsed due to the expanding cities and the
import of timber and seafood.

Together with the degradation of satoyama management practices, the capacity
of the ecosystems to provide crucial services such as nutrient cycling, food and
timber production, water retention, and water purification has decreased. In addition
to agricultural production, the change in satoyama also affected the ecosystem
composition and local culture. From the 1990s, an ageing rural population and
shrinking working population within agriculture, forestry and fisheries have both
become increasingly apparent nationwide.

At the same time, the changes in land cover from natural landscapes to built-up
areas also create challenges for the service providing ecosystems. The population
concentration in the Tokyo metropolitan area, which includes the neighboring
prefectures around Tokyo (i.e., Kanagawa, Saitama, and Chiba), consequently
forms the world’s largest city zone with over 30 million people. The Kanto region,
i.e., the Tokyo metropolitan area and its three neighboring prefectures: Gunma, Tochigi
and Ibaraki, has been exposed to the most rapid and extensive urban development
and population growth in Japan. When the urban population increase was the most
dramatic, i.e., in the 1960s until the 1980s, the forest cover in the region decreased
by 4.3 % (618 km?) (Saito 2004).

Japan is today facing several changes within cities as well as in the peri-urban
areas. Some of the largest cities are expected to decrease in population size, as the
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country’s overall population began to decline in 2005. It is predicted that the urban
populations will decrease rapidly and at the same time the mean age will increase,
especially in big cities (National Institute of Population and Social Security Research
2012). Securing a workforce to maintain the production of ecosystem services has
become difficult not only in rural satoyama but also in satoyama located in or close
to the metropolitan areas, (i.e., the cities and the neighboring prefectures).

However, overconcentration in the center of cities is expected to continue in
some metropolises like the Tokyo metropolitan area. At the same time, population
numbers in the peri-urban areas around the city centers have dwindled due to
depopulation and migration from the crowded city centers to peripheral areas.
As the population in the city centers decrease, the urban sprawl increases.

8.2.1 Changes and Feedbacks in Ecosystems

The decrease of land and marine resources management in Japan, has caused a
degradation of products provided by satoyama and satoumi such as timber, crops
and fish. This, in turn, has caused degradation of other types of ecosystem services
including supporting, regulating, and cultural services (Duraiappah et al. 2012).

The changes in ecosystem services provisioning in areas outside and around
metropolitan areas can come to increase the effects of other expected changes, as they
reduce the natural disaster buffer capacities. Climate changes are expected to
increase the risks of extreme weather phenomena and related disasters in Japan, and
the metropolitan areas like Tokyo and Osaka are expected to experience the biggest
changes. Heat island effects are already advancing, and extreme weather phenomena
such as guerrilla downpours and intense heat, occur frequently.

As the quality of the rural land decreases, so does the biodiversity, and thereby
also the resource base that supports the cities with bundles of ecosystem services.
These changes have already led to increased frequencies of floods and threats to the
availability of indispensable high-quality fresh water of upstream regions.

Satoyama landscapes in peri-urban areas have been faced with new challenges
including fragmentation of landscapes, loss of mosaic land use, increase of alien
species like Solidago altissima and common raccoon (Procyon lotor), and loss of
traditional knowledge to manage the landscape. The loss of traditional knowledge is
particularly significant. In a study by Shimada et al. (2008), four past and present
management models of typical secondary woodlands in satoyama near Tokyo were
identified: traditional management, non-traditional management, ad hoc manage-
ment, and no management. They found that traditional management maintained
relatively higher species richness with little variation between surveyed plots,
compared to non-traditional management models.

Japan, as with many countries around the world, imports a substantial proportion
of its consumed resources. This pattern of reliance on resources from around
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the world, to a large extent driven by demands by urban dwellers, has strongly
contributed to degradation of ecosystem services in rural areas globally, such as soil
loss, ground drainage, reduced amounts of carbon storage because of deforestation,
and global biodiversity loss. The role of urban areas as strong contributors to global
environmental problems needs to be acknowledged. It is, however, also crucial to
acknowledge and realize the potential of cities to act as areas for adaptation and
mitigation strategies and as hubs for innovations (Chap. 33).

8.3 Governance and Institutions

Although policies and ordinances to conserve and maintain urban green spaces
for multiple ecosystem services, such as food security, local climate regulation,
and biodiversity conservation exist, they are not necessarily associated with the
concept of satoyama and satoumi. This part of the assessment intends to address this
gap and use existing examples from other countries to facilitate the discussion of
how good governance of satoyama and satoumi at a local or city level in Japan
may be designed.

An assessment aimed to provide policy-makers with scientifically credible infor-
mation on the values of ecosystem services provided by satoyama and satoumi for
economic and human development, the Japan Satoyama Satoumi Assessment
(JSSA), was initiated in Japan in 2006. The final report was published in 2012
(Duraiappah et al. 2012). The JSSA primarily focused on Japan on a national and
regional scale, but also included a local urban and peri-urban scale. In addition to
discussing changes in ecosystem services, the JSSA also covered institutional
mechanisms, socio-economic challenges, public participation, and associated
appraisal of biodiversity governance.

The JSSA shows how satoyama and satoumi emphasize sustainable use of
ecosystems in order to support the provisioning of ecosystem services for human
well-being. However, in practice, the general ecosystem management and gover-
nance discussions have thus far mostly focused on regional and local levels, whereas
the discussions on satoyama and satoumi in the JSSA focused on national and
subnational levels. There is thus a need to develop strategies that address local
management and governance of urban satoyama and satoumi in Japan.

Based on the findings in the JSSA, four aspects that may facilitate the develop-
ment of local governance in support of urban satoyama and satoumi are discussed:
(1) effectiveness of biodiversity policy; (2) coordination between development and
biodiversity and ecosystem services conservation; (3) available financial mechanisms
to support long term implementation; and (4) capability to build up partnerships and
encourage participation. Furthering the discussion on strategies that may improve
the dynamic balance between societies and ecosystems in cities, this assessment
draws upon examples from Nagoya, Japan; eThekwini/Durban, South Africa; and
the UK (Europe).
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8.3.1 Strategies for Effective Biodiversity
Conservation Policies

Biodiversity conservation is a national goal in Japan as clearly defined in the
Japanese National Biodiversity Strategies and Action Plan (NBSAP) (the Fifth
Edition has been recently launched on September 2012). The Japanese NBSAP has
explicitly taken satoyama and satoumi and urban green spaces into account but
separately of each other. However, satoyama and satoumi landscapes, whether rural
or urban, are thereby still treated as separate from urban nature and lack conceptual
alignment in policies. For example, the mosaic characteristics of forests and agri-
cultural lands make it difficult to categorize the satoyama into one category of land
classification. Local ordinances have been proposed by prefectures and cities in
Japan to promote conservation, regeneration and utilization of satoyama since 2000
(Takahashi et al. 2012). However, regulations and policies at a local level tend to
favor economic growth and development before protection of existing urban
satoyama and satoumi. In this context, the loss of natural and semi-natural areas,
which are the basis of satoyama and satoumi, is inevitable without effective legal or
non-legal binding instruments aimed at protection of the natural landscapes.

Following a segmented governance structure, national policies and laws in Japan
are largely separated from the local governance and thus provide little support for
satoumi and satoyama, although it is recognized in the national guidelines that an
integrated approach is needed for managing such a system in a sustainable manner
(Takahashi et al. 2012). Legal responses have been respectively developed to address
the need of sustaining satoyama and satoumi landscape at national levels. The con-
servation of satoyama in Japan is promoted under the newly established Act on the
Promotion of Conservation for Biodiversity Activities through the Cooperation
among Regional Diversified Actors (enforced in 2011). However, the development of
specific legal strategies for conservation of satoumi and by that marine biodiversity,
is still only in the early stages. Management of coastal areas is marked by a highly
complex web of a wide range of stakeholders from fisheries, construction, nature
conservation, and recreation sectors, among others.

An international and seemingly promising method is the Strategic Environmental
Assessment (SEA), which since 2004 is mandatory under the SEA Directive for the
member states of the European Union to conduct in selected plans and programs.
SEA originates from the National Environmental Policy Act (NEPA) of the USA in
1970, and has since mostly been developed and implemented in European and
North American countries (Dalal-Clayton and Sadler 2005). SEA is designed to
evaluate the possible accumulative environmental consequences of proposed
policies and plans, and thus ensure already in the early stages of decision making
that biodiversity support is considered (ICLEI 2010). Although SEA systems vary
considerably between countries or even cases, the concept has rapidly evolved and
been applied to public plans and programs, such as land use, transport, energy,
waste and agriculture, to support sustainable development.
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In the past decades, the concept of SEA has been introduced in several East
Asian countries, including China, South Korea, Taiwan, and Japan. As in many East
Asian countries, the applications in Japan remain limited, but some SEA compo-
nents have already been implemented as local governments use the SEA to screen
environment-related plans and programmes (Dalal-Clayton and Sadler 2005). SEA
can provide an opportunity to include satoyama and satoumi approaches into deve-
lopment processes, if the SEA system would be further developed and adapted to a
Japanese social-ecological context. For example, the importance of using traditional
knowledge for environmental management, as well as the interaction between
human maintenance activities and their consequent ecosystem functioning will have
to be highlighted and valued in the SEA.

8.3.2 Development That Supports Biodiversity
and Ecosystem Services Conservation

Laws, regulations, and policies proposed for green space conservation and the
sustainable use of natural resources have shown to some extent to contribute to
the maintenance of satoyama and satoumi landscapes (Takahashi et al. 2012).
However, implementation and long-term management of satoyama and satoumi in
and around cities is complicated by the increasing competition for land in Japan.
One of the key challenges to make satoyama and satoumi an integral part of the
urban landscape is thus to find strategies that can balance land-use for financial
prosperity, with the implementation and conservation of satoyama and satoumi.
Another key challenge is to design plans and strategies of which satoyama and
satoumi are integral parts.

Although plans and strategies that aimed to include biodiversity and ecosystem
services in urban development have been designed, for example a Master Plan for
Greenery, their relation to urban satoyama and satoumi is not specified. Their full
potential to support satoyama and satoumi is thus still to be realized.

One way to meet the limitations of current plans may be to design more compre-
hensive development plans that systematically coordinate biodiversity protection
and development initiatives. Taking the UK’s planning system as an example, the
Biodiversity Supplementary Planning Documents (BSPDs) are developed in con-
junction with local development documents. A BSPD provides explicit guidance to
actors such as developers, households and planners on protecting, creating and
improving biodiversity during the development process (SCDC 2012). Another
systematic planning approach that facilitates biodiversity and development coordi-
nation is the South African Integrated Development Plans (IDPs) which are manda-
tory for all local authorities in South Africa to prepare and continue over 5 years. By
aiming to coordinate the work between different sectors, such as housing, environ-
ments and transportation, the IDPs can provide a cross-sectoral planning mecha-
nism that integrates development with conservation of biodiversity and ecosystem
services (eThekwini Municipality 2007). These planning systems take biodiversity
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and ecosystem services into account at the early stage of local development and
stand better chances to influence and to be compatible with other sectoral plans.

The BSPDs and the IDPs represent two top-down planning measures that might
facilitate the integration of satoyama and satoumi proposition throughout existing
development frameworks and influence sectoral plans. However, both of these
measures are relatively new and it is too early to conclude which measure is more
applicable in the Japanese context. More studies to address the characteristics of
Japanese planning and institutional systems are needed.

In an interesting bottom-up development, on the other hand, a revival movement
of satoyama landscapes since the late 1980s, has increasingly drawn public atten-
tion and interest to nature conservation and protection. This movement has been
especially active in municipalities containing urban satoyama and satoumi, with
several tens of thousands municipal inhabitants, located within approximately
50 km from urban centers (Saito 2005). The activities focus mostly on the values of
cultural services such as education and recreation. This hints to that supporting
cross-scale planning mechanisms where urban inhabitants are involved in planning
and management, can promote urban satoyama and satoumi on several levels.

8.3.3 Available Financial Mechanisms
to Support Long-Term Implementation

International initiatives to give ecosystem services monetary values have for example
estimated the urban plantations in Canberra, Australia, at a combined energy
reduction, pollution mitigation and carbon sequestration value of US$20-67 million
during the period 2008-2012 (Brack 2002). If satoyama and satoumi can credibly
be given a monetary value, this can be an incentive to support the conservation of
satoyama and satoumi landscapes in Japan (e.g., TEEB 2011).

Several economic interventions have already been proposed by Japanese local
governments to mitigate or reverse the decline in satoyama and satoumi. The inter-
ventions include taxation of illegal industrial waste dumping, encouragement of the
use of biomass energy from thinning woods of satoyama, and direct payments for
stewardship, i.e. management aimed to maintain and conserve the rural natural
resources. The implementation of the incentives has, however, been limited due to
the decreasing production value from agricultural, forestry and fishery activities
(Takahashi et al. 2012).

Voluntary involvement plays an increasingly large role for maintenance of
satoyama and satoumi, such as payment for ecosystem services, stewardship sharing
with citizens, and certification systems for products (Takahashi et al. 2012). A case
in point is the Greenification Certificate System initiated in Nagoya, Japan in 2008
(cf. Kohsaka 2010). Under the overall framework of the System of Greening Areas,
the Greenification Certificate System serves as a voluntary tool by which private
landowners receive lower interest rates on loans from local banks, while conserving
or creating green spaces when they develop their land. This experimental tool is
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expected to encourage more green spaces, including trees, green facades and green
roofs, in private owned properties and might be useful for enhancing biodiversity in
densely urbanized cities.

8.3.4 Capacities to Build Partnerships
and Encourage Participation

As human activities play a vital role in the management of satoyama and satoumi,
participation from citizens, local non-profit organisations (NPOs) and non-
governmental organisations (NGOs) should be acknowledged by decision makers
and in planning as a key component for achieving sustainable management of urban
satoyama and satoumi. Involving a wide range of partners, such as government
agencies, academia, conservation groups, local businesses, amateur naturalists and
private corporations, can play a key role in defining priorities in satoyama and
satoumi management and sustain it over time.

One international example of a successful public-private partnership that may
serve as inspiration for cities in Japan, is the Buffelsdraai Community Reforestation
Projectin South Africa. The eThekwini municipality and the Wildlands Conservation
Trust together engage local communities to create tree nurseries at their homes and
provide tree seedlings for reforestation. By selling seedlings, participants receive
credit notes to exchange of food, basic goods and school fees at regular tree stores
in participating communities (eThekwini Municipality 2012).

In Japan, Kawasaki City developed a Conservation Management Plan to engage
citizens in stewardship activities of designated conservation areas and to reduce the
conservation burden in terms of labor and expenditure on landowners. The city also
builds a partnership with universities to encourage research on urban ecosystem
conservation areas and to open up a dialogue between academics, policy-makers
and managers. The capacity to build such cross-level and cross-sectoral partner-
ships where local inhabitants actively participate in the management of the urban
green areas can prove to be critical in terms of creating and sustaining urban
satoyama and satoumi (Chap. 27).

8.4 Concluding Remarks

Although satoyama and satoumi are Japanese terms, these landscapes of mosaic
ecosystems where human-nature interaction is central are not unique to Japan.
Such landscapes are found throughout many regions of the world, though the
terminology and managerial philosophy might vary from one area to the other
(Duraiappah et al. 2012).

This text has assessed satoyama and satoumi landscapes as possible strategies to
support and urban development that builds on conservation of urban ecosystems.
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The concepts originally referred to specific landscape types as well as management
structures on a regional scale in Japan. As cities are expanding on traditional
satoyama and satoumi landscapes, however, the concepts increasingly refer to
existing or planned areas in or around cities.

Management of satoyama and satoumi has traditionally built on involvement by
entire communities. Translated to urban areas, satoyama and satoumi may thus
provide support for inclusive, multi-level management structures as well as
management of landscapes. Including the local inhabitants and their ecological
knowledge can be a means of supporting and maximizing the ecosystem function-
ing, as well as ensuring long-term management.

However, several factors challenge both conservation of existing satoyama and
satoumi areas and successful implementation of urban satoyama and satoumi land-
scapes. These challenges include weak legislation where the existing regulations
give insufficient support for ecosystem conservation in general, and in addition lacks
integration of satoyama and satoumi aspects. The increasingly stiff competition for
land in Japanese cities, and even more so in cities in the most rapidly urbanizing
countries in the world, pushes land prices up and challenges green area conservation.
Finally, climate changes affect the prerequisites for native species to exist, and their
inherent balance, thus also affecting entire ecosystems. To highlight possible ways
to meet the challenges, the assessment has shown through international examples
that entail satoyama and satoumi elements, where local initiatives have contributed
to successful ecosystem management.

Although many green initiatives exist in cities such as Yokohama (JSSA 2010b;
Sadohara et al. 2011), Nagoya (Nagoya City 2010) and Kanazawa (Ishikawa
Prefecture 2011; UNU-IAS 2011), in the long term these obstacles require changes at
multiple levels, from governments to societies. Local governments will play a critical
role in initiating appropriate changes to favor biodiversity and ecosystem health in
the course of urban development. Therefore, a proactive assessment framework
that directs local governments to address problems and to monitor performance is
needed for further development.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.

References

Berkowitz, A. R., Nilon, C. H., & Hollweg, K. S. (Eds.). (2003). Understanding urban ecosystems:
A new frontier for science and education. New York: Springer.

Bolund, P., & Hunhammar, S. (1999). Ecosystem services in urban areas. Ecological Economics,
29,293-301.

Brack, C. L. (2002). Pollution mitigation and carbon sequestration by an urban forest. Environmental
Pollution, 16, 195-200.

Dalal-Clayton, B., & Sadler, B. (2005). Strategic environmental assessment: A sourcebook and
reference guide to international experience. London: Earthscan.



104 R. Kohsaka et al.

Duraiappah, A. K., Nakamura, K., Takeuchi, K., Watanabe, M., & Nishi, M. (Ed.). (2012).
Satoyama-Satoumi ecosystems and human well-being: Socio-ecological production land-
scapes of Japan. Tokyo: United Nations Press, 480 pp.

eThekwini Municipality. (2007). LAB biodiversity report. Durban: EThekwini Municipality.

eThekwini Municipality. (2012). Buffelsdraai community reforestation project. Available online at
http://www.durban.gov.za/City_Services/development_planning_management/environmen-
tal_planning_climate_protection/Projects/Pages/Buffelsdraai-Community-Reforestation-
Project.aspx. Accessed 18 May 2012

Himiyama, Y. (2004). The trend, mechanism and impact of urban expansion in Japan. Reports of
the Taisetsuzan Institute of Science (Hokkaido University of Education), 38, 53—60.

ICLEI - Local Governments for Sustainability. (2010). Local action for biodiversity guidebook:
Biodiversity management for local Governments (M. T. Loaros & F. E. Jones, Eds.).

Ishikawa Prefecture. (2011). Ishikawa biodiversity strategy vision (Written in Japanese).

Japan Satoyama Satoumi Assessment (JSSA). (2010a). Satoyama-Satoumi ecosystems and human
well-being: Socio-ecological production landscapes of Japan — Summary for decision makers.
Tokyo: United Nations University.

Japan Satoyama Satoumi Assessment (JSSA). (2010b). Satoyama and Satoumi: Socio-ecological
production landscapes in Japan — Experiences and lessons from Kanto-chubu cluster—Kanto-
chubu Cluster. Tokyo: United Nations University.

Kohsaka, R. (2010). Economics and the convention on biodiversity: Financial incentives for
encouraging biodiversity in Nagoya. In N. Muller, P. Werner, Urban, & G. Kelcey (Eds.),
Biodiversity and design (pp. 593-607). West Sussex: Wiley-Blackwell.

Ministry of the Environment, Japan. (2001). Study on Satochi-satoyama in Japan: Interim report.
Tokyo: Ministry of the Environment, Japan (Written in Japanese). Available at: http://www.
env.go.jp/nature/satoyama/chukan.html

Ministry of the Environment, Japan. (2012). The National biodiversity strategy of Japan 2012—
2020: Living in harmony with nature. Tokyo.

Mougeot, L. J. A. (2006). Growing better cities: Urban agriculture for sustainable development.
International Development Research Center (IDRC), Ottawa.

Nagoya City. (2010). Biodiversity 2050 Nagoya strategy (Written in Japanese).

National Institute of Population and Social Security Research. (2012). Population projections for
Japan (January 2012): 2011 to 2060. Available online at http://www.ipss.go.jp/site-ad/index_
english/esuikei/gh2401e.asp. Accessed 7 Feb 2013.

Okuro, T., Yumoto, T., Matsuda, H., & Hayashi, N. (2012). What are the key drivers of change and
current status of satoyama and satoumi? In A. K. Duraiappah, K. Nakamura, K. Takeuchi, M.
Watanabe, & M. Nishi (Eds.), Satoyama-Satoumi ecosystems and human well-being: Socio-
ecological production landscapes of Japan (pp. 60—124). Tokyo: United Nations Press.

Sadohara, S., Koike, F., Kada, R., & Sato, Y. (2011). SATOYAMA revitalization — Challenges of
Yokohama City and Kanagawa Prefecture, Japan-, Soshinsha (written in Japanese).

Saito, O. (2004). Quantitative and special changes in woodland vegetation for the last 40 years in
the Kanto region, Japan. Theory and Applications of GIS, 12(2), 146—154 (In Japanese with
English abstract).

Saito, O. (2005). Characteristics of Satoyama interactive activities. In Nature Conservation Society
of Japan (Ed.), Satoyama nature from the ecological perspective and the protection (pp. 195-201).
Tokyo: Kohdansha.

Saito, O., & Shibata, H. (2012). Satoyama and Satoumi, and ecosystem services: A conceptual
framework. In A. K. Duraiappah, K. Nakamura, K. Takeuchi, M. Watanabe, & M. Nishi (Eds.),
Satoyama-Satoumi ecosystems and human well-being: Socio-ecological production landscapes
of Japan (pp. 17-59). Tokyo: United Nations Press.

Shimada, K., Katsuki, T., Iwamoto, K., & Saito, O. (2008). Management effects on the community
structure and species richness of secondary Quercus serrata -Q.acutissima woodland in the
southwest Tama area, Tokyo, Japan. Vegetation Science, 25, 1-12 (In Japanese with English
abstract).


http://www.durban.gov.za/City_Services/development_planning_management/environmental_planning_climate_protection/Projects/Pages/Buffelsdraai-Community-Reforestation-Project.aspx
http://www.durban.gov.za/City_Services/development_planning_management/environmental_planning_climate_protection/Projects/Pages/Buffelsdraai-Community-Reforestation-Project.aspx
http://www.durban.gov.za/City_Services/development_planning_management/environmental_planning_climate_protection/Projects/Pages/Buffelsdraai-Community-Reforestation-Project.aspx
http://www.env.go.jp/nature/satoyama/chukan.html
http://www.env.go.jp/nature/satoyama/chukan.html
http://www.ipss.go.jp/site-ad/index_english/esuikei/gh2401e.asp
http://www.ipss.go.jp/site-ad/index_english/esuikei/gh2401e.asp

8 Local Assessment of Tokyo: Satoyama and Satoumi — Traditional Landscapes... 105

South Cambridgeshire District Council. (2012). Biodiversity SPD. Available online at http://www.
scambs.gov.uk/content/biodiversity-spd. Accessed 2 Sep 2013.

Takahashi, T., Isozaki, H., Oikawa, H., Oyama, K., & Kunimitsu, Y. (2012). What and how effective
have the main responses to address changes in satoyama and satoumi been? In A. K. Duraiappah,
K. Nakamura, K. Takeuchi, M. Watanabe, & M. Nishi (Eds.), Satoyama-Satoumi ecosystems
and human well-being: Socio-ecological production landscapes of Japan (pp. 155-188).
Tokyo: United Nations Press.

The Economics of Ecosystems and Biodiversity (TEEB). (2011). TEEB manual for cities:
Ecosystem services in urban management. London: Earthscan.

United Nations University Institute for Advanced Study (UNU-IAS). (2011). Biodiversity in
Kanazawa (69pp.). Tokyo: UNU.

Vandruff, L. W., Leedy, D. L., & Stearns, F. W. (1995). Urban wildlife and human well-being.
In H. Sukopp, M. Numata, & A. Huber (Eds.), Urban ecology as the basis for urban planning
(pp. 203-211). Amsterdam: SPB Academic publishing.


http://www.scambs.gov.uk/content/biodiversity-spd
http://www.scambs.gov.uk/content/biodiversity-spd

Chapter 9

Local Assessment of Shanghai: Effects
of Urbanization on the Diversity

of Macrobenthic Invertebrates

Wenliang Liu, Xiaohua Chen, and Qiang Wang

W. Liu (><) * Q. Wang

Shanghai Key Lab for Urban Ecological Processes and Eco-Restoration,
College of Resources and Environmental Science,

East China Normal University, Shanghai 200062, China

e-mail: wlliu@sklec.ecnu.edu.cn

X. Chen
Shanghai Academy of Environmental Sciences, Shanghai 200203, China

T. Elmqvist et al. (eds.), Urbanization, Biodiversity and Ecosystem Services: Challenges
and Opportunities: A Global Assessment, DOI 10.1007/978-94-007-7088-1_9,
© The Authors 2013

107



108 W. Liu et al.

Abstract Shanghai is the largest industrial and commercial city in China. It is a
coastal metropolitan city located on- and surrounded by several types of natural and
constructed wetlands. The rapid growth of the city over the past three decades
and rapid economic development have caused a number of ecological problems.
Macrobenthic invertebrates play an vital role for the wetland ecosystem structure
and function in Shanghai. As macrobenthic invertebrates quickly respond to water
and habitat quality, they can be key indicators of the state of the wetland ecosystems.
However, tidal flat reclamation, alien plant spread, and sewage discharge pollution
caused by the growth of the city and the urban population, have changed their
habitats and affected their capacities to produce ecosystem services. This assessment
discusses the effects of urbanization on macrobenthic invertebrates in Shanghai and
measures that may contribute to their conservation. The results show that the growing
city has changed the species composition and abundance. They also show that
ecological restoration can yield positive results for the macrobenthic invertebrate
populations, but is a long process that needs the support of well-designed policies.

Keywords Shanghai ¢ Urbanization ¢ Biodiversity * Macrobenthic invertebrates

Key Findings

* Shanghai rests on tidal flats and is surrounded by natural and constructed
wetlands

* Macrobenthic invertebrates living in the wetlands produce crucial
ecosystem services and are important as indicators of the state of the
aquatic ecosystems

» The expansion of the city, primarily since the 1970s, has changed the macro-
benthic invertebrates’ species composition and decreased the population
abundance

* Ecological restoration is one means to support re-introduction of the macro-
benthic invertebrates, but is a long-term process

* Supporting mechanisms need specially designed policies, which today are
lacking

9.1 Introduction

Shanghai is a coastal metropolitan city, and the largest industrial and commercial
city in China. Natural and constructed wetlands account for 23.5 % of the city’s
total area (Gao and Zhao 2006). The wetland ecosystems support a diverse array of
macrobenthic invertebrates which are important as commercial resources, and as
providers of ecosystem services such as water purification, by recycling nutrients,
detoxifying pollutants, and dispersion (Gray 1997; Snelgrove 1997).
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Shanghai has experienced rapid urbanization over the past three decades, accom-
panied by rapid acceleration of economic development. The growth of the city has
caused a number of ecological problems, including the degradation of air and water
quality, alteration of the local climate, a decline in native plant species, and an
increase in the numbers of alien plant species (Zhao et al. 2006). Furthermore, tidal
flat reclamation by the expanding city, and sewage discharges have led to further
degradation of the aquatic natural habitats. This assessment explores the effects of
urbanization on biodiversity in Shanghai, focusing on macrobenthic invertebrates,
and discusses measures that may contribute to their conservation.

9.2 Shanghai’s Demography, Economy, and Geography

Shanghai is a coastal city resting on the estuary of the Yangtze River. It borders the
East China Sea in the east, the Yangtze Estuary in the north, Hangzhou Bay in the
south and the Jiangsu and Zhejiang Provinces in the west (Fig. 9.1).

Shanghai is the largest industrial and commercial city in China, with its municipal
jurisdiction encompassing 17 districts and one county (Chongming Country, including
three islands: Chongming, Changxing, and Hengsha Islands). The jurisdiction covers
an area of 6,340 km?, including 6,219 km? of land and 121 km? of water. Shanghai
sits on the alluvial plain known as the Changjiang River Delta, whose foundation
was formed in the late Mesozoic Era about 70 million years ago. The Changjiang
River deposits large amounts of silt in its estuary, which over time accumulated over
6,000-7,000 years ago to form a growing sand bank. During the Tang Dynasty
(618-907) most of the land area that modern-day Shanghai city covers today became
dry land. During the Ming Dynasty (1368—1661), land emerged on the eastern bank
of the Huangpu River with a coastline that still today remains largely intact. The
Changjiang River Estuary in the north has three islands: Chongming, Changxing,
and Hengsha. The 1,267 km? Chongming Island is the third largest island in China
and the largest alluvial island in the world. In 1996, a fourth island called Jiuduansha
began to form in the estuary (Han et al. 2010).

With the rapid expansion of the city, the urban land area increased exponentially
from 159.1 km? in 1975 to 1,179.3 km? in 2005 (Fig. 9.2). The slowest annual rate
of urban area expansion, 17.7 km?, occurred between 1975 and 1981; the rate then
increased to 52.4 km? between 1990 and 1995; and again to 54.9 km? between 2000
and 2005 (Zhao et al. 2006). This is consistent with the changes in China’s economic
policies, since the country began its economic reform in 1978 and accelerated the
process in 1992 (Lin 2002).

According to the statistical yearbook of Shanghai in 2011 and 2012, the permanent
resident population of Shanghai has reached about 23.71 million. In recent years, the
migrant population, i.e. people who come to the city to work but are not registered as
Shanghai residents, has grown steadily in peri-urban and suburban areas. In the five
districts of Minhang, Jiading, Songjiang, Qingpu and Fenxian, the migrant popula-
tion has exceeded the registered population. The permanent resident population,
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Fig. 9.1 The city of
Shanghai and its main
districts. The three
demarcated areas are from
the center and out: Shanghai
Proper (red), Suburban
Shanghai (yellow), and Rural
Shanghai (purple) (Source
data from Han et al. 2010.
Prepared by and published
with kind permission from
©Wenliang Liu 2013)
(Color figure online)
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Fig. 9.2 Growth of Shanghai
from 159.1 km? in 1975 to
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i.e., the registered population and the permanent migrant population, is expected to
increase in the near future, following an expected increase in the number of
newborns. For example, in the first three quarters of 2012 the number of newborns
among permanent residents was 160,000; this represents an increase by 13,000
compared with the same period the year before.

Shanghai was the largest and most prosperous city in the Far East during the
1930s, and beginning in the 1990s, development surged. The city’s per capita
GDP (Gross Domestic Product) exceeded US$1,000 for the first time in 1990.
It rose to US$2,000 in 1995 and surged above the US$10,000 mark in 2008.
In 2010, it leveled at US$11,809, which roughly equaled the GDP of a medium-
developed country (Information Office of Shanghai Municipality and Shanghai
Statistical Bureau 2011).

Situated in the subtropical zone and the East Asian monsoon belt, Shanghai has
a mild and moist climate and experiences four distinct seasons. It has an average
annual temperature of 16 °C, a yearly rainfall of 1,164.5 mm and a frost-free period
of 222-235 day per year (Han et al. 2010). The rapid urbanization can increase
temperatures considerably in the city and adjacent areas (Zhou et al. 2004). A cor-
relation analysis of the relationship between the differences in mean temperatures in
urban versus rural areas, has shown that the differences in temperature between
urban and rural areas has increased substantially. Furthermore, the increase has
been faster for the monthly mean maximum temperature than for the monthly mean
minimum temperature (Zhao et al. 2006).

9.3 Biodiversity of Macrobenthic Invertebrates in Shanghai

Macrobenthic invertebrates are organisms that live on the bottom substrates of aquatic
habitats and are larger than 1 mm (Shen and Shi 2003), or 0.5 mm (Liu 2000), depen-
ding on the classification scheme used. The organisms include sponges, nemerteans
(ribbon worm), annelids (earthworm, bristle worm and leech), mollusks, cnidarians
(sea anemone, coral and sea pen), echinoderms (starfish, sea urchin, and sea cucumber),
ascidians (sea squirts), and arthropods (crustaceans, insects) among others.

Macrobenthic invertebrates produce a wide range of valuable ecosystem services.
In freshwater ecosystems, they can be good indicators of water quality (Weigel
et al. 2002; Cristina et al. 2009; Simone and Rui 2010). Furthermore, they can
improve water quality, sustain commercial fisheries, and they support general
ecosystem functioning that can provide people with leisure and recreational oppor-
tunities and inspiration for artistic expression (Shen and Shi 2003). Biodiversity and
distribution of macrobenthic invertebrates are influenced by water temperature,
salinity, primary productivity by plants, depth, sediment type, and physical distur-
bance (Coles and McCain 1990). Changes in macrobenthic community biodiversity
and relative spatial distribution can influence primary (productivity of autotrophs such
as plants) and secondary production (productivity of heterotrophs such as animals)
(An 2010).
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Fig. 9.3 Network of the
Yangtze Estuary (Reproduced
from Wang and Ding. 2012.
Published with kind
permission of ©Coastal
Engineering Proceedings
2012, under the Creative
Commons license:
http://creativecommons.org/
licenses/by/3.0/)

9.3.1 Macrobenthic Invertebrates of Yangtze
Estuarine Tidal Flat Wetlands

There are about 2,699 km? of tidal flat wetlands in the Yangtze Estuary (Yun 2004)
that provide good habitat for macrobenthic invertebrates. The channels in the
Yangtze Estuary have an ordered-branching structure (Fig. 9.3): the estuary is first
divided by the Chongming Island into the North Branch and the South Branch. Then
the South Branch is divided into the North Channel and South Channel by the
Changxing Island and the Hengsha Island. The South Channel is again divided into
the North Passage and the South Passage by the Jiuduansha Shoal, which is now
developing into an island (Wang and Ding 2012).

Macrobenthic invertebrates in the Yangtze Estuary are abundant; in 2004, their
total biomass was about 5.29-6.73 x 10* t (wet weight) (Tong 2004). A total of 126
species of macrobenthic invertebrates belonging to 101 genera, 71 families, 22
orders, 8 classes and 5 phylum were recorded in the Yangtze estuarine wetlands
(Liu and He 2007). Crustacea (shrimps, crabs, etc.) and mollusca (snails and
mussels) were dominant, accounting for 58 and 29 % of the species collected,
respectively (Fig. 9.4).

Many of the species are used as food and have high value, such as mitten crab
(Eriocheir sinensis), marine shrimp (Exopalamon carincauda), and mud snail
(Bullacta exarata), etc. (Fig. 9.4). The total value of important economic species
was about US$3,155 per ha per year, and the highest one of them was Eriocheir
sinensis, which could provide about US$1,412 per ha per year (Zhu 2004).
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Fig. 9.4 The main commercial benthic productions in the Yangtze Estuary (Photographs by
©Wenliang Liu 2012, and published with his kind permission)
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Table 9.1 Species composition and occurrence frequency of macrobenthic invertebrates of rivers
in Shanghai

Taxonomy Urban area Suburban area  Outer suburban area  Frequency (%)
Annelida

Limnodrilus hoffmeisteri ~ +++ ++ ++ 50.6
Branchiura sowerbyi ++ + + 18.1
Rhyacodrilus sinicus ++ + + 25.3
Hirudo nipponia ++ + + 10.8
Neanthes japonica - + ++ 12.0
Nephtys galbra - - + 1.2
Mollusca

Bellamya purificata + ++ +++ 34.9
Bellamya quadrata + - - 1.2
Bellamya angularis - + - 1.2
Bellamya aeruginosa - - + 44
Parafossarula eximius - - + 1.2
Semisulcospira cancellata — - + 1.2
Corbicula fluminea - ++ + 14.5
Corbicula largillierti - - + 1.2
Limnoperna lacustris + ++ + 9.6
Anodonta woodiana - - + 24
Arthropoda

Chironomidae larvae + + + 15.7
Grandidierella sp. - - + 6.0
Sinocorophium sp. - - + 1.2
Cyathura sp. - - + 24

9.3.2 Macrobenthic Invertebrates of Rivers in Shanghai

Shanghai proper is bisected by the Huangpu River, a tributary of the Yangtze, and
there are many rivers, canals and streams in the city. Macrobenthic invertebrate
assemblages in rivers were investigated at 83 sites in the Shanghai metropolitan area
in 2012. A total of 20 species were recorded, including 4 species of annelids
(earthworms, bristle worms and leeches), 10 molluscs (snails and mussels), and
6 arthropods (crustaceans, insects) (Table 9.1).

The study showed on a strong correlation between the water quality and the
species composition of the macrobenthic fauna. In the central urban area, the levels
of organic pollution in the water were higher than in the peri-urban to rural areas,
and the levels of dissolved oxygen were lower. The number of macrobenthic inver-
tebrates species was shown to be relatively low as in total 11 species were collected,
but the mean density high, at 8,776.3 ind./m? The majority of the species in the
central urban area were characterized by high pollution tolerance. In suburban and
outer suburban areas, the species diversity was found to be higher, at 15 collected
species, but the density lower, at 690.3 ind./m?. High population densities of pollu-
tion tolerant macrobenthic species (oligochaetes) were found in the west and north
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areas of the larger rivers, but in the relatively less polluted east and south areas of
the larger rivers, the population densities were low. Pollution sensitive macrobenthic
species including the mollusks and arthropods dominated in the suburbs and rural
areas, where the organic pollution levels were lower, and dissolved oxygen levels
were higher (Chen et al. 2013).

9.4 Effects of Urbanization on Biodiversity
of Macrobenthic Invertebrates; Scenarios and Trends

9.4.1 Habitat Fragmentation and Loss: Tidal Flat Reclamation

The Yangtze estuarine tidal flats are important potential land resources for urban
development and economic projects and reclamation of tidal flats is regularly carried
out to meet the demand of rapid regional development. The activities increased the
area of built-up land by 843 km? from 1949 to 2000 (Yun 2004). Reclamation has
been recognized as the primary solution to secure land to meet future needs of
the city’s inhabitants, which indicates that the coastal environment will continue to
be the major focus for development projects in the future (Naser 2011).

However, reclamation and dredging involves the direct removal of macrobenthic
invertebrates, resulting in the physical smothering of the intertidal and subtidal
habitats, and deoxygenates the underlying sediments (Allan et al. 2008; Newell
et al. 1998). These physical and chemical alterations may reduce the overall biodi-
versity, i.e., species richness, abundance, and biomass of macrobenthic invertebrates
in tidal marsh habitats (Smith and Rule 2001).

Data collected from samplings of the macrobenthic invertebrate community in
the natural and diked tidal flats in the south bank of the Yangtze Estuary, showed
that the species richness decreased in the tidal flats, and the composition of species
changed after diking. The number of crustacean species decreased from 7 to 1, and
polychaetes decreased from 4 to 3. The proportion of molluscs and insect larva
species composition increased from 29.4 and 5.9 % to 50 and 25 % respectively
(Yuan and Lu 2001).

Surveys of macrobenthic fauna before and after reclamation of the East Nanhui
tidal flat were conducted from 2004 to 2009 (Ma et al. 2012). The results showed a
decline in the number of species, from 32 to 26; the biomass values decreased from
38.8 to 1.97 g/m?; and the diversity of dominant species declined significantly from
2004 to 2009. The results suggest that reclamation has a damaging effect on macro-
benthic communities, by changing the elevation, hydrodynamics and characteristics
of sediment and succession of vegetation of the tidal flat (Yuan and Lu 2001).

However, the macrobenthic invertebrates communities have shown to have a
large capacity to self-rehabilitate following engineering projects in the tidal flats of
the Yangtze Estuary, as the community structure and biomass recovered 270 days
after engineering (Zhang et al. 2007). The influence of reclamation on
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macrobenthic invertebrates may decrease if enough new wetland regions would be
created to replace the habitats lost by reclamation. In an analysis of the wetland
evolution from 2000 to 2010 (Yang et al. 2011), the results showed that many new
wetland regions have formed in recent years, such as the rapid and slow accretions
in the east and northeast respectively of the Chongming Island, and the continuous
increase in the Jiuduansha shoal. The study data (unpublished data, 2011 and 2012)
suggested that in a parallel process, the predominant species, Eohaustorius cheliferus,
disappeared from the eastern part of Hengsha Island after reclamation, while it
became increasingly dominant in the growing Jiuduansha shoal.

9.4.2 Invasive and Exotic Species: Spartina alterniflora

With the acceleration of urbanization, city development demands more and more
land. Spartina alterniflora (S. alterniflora), an invasive North America species of
perennial grass growing on intertidal flats, was introduced to the Yangtze estuary in
the 1990s as an ecological engineering species involved with coastal stabilization
and land reclamation (Chung 2006). It is now a dominant species in estuarine salt
marshes. S. alterniflora changed natural plant zonation patterns by expanding into
Scirpus x mariqueter and Phragmites australis (P. australis), two native dominant
perennial grass species, stands because of S. alterniflora’s high tolerance of salinity
and tidal immersion (Li et al. 2009).

The succession of vegetation could affect the species composition and distribution
of macrobenthic invertebrates in the Yangtze estuary (Yang et al. 2007). The spread
of S. alterniflora in Scirpus x mariqueter communities significantly decreased the
species diversity of macrobenthic invertebrates in the earlier phase (Chen et al.
2005). However, a study of the macrobenthic fauna associated with S. alterniflora in
the Yangtze estuary suggests that as S. alterniflora eventually formed a stable distri-
bution, the species number and abundance of macrobenthic invertebrates increased,
and a new structure of macrobenthic invertebrates community was formed in
S. alterniflora zones. The new macrobenthic invertebrates community structure was
different from that found in native salt marsh, and it had taken several years for the
new macrobenthic invertebrate communities to establish and become stable
(Xie et al. 2008). Research on benthic fauna in different marshes (S. alterniflora,
Scirpus x mariqueter, and P. australis), showed that macrobenthic community struc-
tures differed in the proportion of native to exotic plants, but that the effects of plant
types on species richness and densities were generally weak (Chen et al. 2009).

Many wetland mitigation plans require a 5-year monitoring period of the flora
and fauna after development projects, but many macrobenthos need longer, even up
to 25 years, to recover after changes to their habitats (Craft and Sacco 2003). Long-
term monitoring studies are thus needed in the future. A model was constructed to
simulate vegetation changes over time resulting from the changes in sediment loads
and zonation in Jiuduansha shoal. Its simulations predict that areas of P. australis
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will continue to increase, and that S. alterniflora areas will decrease following a
rapid initial increase (Wang et al. 2013). If these changes are realized, the overall
community structure of macrobenthic invertebrates associated with in S. alterni-
flora will change in the future, which also would have effects on the ecosystem
services produced and the income resource base.

9.4.3 Pollution: Sewage Discharges

Sewage effluents are major sources of river pollution in Shanghai (Cheng et al.
2006). Macrobenthic invertebrate assemblages in rivers were investigated at 83 sites
in Shanghai metropolitan area in 2012 (study data 2012). The study showed a reduc-
tion in species diversity, richness and evenness of macrobenthic invertebrates in the
areas where levels of organic enrichment, mainly ammonia and phosphate, were
increased. No living samples were detected at nine sites that had particularly high
levels of pollution, thus lacking suitable habitats. The water quality of the other 74
sites with living samples was evaluated by the Goodnight-Whitley Index (= Number
of Tubificidae/Total number of benthic organismsx 100) (Goodnight and Whitley
1961). The index allowed separation of the sites into three groups: (1) 33 sites were
severely polluted, with low richness and only dominated by high pollution-tolerant
oligochaetes; (2) two sites were moderately polluted, dominated by oligochaetes
but also with other species present; and (3) 39 sites were lightly polluted with high
species richness.

The changes of the macrobenthic biodiversity during the ecological restoration
process in Suzhou Creek (a river that passes through the Shanghai city centre) from
1999 to 2006 were analyzed (Liu 2007). The results indicated that the Shannon-
Weiner index and Pielou’s evenness index were positively related to water quality,
as both indices increased with the improvement of water quality. However, the
macrobenthic biodiversity showed no distinct improvement downstream if macro-
benthic communities had deteriorated upstream (Cheng et al. 2006). The ecological
restoration in Suzhou Creek is thus a long process.

9.5 The Governance Framework for Ecological
Conservation and Restoration

Since the 1990s, the Shanghai Government has adopted a series of corresponding
policies to protect the city’s environment. Firstly, policies have been developed that
aim to promote clean energy use and reduce water pollution, improve the sewage
treatment infrastructure, remove exhaust emission sources, and improving transpor-
tation systems. Secondly, nature reserves and wetland parks have been established,
which provide wetland protection as parts of the regional development.
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9.5.1 Nature Reserves

Nature reserves can be an effective measure to conserve biodiversity, as they offer
protection for the repository of genetic diversity, speciation and the source for meta-
population dispersal (Gong et al. 1993). Two national nature reserves associated
with biodiversity conservation of macrobenthic invertebrates have already been
established in Shanghai.

Shanghai Chongming Dongtan National Nature Reserve was established in 2006
to help strengthen the management of a 60,000 acre (24,000 ha) wetland reserve
recognized under the International Ramsar Convention, through improved design
and implementation of conservation strategies. To date, the managing body has
conducted research with the government and academic partners on the distribution
of species and ecological zones within this dynamic, continuously shifting estuarine
environment. It has also trained government and academic partners in Conservation
Action Planning, an approach to planning, implementing and measuring conservation
strategies. Finally, it has assisted with an environmental awareness campaign targeted
at reserve visitors from around the nation and the world (Xu and Zhao 2005).

Shanghai Jiuduansha National Wetland Nature Reserve was established in 2005
and covers an area of 103,833 acres (42,020 ha) at the junction of the Yangtze River
and the East China Sea. The Jiuduansha Reserve is a typical estuarine tidal flat
wetland, and the reserve is located in an area where the flows of the Yangtze River
and tides of the East China Sea meet. Because of its particular geographical location
and rich biodiversity, Jiuduansha is considered one of the most important estuarine
wetlands in China. The results showed that estuarine wetland ecosystems are
extremely sensitive to hydrological changes and other types of environmental
changes. Hence, conserving Jiuduansha and its ecosystems can offer unique
opportunities to explore the potential impact that water conservancy projects along
the Yangtze River may have on ecological processes in the watershed and the
estuary (Chen 2003).

9.5.2 Wetland Parks

Wetland parks conserve wetland landscapes with especially high ecological, cultural,
aesthetic and biodiversity value, and maintain the ecological processes and ecological
services functions (Wang 2008). They differ nature reserves in that visitors are
allowed to enter, under special conditions, for inspirational, educative, cultural, and
recreative purposes. Creating wetland parks can serve as an effective way to alle-
viate the contradiction between urban development and the protection of wetland
biodiversity.

Chongming Xisha National Wetland Park, which is a typical estuarine wetland, is
the only national wetland park in Shanghai, and is also a base for research
on wetland ecological restoration. It is located in the southwestern part of the
Chongming Island and has a total area of 4,500 ha. The Xisha wetland was previously
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flat and scattered with numerous ponds. Human activities (both development projects
and individual actions) caused a reduction of biodiversity, which inhibited a stable,
rich and dense bio-community and the ecosystems’ functioning.

An optimized ecosystem was constructed and the biodiversity increased through
environmental engineering of the wetland park that now includes an artificial forest
swamp (Liu et al. 2009) and restored bird habitat (Gao and Lu 2008). It was opened
to the public in 2005 and provides an example of a regional development strategy
that also supports wetland protection.

9.6 Concluding Remarks

Shanghai has experienced rapid urbanization over the past three decades, accompa-
nied by rapid acceleration of economic development. From 2000 to 2020, the urban
area of Shanghai is predicted to increase at an annual rate of 3 %, and reach a total
of 1,474 km? by 2020 (Han et al. 2009). By then, 92.6 % of the population in the
Shanghai region is expected to be urban. The city is facing many challenges as its
urban growth rate continues to accelerate.

Shanghai is a coastal metropolitan city with various types of natural and con-
structed wetlands which account for 23.5 % of its total area (Gao and Zhao 2006).
Macrobenthic invertebrates play an important role for wetland ecosystem structure
and functioning in and around the city. They are good indicators of the water quality
and can play an important role for monitoring the impact of urbanization on the
marine environment. The macrobenthic invertebrates also fill several other impor-
tant functions, for example as a food resource for humans, a food resource for verte-
brate predators, for filtering the water column, conducting sediment turnover, and
acting as an organic consumer, as they eat plants, and contributor, as they become
food for other animals. However, reclamation of the tidal flats by the expanding city,
alien plant spread, and sewage discharge caused by rapid urbanization in Shanghai
has changed the natural habitats of the macrobenthic invertebrates. This has changed
the composition of species and abundance of macrobenthic invertebrates, and
affected their capacity for ecosystem services provisioning. To support a transition
to a socioeconomically and environmentally sustainable urbanization process, the
Shanghai government has agreed on a series of policies aimed to protect wetlands in
recent years, and established protected areas, i.e., wetland reserves and parks. The
policies and protected areas have been helpful in restoring and improving the habi-
tats of macrobenthic invertebrates. However, ecological restoration is a long process
(see Chap. 31) and for conservation measures to be effective, they need to be able to
respond to future development pressures as the city is expected to continue to grow.
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Chapter 10
Patterns and Trends in Urban Biodiversity
and Landscape Design

Norbert Miiller, Maria Ignatieva, Charles H. Nilon,
Peter Werner, and Wayne C. Zipperer

Abstract Urbanization destroys or modifies native habitats and creates new ones
with its infrastructure. Because of these changes, urban landscapes favor non-native
and native species that are generalists. Nevertheless, cities reveal a great variety of
habitats and species, and, especially in temperate cities, the diversity of vascular
plants and birds can be higher than in the surrounding landscapes. The actual
occurrence of a species, however, depends on habitat availability and quality, the
spatial arrangements of habitats, species pools, a species’ adaptability and natural
history, and site history. In addition, cities are particularly human-made ecological
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systems. Top-down and bottom-up activities of planners, land managers, and citi-
zens create the urban biodiversity in general and in detail. Plants and animals in
cities are the everyday life contact with nature of the most humans on our earth. The
intrinsic interplay of social and ecological systems with a city often forms unique
biotic assemblages inherent to that city. To support native biodiversity, landscape
architects, conservation biologists, and other groups are linking landscape design
with ecosystem structure and function to create and restore habitats and reintroduce
native species in cities.

10.1 Introduction

Urbanization is a double-edged sword. On one edge, urbanization destroys and
fragments natural ecosystems, introduces non-native species, degrades and alters
ecosystem processes, and modifies natural disturbance regimes. On the other edge,
urbanization creates social and economic opportunities, centers of art and culture, and
truly unique ecological spaces through design. Cities are not landscapes depauperate
of plants and animals, but rather novel places teaming with unique plant and animal
communities. In fact, cities can play an essential role in meeting the Convention on
Biological Diversity (CBD) target of stemming biodiversity losses. This role
includes three complementary components: (1) sustaining ecosystem goods and
services for and within cities; (2) conserving biodiversity within towns and cities
and promoting the sustainable design of all urban areas to maximize their ability to
support biodiversity; and (3) promoting awareness and influencing decision-making
to create livable spaces not only for humans, but also plants and animals.

This chapter will examine how urbanization affects biodiversity at local and
regional scales, how novel biotic communities and habitats are created, how social
contexts influence species patterns and richness, and how landscape-design is influ-
encing biodiversity in cities. The chapter also examines the role of non-native species
in urban landscapes and how species are evolving in cities. The term “urban landscapes”
is used in this chapter to capture the diversity of human communities ranging from
small settlements such as villages or towns whose populations are less than ten
thousands to megacities whose populations are greater than ten million humans.

10.2 Biodiversity Patterns

An important component of evaluating biodiversity in urban landscapes is defining
biodiversity (Box 10.1). For this chapter, the distribution of species and species
richness across the urban landscape is used as one measure of diversity. To assess
species richness, it is also necessary to define what a native and non-native
species is and examine the types of sampling protocols to measure richness.

The term ‘non-native species’, used throughout this chapter, is the equivalent of
‘alien species’ as used by the CBD. It refers to a species, subspecies or lower taxon,
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Box 10.1 What Is Urban Biodiversity?

Urban biodiversity is ‘the variety or richness and abundance of living orga-
nisms (including genetic variation) and habitats found in and on the edge of
human settlements’. Species range from the rural fringe to the urban core (see
Chap. 1). The following examples of habitats found in human settlements:

— Remnant vegetation (e. g., remnant habitats of native plant communities,
rock faces)

— Agricultural landscapes (e. g., meadows, arable land)

— Urban-industrial landscapes (e. g., wastelands and vacant lots, residential
areas, industrial parks, railway areas, brown fields).

— Ornamental gardens and landscapes (e.g., formal parks and gardens, small
gardens and green spaces)

introduced (i.e., by human action) outside its past or present natural distribution and
includes any part—gametes, seeds, eggs, or propagules—of such species that might
colonize, grow and mature and subsequently reproduce. The chapter does not address
genetically modified organisms (GMOs) or non-native fungi, bacteria, and viruses.

To measure biodiversity in an urban landscape, one must account for the relative
age and area of the urban landscape as well as inventorying methodology. In general,
older urban landscapes have more non-native species than recently settled landscapes
(Pysek and Jaro$ik 2005). Furthermore, larger urban landscapes (e.g., cities) have
more non-native species than small urban landscapes (e.g., villages and towns)
(Pysek et al. 2004). Within a given city, different sampling designs may have been
applied at different times, yielding different species richness values, and thereby
limiting comparability. In conjunction with sampling protocol, the area being
sampled and the intensity of sampling needs to be considered. City boundaries,
landscape heterogeneity, and ownership patterns change over time and these changes
can affect not only areas being inventoried but also species distribution. For example,
biodiversity studies in urban areas are often conducted on public spaces where access
is not limited. Yet, often more than 70 % of the land in urban areas is privately
owned. Because private landowners control the vegetation structure on their proper-
ties, these properties can influence urban biodiversity tremendously (van Heezik
et al. 2012). Their absence from sampling can affect the overall recorded species for
an area. Likewise, an important element of sampling is what constitutes a count—a
single individual of a species or a viable population?

Although different protocols can be used to describe and quantify the effect of
urbanization on biodiversity, the two primary techniques are the urban-rural gradient
and comparisons among land uses. Urban-rural gradients represent anthropogenic
gradients that result from patterns of human development. Based upon techniques
used by plant ecologists to study the influence of an environmental gradient on
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community composition, Sukopp and Werner (1982) and McDonnell and Pickett
(1990) propose using the gradient approach to capture changes in land use,
the bio-physical environment, and alternation of disturbance as one moves from the
urban core to the rural fringe. Sukopp (1973) and Sukopp et al. (1980) illustrate
these changes for a typical city in the northern hemisphere (Fig. 10.1) (Box 10.2).
These gradients, however, may not be linear (e.g., high to low) as one moves
from the urban to the rural landscape but rather are dependent on the organizational
structure of the city—concentric, sector, or multiple nuclei (Harris and Ullman
1945). Quantifying the spatial and temporal scales of urban components (i.e., what
is urban) along the gradient is paramount for comparability (MclIntyre et al. 2000).

The gradient approach can also be applied within a city by comparing different
land uses. Blair (1996) uses this urban gradient approach to study how avian diver-
sity varied by land use. Land use is used to capture urban morphology and generally
includes residential, agricultural, transportation, industrial, commercial, recreational,
institutional, and ‘natural’ cover such as forest (see Anderson et al. (1976) for a
detailed description and definitions of land usage). Scientists often treat land-use as
a homogenous area with respect to environmental and anthropogenic factors, but
heterogeneity within a land use often exists because of different building types and
social contexts (Kinzig et al. 2005). These differences can influence the presence
and distribution of species. Like defining an urban-rural gradient, how the various
land uses are defined and the scale of at which measurements are taken are critical
for comparing species patterns across different studies.

Despite the issues associated with definitions and sampling, general patterns of
species richness are discernible. For instance, native species richness declines and
non-species richness increases as one moves from the rural fringe to the urban
core with approximately 30-50 % of the plant species in the urban core being
non-native (Dunn and Heneghan 2011). Similarly, under some conditions of low to
moderate levels of urban development (i.e., suburbanization), species richness may
actually increase (McKinney 2002). The increased number of species in suburba-
nizing landscapes results from high habitat heterogeneity, high number of introduced
species, socio-economic factors, and altered disturbance regimes (see Kowarik
2011). Another species pattern observed in urban landscapes is that species tend to
be non-native invasives and native generalists, which are tolerant to the urban
conditions. The literature, however, provides studies that are contrary to these gene-
ralities. For example, Hope et al. (2003) report that species richness in Phoenix,
Arizona, a city in the desert, increases with urbanization because of human influ-
ences such as irrigation and ornamental landscaping. In a review of gradient studies,
McDonnell and Hahs (2008) actually identify five response curves for native species
as urbanization increases: (1) no response, (2) negative response, (3) punctuated
response, (4) an intermediate response, and (5) a bimodal response. Although not
stated by McDonnell and Hahs (2008), a native species may also show a positive
response to urbanization (see Sect. 10.4.1). To examine more closely how urbaniza-
tion affects species richness, a detailed discussion of plants and birds and—to a less
detailed degree—mammals, amphibians reptiles, and invertebrates is provided in
the subsequent sections.
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Box 10.2 A Number of Attributes That Define an Urban Area and

Can Subsequently Affect Biodiversity (From Miiller and Werner (2010)
After Sukopp and Wittig (1998) and Pickett et al. (2001)) (See Chap. 1
for a Definition of Urban)

1. Configuration of buildings, technical infrastructure and open spaces
where the extent of hard surface (including buildings, paving and other
structures) covers an average of 30-50 % of the land surface in the urban
fringe and suburban areas, and well in excess of 60 % in the core areas.

2. Formation of an urban heat island effect in temperate and boreal zones
with longer periods of plant growth, warmer summers and milder winters
than the surrounding countryside.

3. Modification of the soil-moisture regimes, tending to become drier in tem-
perate zones, but with opposite effects in desert areas due to irrigation.

4. High levels of nutrient input at both point source and broad-scale.

5. High biomass production in parks, private and community gardens, and
similar intensively cultivated or managed areas.

6. Intentionally and unintentionally elevated food availability for animals
both wild and domesticated.

7. Soil contamination, air pollution, and water pollution; with particular
impacts on soil organisms, lichens, and aquatic species.

8. Disturbance such as trampling, construction (often with removal of all
vegetation), mowing, radical soil change, light and sound pollution, and
litter or illegal dumping.

9. Fragmentation of forests, grasslands and waterways as well as existing
green spaces.

10. High proportion of introduced plant- and animal species.
11. High proportion of habitat generalists and common plant and animal
species.

10.3 Plant Species Richness in Cities

Humans have a long history of transporting plant species and affecting local biodi-
versity. Since the Neolithic period, 12,000 species have been introduced into Central
Europe for ornamental and cultural purposes and approximately 10 % (1,100) of
those plants have become naturalized (Lohmeyer and Sukopp 1992). The 10 % nat-
uralization of non-native species appears to be a general rule for continental flora
(Reichard and White 2001); however, the effect of naturalization may be more
dramatic on islands. For instance, on New Zealand, Ignatieva et al. (2000) and
Stewart et al. (2010) document only 48 native species of a total of 317 vascular plant
species in Christchurch. PySek (1998) also reports that the area extent of the urban
landscape affects flora diversity. Villages have greater proportion of native species,
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Fig. 10.2 Correlation between human population growth and naturalized exotic plants in Berlin
(Modified from Sukopp and Wurzel 2003. Published with kind permission of © Urban Habitats
2003 and Herbert Sukopp 2013. All Rights Reserved)

whereas cities have greater proportion of non-native species with respect to the total
number. Similarly, Sukopp and Wurzel (2003) correlate the increase in the number
of naturalized species (trees, shrubs and herbaceous plants) with city expansion of
Berlin, Germany during the nineteenth and twentieth centuries (Fig. 10.2).

The relationship between human population size and biodiversity is more com-
plex. Luck (2007) reviews the relationship between human population density and
biodiversity and reports a positive correlation between human population density
and species richness (primarily plants and birds) because of the co-occurrence of
human settlements and species-rich areas (see Sect. 10.7 and Chap. 3). Scale of the
geographical areas plays an important role in analyses with positive correlations
between human population density and species richness occurring for sampling
areas greater than or equal to 2,500 km?. For sites less than 2,500 km?, the correlation
is less apparent because of geographical biases, scale of sampling, and sampling
protocols; all are factors identified in the previous sections. Geographically, most
biodiversity studies are conducted in the Northern Hemisphere with a high propor-
tion in the United States (29 %) (see Chap. 27 for a discussion of a similar trend
exhibited for studies on urban governance for biodiversity, and see Chap. 33 for a
general examination of this northern bias). With projected human population growth
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(Chap. 21), regional planning and landscape design become paramount if cities are to
reduce threats to threatened and endangered species, protect existing conservation
areas, and minimize habitat loss and degradation (Luck 2007). In fact, the large
forests in many urban landscapes will become increasingly more important for bio-
logical conservation. Examples of these spectacular forests include the Tijuca Forest
in Rio de Janeiro; the Bukit Timah Nature Reserve in Singapore; Riccarton Bush in
Christchurch; the El Avila National Park in Caracas; remnants of Australian bush
land habitats in Perth, Sydney and Brisbane; natural forest remnants in New York,
Stockholm, St. Petersburg and Moscow; the Ridge Forest in New Delhi; and rock
faces and outcrops in Edinburgh.

Williams et al. (2009) identify four primary factors or “filters” influencing the
distributions of plant species in urban landscapes. They include (1) habitat avail-
ability, (2) the spatial arrangement of habitats, (3) the pool of plant species, and (4)
evolutionary pressures on populations. With the exception of spatial arrangement,
these filters mirror the factors influencing vegetation dynamics as posited by Pickett
et al. (1987)—site availability, species availability, and species performance. An
aspect of habitat availability is site history, which encapsulates ownership legacy
and use. This history can be extensive, especially for ancient cities (see Celesti-
Grapow et al. 2006 and Chap. 2). Furthermore, these filters or factors work syner-
gistically and simultaneously, rather than independently, and their effects will vary
by species (Williams et al. 2009). The next subsections examine species availability,
unique habitats, and species traits for plants in urban landscapes.

10.3.1 Species Availability

Williams et al. (2009) identified three sources of species in urban landscapes:
(1) native species originating in the area itself, (2) native species occurring regionally,
and (3) non-native species introduced by humans or naturalized in the region. Wittig
(2004) recognizes a fourth source, anecophytes, which are species with European
origins that have no natural habitats but have evolved to adapt to agricultural, urban,
and industrial landscapes. All of these sources are ecologically and anthropogenically
dynamic. Changes in any of them may affect species diversity in a city (Tait et al. 2005).

Analyses of long-term species records provide insights into how these sources
change. Chocholouskova and Pysek (2003) examined the vegetation of the city of
Plzen, Czech Republic and its surrounding area for three periods of time: 1880—
1910, the 1960s, and the 1990s. Over the 120 year period, 805 species were perma-
nently present, 368 disappeared, and 238 were new additions. Total species richness
of the city and surrounding area decreased from 1,173 recorded in 1880-1910, to
989 in the 1960s, then increased to 1,043 in the 1990s, a 17 % total change over
time. Interestingly, species richness in the surrounding area declined from 1,112 to
745 species, whereas the city’s species richness increased from 478 to 773 species,
primarily through the introduction of non-native species. Of the 1,459 total number
of species inventoried, 13.6 % were archaeophytes (introduced before 1500), 15.4 %
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neophytes (introduced after 1500), and 71.0 % native species. Similarity coefficient
(Jaccard) between the surrounding area and the city increased from 35 % for the
period of 1880-1910 to 46 % in the 1990s. Woody species, both shrubs and trees,
increased in the city over the study period. A closer examination of the woody vege-
tation showed that neophyte woody species increased from 2 to 8 to 33 species
(Chocholouskova and Pysek 2003).

At a finer scale, DeCandido et al. (2007) examined the history of species change
for Central Park in New York, NY, USA. Central Park is 341.2 ha and was established
in 1853. Based on nineteenth-century plant lists, herbarium specimens, and field
surveys in 20062007, DeCandido et al. (2007) reported that during the late nine-
teenth and early twentieth centuries 356 species—255 (74 %) natives and 91 (26 %)
non-native—were recorded. From the 20062007 survey, 362 species—145 (40 %)
native and 217 (60 %) non-native—were recorded. A cumulative list of total species
from all sampling periods was 583 species—331 (57 %) native and 252 (43 %)
non-native. Over the study period, 260 new species (64 % non-native) were added
and 198 species (90 % native) were lost. Of the lost native species, 117 were annuals
associated with wet meadows and woods; these are habitats-types that were lost
during park development.

Other authors have reported similar patterns of shifts in species richness with turn-
over rates ranging from 3 to 55 % (DeCandido 2004; Godefroid 2001; Landolt 2000;
Werner and Zahner 2009). These studies indicate that turn-over rates are more
complex than just non-native species replacing native species. Although non-native
species can out compete native species in shared habitats, loss of native species often
results from habitat loss, shifts in land use and site history, or changes to environmental
conditions such as altered disturbance regimes (e.g., fire suppression), altered hydro-
logical patterns, increased desiccation, and reduced light availability (Hahs et al.
2009; Gregor et al. 2012). In general, herbaceous plants (primarily wetland species or
species associated with wet soils) are the dominant native species being extirpated
(Ricotta et al. 2009). These studies also highlight the need to examine species by life
form or functional groups to gain a better understanding of how species are responding
to urbanization and the effect of species loss on the ecosystem. Although the general
pattern is of native species richness declining and non-native species richness increasing
over time, collectively, native species can comprise 50-70 % of total species richness
in a city, albeit sometimes as rarer species (Kowarik 2011).

With increased dominance of non-native plant species and the extirpation of
native species in urban landscapes, McKinney and Lockwood (1999) postulated
that biotic homogenization was occurring—an increased similarity of species com-
position between sites, which, historically, had disparate floras. Based on 20 localities
in the United States, McKinney (2008) observed localities with a relative high number
of total non-native species (>200 species) were more similar compositionally than
localities with fewer non-native species, and regardless of distance between localities,
non-native species had higher similarities among localities than native species.
In other words, with increased urbanization, the urban environment promoted
the proportion of total shared species by promoting more shared species among
non-natives (McKinney 2008).
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Biotic homogenization appears to be scale and site related. Rejmanek (2000)
examined the flora of states in the United States and reported that non-native plants
species actually increased floral distinctiveness for adjacent states. Similarly, in
examining the flora of Germany, Kiihn and Klotz (2006) observed greater heteroge-
neity of native species in urban than in rural sites, and urbanization did not have the
overall effect of homogenization of all species. Overall, at the regional scale, urbani-
zation did not contribute to homogenization (Kiihn and Klotz 2006). Kiihn et al.
(2004) attributed the lack of homogenization to the occurrence of human settlements
in biological hotspots for native species, the greater diversity of available habitats in
urban areas, and different invasion rates for non-natives species (also see Olden
et al. 2004). Collectively, these studies point out that homogenization is a more
complex phenomenon in urban landscapes than previously thought and warrants
greater investigation.

In addition to biotic homogenization, Olden et al. (2004) also identified three
other types of homogenization: genetic, taxonomic, and functional. Genetic homo-
genization reduces the spatial separation of genetic variability within a species or
population through direct introductions of species outside their normal range or
through extirpation of local populations. Horticultural practices directly facilitate
the introduction of species outside their normal ranges which has led to intraspecific
(i.e., within a species) and interspecific (i.e., occurring between species) hybridization
and often, the creation of invasive species (see Schierenbeck and Ellstrand 2009).
For instance, Culley and Hardiman (2007) document the intraspecific hybridization of
Callery pear (Pyrus calleryana), a commonly planted street tree, which has resulted
in the invasive species currently colonizing natural areas in the Midwest United
States. Similarly, Trusty et al. (2008) document the interspecific hybridization of
Wisteria sinensis and W. japonica, species imported because of showy floral displays
and sweet fragrance, and the resulting invasive progeny. Bleeker et al. (2007) identify
134 hybrids resulting from the hybridization between 81 non-native species and 109
native species. Interspecific hybridization between a non-native species and a rare-
native species is especially problematic because of the dilution of genetic material
(swamping gene flow) by the non-native species and outbreeding depression
(a reduction in progeny fitness). Each of these issues needs to be considered when
developing conservation strategies for rare, native species (Bleeker et al. 2007).

Taxonomic homogenization, largely from a phylogenetic perspective, refers to
an increase in compositional similarity among communities (Olden et al. 2004).
Knapp et al. (2008) illustrate taxonomic homogenization in an urban context using
the Kiihn et al. (2004) data set for Germany. As previously mentioned, Kiihn et al.
(2004) identify high species richness and the lack of biotic homogenization in
Germany’s urban landscapes. A closer examination of species data reveals that the
urban landscapes may have been more species rich than corresponding rural
landscapes, but phylogenetically, urban landscapes are less diverse than rural land-
scapes. In other words, because of the urban filters (see Williams et al. 2009) acting
on available species in urban landscapes, species are more closely related function-
ally than species in rural landscapes (Knapp et al. 2008). Ricotta et al. (2009)
discern a similar pattern when comparing 21 floras from European and U.S. cities,
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and report that that non-native species had a significantly lower phylogenetic diver-
sity than native species. Consequently, the flora in urban landscapes, with its lack of
phylogenetic diversity, may be less adaptable to environmental change (e.g., climate
change) than flora in rural landscapes.

Functional homogenization, a measurement of the increase in spatial similarity
of functional variables over time, is based on the assumption that the simplification
of species (through the loss of specialists to generalists) and the simplification of
phylogenetic diversity leads to a reduction in ecosystem function (and subsequently,
ecosystem benefits and services) (Olden etal. 2004; Clavel et al. 2011). Unfortunately,
as opposed to well-documented effects of urban environment on functional homo-
genization (see Pickett et al. 2011), there is a lack of information on changes in
functional diversity resulting from a simplification of species richness across the
urban landscape. Research at fine scales indicates that species can alter biogeo-
chemical processes (Ehrenfeld 2005) and carbon sequestration accumulation
(Escobedo et al. 2010), but how functional homogenization manifests itself across
the urban landscape still needs to be determined.

10.3.2 Habitats

Urbanization transforms landscapes. It fragments or obliterates natural vegetation
resulting in habitat loss and isolation. It alters the spatial arrangement of landscape
components and modifies heterogeneity thereby disrupting ecological pathways.
It modifies the climate by creating urban heat islands. These changes often result in
the loss of native plant and animal species (Dunn and Heneghan 2011).
Assessments of patches of remnant vegetation show that patch configuration
plays a significant role in determining plant species richness (Burgess and Sharpe
1981). In general, larger remnant patches contain more native species than smaller
patches in urban landscapes (see Godefroid and Koedam 2003). Consequently, con-
servation strategies in urban landscapes favor preserving larger patches over smaller
ones. Smaller patches, however, can play significant roles in maintaining overall
richness in an urban landscape by containing unique habitats (Florgard 2007;
Forman 1995), and serving as stepping-stones or increasing connectivity for species
that migrate among habitats and through the landscape (Forman and Collinge 1996).
Actually, these small patches, in combination with backyard habitats, form a habitat
network in urban landscapes that is critical to species conservation (Rudd et al. 2002).
Patch history plays an equally important role in determining the species compo-
sition. By distinguishing remnant sites (i.e., those never cleared for urban use)—
from emergent sites (i.e., those cleared for urban use and allowed to reforest),
Zipperer (2002) shows that the emergent forest patches have a greater plant species
richness and greater number of non-native species than the remnant patches.
Emergent patches are also dominated by wind-dispersed species, whereas remnant
forest patches are dominated by animal-dispersed species. Analysis of wastelands
and derelict sites (i.e., abandoned land where plants grow without any human
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Fig. 10.3 Average number of vascular plant species and number of IUCN Red List plant species
found within different land-use types in Augsburg, Germany. The number of times each land-use
type was sampled is listed in parentheses (Modified from Miiller 2011. Published with kind
permission of © Springer 2011. All Rights Reserved)

control (Muratet et al. 2007)) in Europe show a similar pattern of non-native, wind-
disseminated species dominating the site (Godefroid et al. 2007). The assemblage
of native and non-native species on emergent forest patches and on wastelands
forms novel ecosystems whose vegetation dynamics, biogeochemistry, and ecological
functions are only now being identified and evaluated (Hobbs et al. 2006; Sukopp
et al. 1979).

Urbanization also creates new habitats such as road verges, vacant lots and
wastelands, hard surfaces and walls, parks, and gardens (Fig. 10.3). These habitats
contribute not only to the overall plant species richness of a city, but also to the
preservation and conservation of endangered native species. Although most of
these habitats have only recently been studied from an ecological perspective, some
have been extensively studied during the last century (see Gilbert 1989; Sukopp and
Wittig 1998). For instance, the effect of roads has been extensively studied from
multiple perspectives such as biogeochemistry, wildlife mortality, and chemical dis-
position (Forman 1995); however, Trammell and Carreiro (2011) only recently con-
ducted a structural and functional analysis of road verges. In Louisville, Kentucky,
USA, they observed that distance from city center was a primary determinant of
plant species composition and structure. Plots located further from the city had
lower stem density but higher species richness than plots located in the city
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(Trammell and Carreiro 2011). They also observed an increase in non-native spe-
cies, primarily Amor honeysuckle (Lonicera maackii), closer to the city.

Vacant lots, wastelands, and derelict sites include: sites where infrastructure
once occupied but since have been removed, sites that have been abandoned and
are no longer managed, and sites created from war (see Sukopp 2002). Sites often are
poorly drained because of compacted soils or rapidly drained because of the
additional construction debris mixed into the soil. Construction material also
increases alkaline concentrations. These sites are often short-lived habitats because
of irregular patterns of disturbances and new buildings being erected. Nonetheless,
vacant lots and wastelands can be quite species-rich and can contain species native
to the area, species from agricultural sites, and ruderal, non-native species (Kelcey
and Miiller 201 1; Muratet et al. 2007). Prach and Pysek (2001) report that soil fertility
can play an important role in vegetation dynamics on wastelands in Central Europe
with European aspen (Populus tremula) dominating on poor sites, and black elder-
berry (Sambucus nigra) and goat willow (Salix caprea) dominating on moderately
fertile sites. Del Tredici (2011) calls this suite of species occupying vacant lots a
“cosmopolitan assemblage of early-successional, disturbance-tolerant species that
are pre-adapted to the urban environment”.

Hard surfaces are not unique to urban landscapes but proliferate because of
building construction, stone and brick walls, and pavements as well as the presence
of ruins (Lundholm 2011). Although these sites often are hostile environments for
plants (e.g., due to the lack of soil and moisture, and extreme temperatures), they
can harbor a unique array of species that contribute the overall native species rich-
ness of a city. Two key factors influencing vegetation on walls are age of the surface
and moisture availability (Darlington 1981). Compared to newer walls, older walls
and mortar tend to have more species because they have weathered more, have had
time to neutralize alkaline conditions, and accumulate organic material in cracks
(thus creating a rooting zone for vegetation). Darlington (1981) also reports that
oceanic climates with high rainfall and relatively low temperature fluctuations favor
vegetation developing on walls. By comparison, walls in arid climates have limited
vegetation on surfaces because of desiccation. Wall vegetation includes angiosperms
as well as algae, cyanobacteria, lichens, bryophytes and ferns (Lundholm 2011).
Although exceptions do exist, Lundholm (2011) reports the following species
patterns on hard surfaces in urban landscapes: hemicryptophyes (i.e., perennials
with their buds at or near the soil surface) are dominant in Atlantic and Central
Europe, chamaephytes (i.e., woody species with resting buds at or near the soil
surface) in Mediterranean Europe, therophytes (i.e., annual species) in India, and
phanerophytes (i.e., woods species with resting buds above the soil surface) in Israel.
Interestingly, the shift of construction material from stone and concrete to glass and
metal for construction surfaces threatens the occurrence of this biota in cities.

Another set of novel habitats in urban landscapes are parks and gardens. Of all
the habitats in a city, parks and gardens truly demonstrate human expression and
creativity. Urban parks are not only credited for their ecosystem services and posi-
tive aesthetical and social values (Bolund and Hunhammar 1999; Chiesura 2004),
but also act as hot spots of biodiversity in urban areas (Cornelis and Hermy 2004).
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For instance, old historic parks in Europe are a complex combination of habitats of
native vegetation, historical cultural landscape and typical urban vegetation such as
lawns. They often contain and support the preservation and conservation of endan-
gered and rare taxa (Kiimmerling and Miiller 2012). On the other hand, parks can
be sources for plant invasions through extensive use of non-native plants (Dehnen-
Schmutz et al. 2007). This is especially true for parks outside of Europe (Ignatieva
2010) (also see Sect. 10.6).

Private residential gardens in the United Kingdom, USA, and other colonial
countries with similar urban planning structure, may represent as much as 27 % of
the land area in a city (Smith et al. 2006; Thompson et al. 2003). Although generally
ignored by ecologists as significant habitats in urban landscapes, gardens contribute
significantly to plant species richness and to insect and avian species diversity by
providing critical habitat for nesting, food, and cover (Smith et al. 2006). Because
of their importance to city biota and humans, we will examine gardens in a greater
detail than other habitat types (also see Sect. 10.6.1).

Ecologically, gardens are species rich. Thompson et al. (2003) inventoried 60
gardens in Sheffield, UK and observed 438 species, 33 % of which were British
natives. Overall, native species richness was not correlated with garden size, but
total species richness was. Thompson et al. (2003) also reported that total species
richness was greater in gardens than any other natural community, principally
because of the addition of non-native species. Management also plays an important
role in maintaining species richness in gardens. Through active management, more
species can be maintained in a given area than otherwise would have occurred
naturally (Thompson et al. 2003). Loram et al. (2008) inventoried five UK cities—
Belfast, Cardiff, Edinburg, Leicester, and Oxford—and observed similar patterns of
species richness in gardens. Across these cities, native species represented 34 % of
the total species inventoried. Surprisingly, the most frequently sampled species
were 20 native species. In fact, Loram et al. (2008) reported no differences for spe-
cies richness, diversity, and composition across cities, which varied climatically and
geographically. Similar results were reported from biodiversity studies for gardens
in front of homes in Germany (Miiller 2010a). Quigley (2011) recognizes the con-
tribution of gardens to species richness, but questions the ecological functionality of
gardens. Generally, gardens are developed for visual appeal and do not increase
trophic diversity and often are not self-sustaining (see Sect. 10.5).

Like gardens, lawns are ubiquitous and unique habitats, which cover large areas
in urban and urbanizing landscapes all over the world (Miiller 2010b; Stewart et al.
2009). Lawns are found in parks, playing fields, golf courses, along streets and
roads, in plazas and schoolyards (Ignatieva and Stewart 2009). Lawns are nearly
universal in front and back yards in suburban gardens in UK, USA, Australia, and
New Zealand. However, lawns and gardens (as a whole) differ with respect to species
richness and effect of management. Thompson et al. (2004), sampled 52 lawns in
Sheffield, UK, and identified 159 species with 94 % being native. In fact, the 24
most common species were native. By comparison, ‘colonial lawns’ in New Zealand
showed the opposite trend with non-native species dominating (Ignatieva and Stewart
2009). Stewart et al. (2009) studied 327 lawns in Christchurch, NZ and identified
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127 species with the majority (81 %) being non-native. They observed that of the 25
most common species, 22 were non-native whose origins were primarily Eurasian
and some from North America. The majority of native species were forbs which
were often removed because they were regarded, along with non-native forbs, as
‘weeds’ (Ignatieva and Stewart 2009).

Meurk (2004) conducted an inventory of lawns in both northern and southern
hemispheres. In the northern hemisphere, “core” grass species were Kentucky blue-
grass (Poa pratensis), English ryegrass (Lolium perenne), common bent (Agrostis
capillaris), and red fescue (Festuca rubra), and forbs species being white clover
(Trifolium repens), common dandelion (Taraxacum officinale), annual blue grass
(Poa annua), and common plantain (Plantago major). In fact, 94-97 % of all species
in European lawns were indigenous. By comparison, results from lawn sampling in
the Southern Hemisphere indicated that the percentage of indigenous species in
lawn floras was highest in the tropics-subtropics or arid environments (e.g., Bolivia
(80 %), South Africa (42 %)) and lower in temperate environments (e.g., Chile
(20 %), Southern Australia (11 %) and New Zealand (19 %)) (Meurk 2004). South
Africa had the greatest proportion of annuals/biennials in sampled floras (31 %) for
the Southern Hemisphere. In the northern hemisphere UK had the highest propor-
tion of annuals/biennials with 21 % (Stewart et al. 2009). These results suggested a
homogenization of lawn flora around the globe as a result of globalization (see
Sect. 10.6.2).

Lawns also differed from gardens with respect to management types and inten-
sity. High species richness in gardens was attributed to management intensity, but
intensive management in lawns reduced species richness. Falk (1980), studying
only two lawns—one intensively managed (i.e., fertilized and irrigated) and mowed,
and the other less intensively managed and just mowed—observed that the inten-
sively managed lawn had 50 % fewer species than the less intensively managed
lawns. A comparison of percent cover showed that turf grass species (e.g., tall fescue
(Festuca arundinacea), Kentucky bluegrass, and Bermuda grass (Cynodon dactylon))
occupied nearly 90 % cover in the intensively managed lawn and only 70 % in the
less intensively managed lawn. In addition, percent cover of dominant non-grass
species differed between sites. In the intensively managed lawn, white clover
dominated, whereas smooth crabgrass (Digitaria ischaemum) dominated in the less
intensively managed lawn suggesting management intensity may also influence
species occurrence and performance.

Examining the effect of lawn care further, Stewart et al. (2009) conducted a
detailed analysis of Christchurch, New Zealand lawns and identified seven distinct
communities. Each community reflected differences in lawn care such as mowing,
irrigating, removal of clippings, and litter accumulation rather than environmental
and social variables. Primarily, species richness declined significantly with an
increase in litter, lawn area, and loamy soil, and the presence of grass clippings.
Hence, park lawns had lower species richness than residential lawns (Stewart et al.
2009). By comparison, since the 1980s lawn management in parks and gardens
within many European cities has shifted towards practices that support biodiversity.
For instance, instead of being cut 10—15 times annually, lawns are cut only twice per
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year. The shift in management has created species-rich meadows which contribute
significantly to local biodiversity and reflected historical cultural landscapes (Kelcey
and Miiller 201 1; Kiimmerling and Miiller 2012) (see Sect. 10.6).

10.3.3 Species Traits

The urban environment is a unique environment in which species are exposed to
environmental effects that do not occur collectively in other ecosystems.
Environmental effects include elevated soil and air temperatures due to the urban
heat island effect, higher concentrations of heavy metals in the soil, atmospheric
pollution, increased water stress, and greater nitrogen and calcium deposition
(Grimm et al. 2008; Lovett et al. 2000; McDonnell et al. 1997) (see Box 10.2).
These environmental effects, in the context of the urban morphology, affect not only
the gains and losses of species (Pirtel et al. 1996; Williams et al. 2009), but also
serve as a filter for specific plant traits and selective pressures on species adaptions
and evolution (Hunter 2007).

Plant traits can play a critical role in the survivability of a species in an urban
environment. Traits associated with plants growing in human settlements include
being biennial or perennial, C-strategists (competitors), and wind-pollinated;
flowering in mid-summer; reproducing by seed and vegetatively; dispersing by
wind or humans; and having a high demand for light and nutrients (Lososova et al.
2006). As opposed to arable lands which are disturbed annually, urban sites (e.g.,
vacant lots and wastelands) tend to have irregular disturbances, which create a patch
mosaic of various stages of successional development. These irregular disturbances
favor biennial and perennial rather than annual species. Similarly, Miiller (2010b)
reports that the most common plant species in six large cities of the northern
hemisphere were from grasslands and riparian habitats (Fig. 10.4). These species
may have a pre-adaptation to the droughty and anaerobic conditions found in
urban landscapes.

Based on Grime’s (1979) plant life strategies, (Lososova et al. 2006) reported
that C-competitors were being selected in urban landscapes. In addition, Chocho-
louskova and Pysek (2003) observed CSR-competitors/stress-tolerators/ruderals,
CS-competitors/stressors, and CR-competitors/ruderals as being the dominant
strategies in their historical analysis of Plzeii, Czech Republic.

A similar pattern of traits are being identified in structural and compositional
shifts towards wind-dispersed, fast growing, shade intolerant species in remnant
forests in urban landscapes. Rudnicky and McDonnell (1989) re-inventoried a his-
toric remnant forest in New York City. The site had not been cut in historic times.
All stems >15 cm diameter at breast height were inventoried and mapped in the
mid-1930s, and again, in 1985. In the 1930s, 70 % of the forest was composed of
two forest types: a hemlock forest type and an oak forest type. In 1985, these forest
types only occupied 30 % of the forest and a maple/cherry/birch type was the domi-
nant forest type. The shift in structure and composition from large conifer and oak
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Fig. 10.4 Natural habitats of the 50 most frequent plants within six large cities of the Northern
Hemisphere (Modified from Miiller 2010b, p. 13. Published with kind permission of © Wiley-
Blackwell 2010. All Rights Reserved)

species to wind-disseminated, fast-growing species was attributed not only to
natural disturbances such as hurricanes but also to human activities such as arson,
vandalism, and trampling. By comparison, the conifer and oak species were more
susceptible to human disturbances than the wind-disseminated species (Rudnicky
and McDonnell 1989). In addition, Godefroid and Koedam (2007) and Vallet et al.
(2008) report a preponderance of nitrophilic species in remnant forest patches.

In addition to shifting structure and composition, the ecological novelty and the
evolutionary consequences of the urban environment have altered genotypes of
species. For instance, Wittig et al. (1985) and Miiller (2010b) report a list of species
specifically restricted to urban landscapes—anecophytes, species with no apparent
natural habitat (Fig. 10.4) (also see Scholz 1991; Sukopp and Scholz 1997).
Examples of such species include a shepherd’s purse (Capsella bursa-pastoris),
lambsquarters (Chenopodium album), Bermuda grass, mouse barley (Hordeum
murinum), common plantain, annual bluegrass, prostrate knotweed (Polygonum
aviculare), common groundsel (Senecio vulgaris), common chickweed (Stellaria
media), and common dandelion, which are worldwide some of the most frequent
plants in urban areas (Fig. 10.4) (Miiller 2010b). Sukopp et al. (1979) report also
that more than 15 species of primrose (Oenothera spp.) have evolved since the
introduction of the American parent species 350 years ago in Europe. Similarly,
since their introductions in Great Britain, Michaelmas daisies (Aster novi-angliae,
A. novi-belgii, A. lanceolatus, A. laevis and hybrids) appear to be more variable both
morphologically and in their ecological amplitude than the same species in North
America (Gilbert 1989). Over time, new species will evolve through natural selec-
tion and hybridization, and novel ecosystems will continue to develop, potentially
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changing ecosystem benefits (both positively and negatively) affecting humans in
urban landscapes (see Chap. 11).

The dominance of non-native species in urban landscapes has led to the evalua-
tion of species traits to identify why invasives are so successful in urban landscapes.
The identification of these traits, however, can be problematic because of the
approaches used in the analyses; the types of comparison, scale, and data character
used; and what constitutes the occurrence of a species (PySek and Richardson 2007).
Accounting for these factors, PySek and Richardson (2007) observe several general
patterns when comparing non-native species to native species: faster growth, taller
plant height, more vegetative reproduction and lateral growth, more often hermaph-
roditic, earlier germination and germination under a wider range of conditions,
higher water, nitrogen and/or phosphorous use efficiencies, and more extended
periods of flower timing. For pollination and dispersal, no differences are observed,
and mixed findings occur with respect to seed size. In their analyses PySek and
Richardson (2007) point out that traits do matter, but caution that traits that are
successful at one stage of the invasion process and in a specific habitat may be neutral
and even detrimental in other stages.

In their landscape designs and management, many cities, landscape firms, and
nurseries are moving away from non-native species and going native (Ignatieva
et al. 2008). The current thought is that native species are adapted to the region and
will be better suited for plantings than non-native species. Like all species, native
species have evolved to live in a set of environment conditions involving soil
moisture, temperature, nutrient and light availability, and shade tolerances. The
suite of these environmental conditions needed by a species may not be collectively
represented in the urban landscape. Consequently, native plantings often fail because
species are not adapted to the urban environment—it is the wrong plant in the wrong
place (Quigley 2011). Nonetheless, matching the right native species for the right
place can improve survivability and enhance native species representation in urban
landscapes and design.

10.4 Animals: Vertebrates and Invertebrates

The previous section examined how the urban environment influenced plant species
richness, patterns, and distributions. This section focuses on vertebrates and arthro-
pods. First, the section examines humans, the dominant mammal in urban systems
and then evaluates how other mammals, birds, reptiles and amphibians, and arthro-
pods respond to urbanization.

10.4.1 The “Other” Mammal

Homo sapiens is the dominant mammal in urban and urbanizing landscapes. Often
one does not think of humans as being part of the ecological system, but rather
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views humans as the cause of environmental degradation, habitat fragmentation,
and altered disturbance regimes (see Chap. 2). Section 10.5 examines socio-
ecological systems and the reciprocal effects that ecological and social systems
have on each other in greater detail. In this subsection Homo sapiens are highlighted
as the keystone species in urban systems. Humans modify nearly every aspect of our
abiotic and biotic environment through the following behaviors: (1) constructing
barriers to dispersal, (2) fragmenting habitats, (3) introducing non-native species,
(4) introducing domestic pets, (5) altering ecosystem structure and processes,
(6) altering disturbance regimes, (7) changing competitive relationships and trophic
structure, and (8) generating multiple-scale effects (Adams and Lindsay 2011). An
artifact of this modification is the built infrastructure to sustain human activities.
Infrastructure creates habitat for some wildlife species but may present hazards
for other species. For instance, buildings serve as nesting habitats for raptors, but
also are obstacles to migratory birds. More than 100 million migrant and resident
birds are estimated to be killed each year by colliding into windows (Adams and
Lindsay 2011). Similarly, collisions with communication towers cause approxi-
mately 1.2 million birds deaths annually (Adams and Lindsay 2011). Roads also
pose a major threat to wildlife species, especially small and slow moving fauna
(Forman and Alexander 1998). For instance, for 12 linear kilometers of roads in
Tippecanoe County, Indiana, USA, Glista et al. (2008) recorded 10,515 road kills in
a 17 month period; over 9,100 of those deaths were anuran (frogs and toads)
species. The high anuran mortality was attributed to individuals migrating to and
from breeding sites. In contrast, bridges, underpasses, overpasses, and culverts
serve as nesting and roosting sites for a number of species. For instance, both cliff
swallows (Hirundo pyrrhonota) and cave swallows (H. fulva) have expanded their
natural ranges by adopting bridges and culverts as nesting sites, and more than half
of the 45 bat species in the United States use bridges as roosting sites (Adams and
Lindsay 2011). Overall, the adaptability of a species to human infrastructure and
landscape mosaic often determines its survivability in the urban landscape.

10.4.2 General Observations

Like plants, a general set of characteristics enable wildlife species to survive and
possibly flourish in urban landscapes. They include: (1) physiological tolerance to
extreme variation in the abiotic environment; (2) large zoogeographic distribution;
(3) generalists rather specialists with respect to available food, shelter, and water
resources; (4) high reproductive and survival rates; (5) habituation to human activi-
ties; (6) few competitors and/or predators; (7) adaptability to highly fragmented
landscapes with abundant edges; and (8) high rates of recruitment through immigra-
tion (Adams and Lindsay 2009). In addition to these characteristics, habitat quality
and availability play key roles in determining whether wildlife species will be present
(Nilon 2009). Because humans control land uses and land covers in the urban
matrix, habitat conservation must be coupled with urban planning and landscape
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design. Furthermore, because of the complexity of the urban landscape, conservation
strategies must involve not only the habitat itself, but also the ecological context of
the parcel, such as its connectivity, distance to other habitats, distance to water
features and potential buffer zone to reduce anthropogenic influences if habitat
quality is to be maintained too (Yli-Pelkonen and Niemelid 2005). Planning tools,
such biotoping, do exist to account for the intrinsic quality of landscape features and
habitats (e.g., Douglas 2011; Lofvenhaft et al. 2002). A biotope is a mappable area
with homogeneous environmental characteristics and biological communities. It also
can be linked with social attributes such as income, home ownership, and ethnicity.
To assess amphibian species responses to urbanization, Hamer and McDonnell
(2008) presented a hierarchical framework; this section extends this framework to
generalize vertebrate responses to urbanization. Four critical components of the
framework are: (1) habitat availability, (2) habitat quality, (3) species availability,
and (4) species responses. The first two components identify key effects of urbani-
zation, whereas, the latter two components are key responses and adaptations to
urbanization (Hamer and McDonnell 2008). Each component has a subset of attri-
butes that can influence vertebrate species richness and community structure. For
instance, habitat loss, fragmentation, isolation and restoration affect habitat avail-
ability in an urban landscape. Likewise, habitat quality depends on vegetation struc-
ture and composition, patch configuration and context, hydrologic process and
hydroperiods, presence or absence of native and non-native predators and competi-
tors, water quality and pollution, diseases, and human disturbances and climate
change. Important components for species availability include geographic range,
dispersal, and demography. Life history and species attributes, response thresholds,
and metapopulation dynamics play critical roles in species responses (Hamer and
McDonnell 2008). The following subsequent sections use this framework to examine
the effect of urbanization on mammals, birds, amphibians and reptiles, and arthropods.

10.4.3 Mammals

While there are a few studies on mammals in urban landscapes, there are a num-
ber of survival traits that have been identified for mammals in urban landscapes.
Traits include commensalism, omnivory, and being habitat generalists and/or
edge species (Riem et al. 2012). Examples of successful urban mammals include
the raccoon (Procyon loctor), gray squirrels (Sciurus carolinensis), red fox
(Vulpes vulpes), and Norway rat (Rattus norvegicus). As with native plants, native
mammal richness and abundance generally declines with increasing levels of
urbanization because of habitat loss, degradation, and isolation. There are, how-
ever, exceptions. For instance, with moderate levels of urbanization, abundance of
native species may actually increase for different reasons including high habitat
and spatial heterogeneity; altered habitat productivity, predator-prey associations,
and disturbance regimes; and socio-economic factors such as supplemental feeding
(Shochat et al. 2006).
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To highlight the effect on urbanization on mammals, two urban settlements—
Oxford, Ohio, USA, a small urban town in the United States with a human popula-
tion of less than 22,000; and Buenos Aires, Argentina, a large city with a population
of over 2.7 million—were compared. Riem et al. (2012) examined mammals along
an urban-rural gradient in Oxford and observed that the greatest diversity and
richness occurred with moderate levels of urbanization (a similar pattern observed
for birds and butterflies). In fact, 7 of the 11 species inventoried occurred in the
urban matrix. This finding implied that these species were adapting to the urban
environment’s supplemental food sources and additional cover from the built infra-
structure. Overall, mammals responded to the juxtaposition of natural and human
elements rather than the degree of urbanization (indicated by factors such as percent
impervious surface) (Riem et al. 2012). In addition, Riem et al. (2012) reported that
mammalian diversity and richness did not change rapidly but rather gradually with
urban development.

Unlike Riem et al. (2012) and Cavia et al. (2009) observed a linear decline in
species richness and diversity of rodents with increasing urbanization for Buenos
Aires, Argentina. Seven species were sampled. Native species (4) were dominant
on sites with natural vegetation, whereas non-native species (3) were dominant in
shantytowns, industrial sites, and residential neighborhoods. The difference in dis-
tribution was attributed to spatial heterogeneity of the landscape and different urban
environments. Native species richness declined as remnant habitats became more
fragmented, isolated, or destroyed, whereas non-native species richness increased
as new habitats were created with urbanization.

Although the comparison between Riem et al. (2012) and Cavia et al. (2009) is
limited, the two studies illustrate the importance of spatial heterogeneity and land-
scape configuration of the urban matrix as they affect mammal species richness and
diversity. In general, patch density (i.e., different types of land cover and land use
per square kilometer) and edge density (i.e., total length of all edge segments per
hectare) increase, whereas landscape connectivity decreases as the human popula-
tion of a urban landscape increases (Luck and Wu 2002; Wu et al. 2011). Hence,
towns and villages are less spatially heterogeneous than large cities, thus creating a
more hospitable environment for native mammalian species, a pattern that is also
observed for native plant species.

In Melbourne, Australia, van der Ree and McCarthy (2005) report that small,
ground-dwelling mammals are extirpated from urban landscape not only because of
habitat loss, but also simplification. In rural woodlands, fallen logs and branches are
used by small-ground dwelling mammals as protection from predation. In urban
woodlands, these habitat components are often removed for human safety and to
reduce fire risk. This removal increases an individual’s exposure to predation, thus
reducing population density and species richness. Baker et al. (2003) also report on
the effect of predation, principally by the domestic cat (Felis catus), on small mammal
densities. In Bristol, UK, they observe that a cat kills 21 prey items per year. For the
United States, Loss et al. (2013) estimate that free-ranging cats kill 1.4-3.7 billion
birds and 6.9-20.7 billion mammals per year. Obviously not all of these losses occur
in urban and urbanizing landscapes. Nonetheless, cats can kill a significant number
of birds and mammals and significantly affect native species density and richness.
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Native, carnivorous, mammalian species richness generally declines with
urbanization; however, to fully assess the effect of urbanization on carnivores, this
group needs to be divided into apex predators (e.g., large species such as wolves
(Canis lupus)) and mesopredators (Prugh et al. 2009). As with many native species,
apex predators quickly fall “prey” to habitat fragmentation and loss, reduction of land-
scape connectivity, and increase in road density caused by urbanization. By compari-
son, mammalian mesopredators, often omnivores, have adapted well to the highly
fragmented urban landscape and have substantially increased in abundance in the
absence of apex predators (a phenomenon known as mesopredator release) and due
to an increase in food supply (Prugh et al. 2009). This increase of mammalian meso-
predators has shifted trophic structures (Faeth et al. 2005) and has been detrimental
to small prey species—especially ground nesting species—in urban landscapes.

10.4.4 Birds

Birds are the most studied vertebrate in the urban landscape. Marzluff et al. (2001)
reviewed over 100 papers from 1990 to 2000 addressing birds in urban and urbani-
zing landscapes. Even with the high volume of studies that exist, urban effects on
birds still need to be documented more extensively and more widely across regions
in the world, especially in tropics. Furthermore, most studies focus on how avian
community structure and composition changes with urbanization, but offer limited
insights into the causal factors for those changes. This section highlights the salient
patterns of avian species richness and diversity in urban landscapes and the mecha-
nisms driving those patterns.

Patterns of bird species richness and diversity in urban landscapes result from
individual responses as well as habitat quality and availability, and regional meta-
populations. In his analysis of a land-use gradient in Santa Clara County, California,
USA, Blair (1996) observed that native species richness declined and non-native
species increased as sites became more urbanized. Because of the addition of non-
native species, Blair also reported that overall species richness and diversity was
highest in moderate (suburban) levels of urbanization (Fig. 10.5). Although non-
native species contributed to species richness in moderately urbanized sites,
their richness actually declined with increased development. Interestingly, even in
the business district, native species flourished—e.g., the White-throated swift
(Aeronautes saxatalis). A cliff dweller, the swifts are apparently using the tall build-
ings for nesting habitat. Similar observations have been reported for cliff dwelling
raptors such as the Peregrine falcon (Falco peregrinus) and other raptors (e.g.,
Ospreys, Pandion haliaetus) using artificial structures for nest sites. In fact, urban
landscapes can be superior habitats for raptors because they are often free of human
persecution and have high availability of abundant food (Chace and Walsh 2006).

Blair and Johnson (2008) looked more closely at species richness under moderate
level of urbanization to assess potential mechanisms. Studying three locations—
Oxford, Ohio; Saint Paul, Minnesota; and Palo Alto, California, USA—they
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Fig. 10.5 Percentage of studies, by group, showing species richness peaks at three levels of urbani-
zation (Modified from McKinney 2008, p. 166. Published with kind permission of © Springer
2008. All Rights Reserved)

observed that species richness, diversity, and evenness increased with moderate levels
of urbanization and then decreased with more intensive urbanization. Interestingly,
the moderate level of urbanization was also the inflection point for a shift in species
community—the decline of native woodland species and the increase in ubiquitous,
invasive, urban-exploiting species (Blair and Johnson 2008). As in the trend with
plants, this shift to a dominance of invasive, non-native species represented a pattern
of biotic homogenization of species accompanying increases in urbanization. Blair
and Johnson (2008) also observed a shift in functional traits with urban species having
multiple broods per year, nests on buildings, eating seeds, residing year-round, and
tending to be non-territorial. By comparison, woodland species tended to have a
single brood per year; nest in trees, shrubs, and snags; eat insects; migrate; and
display territorial behavior. This pattern, however, changed with biomes (Chace and
Walsh 2006). For instance, in desert landscapes, urban-avian communities were
dominated by species that are seed eaters, ground foraging insectivores, water-
dependent, and crevice-nesting.

In an analysis of habitat quality, structure and spatial pattern, Donnelly and
Marzluff (2006) showed that for bird diversity, habitat quantity was more important
than habitat pattern (e.g., patch shape and size and forest aggregation), and habitat
structure was as important as habitat pattern. In general, retention of native bird species
richness in Seattle, Washington, USA was achieved by limiting urban-land cover to
levels <52 %, and by maintaining tree density (9.8 trees/ha), an evergreen presence
(23 % of forest cover), and a forest not highly fragmented (>64 % aggregated)
(Donnelly and Marzluft 2006).
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10.4.5 Amphibians and Reptiles

Of the world’s vertebrates, amphibians have the greatest proportion of species
(21 %) on the verge of extinction (Stuart et al. 2004). By comparison, the proportion
of endangered species for mammals and birds are 10 and 5 %, respectively. Although
explanations for the world’s decline in amphibians are limited, it is suggested
urbanization is a major factor causing their decline (Hamer and McDonnell 2008).
Unfortunately, the majority of studies examining the effect of urbanization on
amphibians have been conducted primarily for temperate regions; similar studies
need to be conducted for urban landscapes in tropical regions. Nonetheless, Hamer
and McDonnell (2008) and Garden et al. (2007) report that the effect of urbanization
on amphibians ultimately depends on life-history attributes, sensitivity to environ-
mental changes, interspecies interactions, and dispersal requirements of the individual
species composing regional populations.

Many amphibian species have a patchy distribution across landscapes creating a
large network of metapopulations at the regional scale (see Pope et al. 2000).
In addition, many amphibian species require complementary habitats at multiple
scales to complete their complex life cycle. By disrupting dispersal through
the construction of roads, buildings, fences and other barriers, urbanization reduces
the functionality of these patchy networks of metapopulations (Pope et al. 2000).
Consequently, amphibian species richness generally declines with increases in
urbanization primarily due to changes in landscape structure and complexity
(Garden et al. 2007). In their review of the literature on amphibians in urban
and urbanizing landscapes, Hamer and McDonnell (2008) report that landscape
changes include decreases in wetland area and density, increased wetland isola-
tion, as well as decreases in wetland vegetation, forest cover, and other significant
upland habitats.

Because of their broad habitat requirements, some amphibian species persist in
urban landscapes. For instances, Carrier and Beebee (2003) report that the common
frog (Rana temporaria) actually persist better in Britain’s urban and suburban areas
than in rural areas because of the greater abundance of garden ponds, which are
used by frogs for breeding. Even if wetland habitats are present, water quality plays
a critical role in their suitability for amphibians. Pesticides, fertilizers, road salt and
oil, sediments, and heavy metals in stormwater runoff can drastically affect water
quality (Rubbo and Kiesecker 2005). In fact, because of degraded water quality,
urban wetlands may actually act as habitat sinks and possibly deplete regional meta-
populations (McKinney 2002; Battin 2004).

Alteration of hydrologic processes, especially hydroperiod (i.e., the length of
time a waterbody, wetland or stream continuously hold water) by urbanization can
have profound effects on amphibian communities and species richness (Werner
et al. 2007). For instance, Pearl et al. (2005) report that the shift from ephemeral
wetlands to stable permanent wetlands in the Portland, Oregon, USA resulted in a
shift from amphibians with rapid larval development (e.g., long-toed salamander,
Ambystoma macrodactylum) to those species with longer larval development
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(e.g., bullfrog, Rana catesbeiana). Similarly, populations of stream salamanders in
North Carolina, USA have drastically declined with urbanization because of the
increase in magnitude of stream flow and sedimentation due to the increase in
impervious surfaces in watersheds (Price et al. 2006). These and other studies show
that the conservation of amphibians in urban and urbanizing landscapes requires the
prevention of habitat loss and degradation (both aquatic and terrestrial), maintenance
of regional metapopulations, and preservation of connectivity among habitats.

Unlike with amphibians, there is dearth of studies and reviews examining reptile
species richness in urban landscapes. This section uses a global analysis of reptiles
and site-specific studies to discern patterns in urban and urbanizing landscapes. In
their global review of 1,500 reptile species, Bohm et al. (2013) identify a similar
suite of anthropogenic threats associated with amphibians affecting reptiles. They
include habitat loss, degradation, and fragmentation; invasive species; accidental
mortality (e.g., road kills); altered trophic structures; and altered disturbance
regimes. In addition, reptiles are frequently harvested for food and intentionally
killed because of human aversions. However, because of the magnitude and scale of
change, agriculture and logging pose even greater threats to reptiles than urbanization
(Bohm et al. 2013).

To assess the effect of urbanization on amphibian and reptiles, Barrett and Guyer
(2008) examined stream- and riparian- dwelling amphibians and reptiles in eight
catchments in Chattahoochee Watershed of western Georgia, USA. They observed
that amphibian species richness declined, but reptile species richness actually
increased with urbanization of the watershed. Urbanization shifted conditions from
a closed-canopy, shallow-water habitat, favored by salamanders and frogs, to a habitat
characterized by open vegetation and deeper, warmer, and open water, conditions
favored by turtles and snakes. A similar pattern was observed by Hunt et al. (2013)
who reported that percent of urban land use had little effect on the occurrence of
reptiles and individual species. Rather, habitat availability and quality determined
species richness.

Using historic sighting records in wildlife databases, Hamer and McDonnell
(2010) inferred the probability of persistence of amphibians and reptiles in
Melbourne, Victoria, Australia for the period from 1850 to 2006. Their analyses
showed a significant decline in both amphibians and reptiles, but urbanization had a
greater effect on the persistence of reptiles than frogs. As indicated by van der
Ree and McCarthy (2005) for small mammals, habitat simplification was attributed
to the reduced persistence for reptiles. Hamer and McDonnell (2010) reported that
there were fewer fallen logs and a loss of vegetation strata for reptiles in remnant
forest patches to carry out their daily and seasonal activities. Garden et al. (2010)
also report that local habitat composition and structure, as well as landscape
composition and configuration of lowland remnant forests, had the greatest
influence on reptile communities in Brisbane, Australia. They report that species
richness discrepancies among studies were attributed to single-scaled studies as
compared to multiple-scaled studies and to the physiological and behavioral charac-
teristics of the species.
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10.4.6 Arthropods

Arthropods are probably the least understood phylum in the urban landscapes, yet it
is likely that they have the greatest effect on society. They provide critical ecosys-
tems services such as pollination and pest control, while at the same time, they are
considered a bane because of many factors including disease transmission, human
discomfort (e.g., biting, stinging and sucking), and crop and horticultural damage.
Because of the availability of studies, this section focuses principally on insects.

As one might expect with the diversity of insects, there is a range of responses
to urbanization. Mclntyre (2000) identified three groups of arthropods with respect
to different levels of urbanization: (1) rural taxa (not present or low occurrence in
urban landscapes), (2) urban taxa (principally found in urban landscapes or have a
high abundance there), and (3) taxa found abundantly in both rural and urban
landscapes. In her review she also identifies air, water, and thermal pollution as
well as succession development as important drivers not only of arthropod occur-
rences, but also trophic structures. For instance, the urban environment may stress
plants, which respond physiologically, and subsequently change their susceptibility
to herbivores and sucking insects (Schmitz 1996). Similarly, the urban heat island
may enable arthropods to occur at more northern latitudes than otherwise possible
in rural landscapes. Gilbert (1989) reports that habitat age influences arthropod
diversity. In a study of vacant lots, he observes that younger lots have fewer species
and less diversity than older vacant lots, and species taxa and abundance shift from
younger to older lots. Overall, terrestrial arthropod communities in urban environ-
ments (non-native species included) tend to be more diverse than those in rural
environments (Mclntyre 2000). In general, herbivores are more abundant in cities
than rural sites. On the other hand, parasitoids tend to be more abundant in rural
than urban sites. Bennett and Gratton (2012) observe that the occurrence of para-
sitoid wasps is directly related to flower density, but declines as impervious surface
area increases (i.e., less space for gardens). Likewise, generalists tend to occur
more frequently than specialists in cities (e.g., carabid beetles (Niemeli et al. 2002)
and parasitoid wasps (Bennett and Gratton 2012)). For aquatic systems, the diver-
sity of aquatic insects in streams often declines with increasing urbanization
(Jones and Clark 1987).

Although differences in arthropod diversity occur between urban and rural
landscapes, Mclntyre (2000) points out the need to distinguish between numeric
and proportionate changes in arthropod abundance with respect to urban effects.
Numeric change refers to a change in absolute number, whereas proportionate
changes refer to a change in a taxon’s importance in respect to the overall assess-
ment of diversity. With these differences, Mclntyre (2000) hypothesizes the
following patterns: (1) arthropod diversity decreases with increasing air and
water pollution, (2) diversity increases with the age of urbanized area, (3) juxta-
position to native habitats plays an important role for recruitment and dispersal
into new habitats, and (4) diversity of non-native species increases with the age of
urban area.
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10.5 Social-Ecological Perspective on Urban Biodiversity

Humans drive urban systems. As obvious as this statement is, only recently has
there been a concerted effort by ecologists and sociologists to truly examine the
complexity of socio-ecological interactions in urban landscapes (Cilliers 2010;
Kinzig et al. 2005; Liu et al. 2007) (see also Chap. 33). This is not to say that ecolo-
gists have neglected to evaluate how urbanization affects ecological structure and
function (such as biodiversity or how the natural environment is important to social
systems). In fact the literature is replete with studies that examine the ecology in
cities—how urbanization affects the abiotic environment and, in turn, the subsequent
effects on biotic structure and function. A number these studies are highlighted in
the previous sections. This section highlights how social and ecological systems
interact to create patterns of biodiversity—the ecology of the city.

The emphasis on socioeconomic differences as drivers of biodiversity builds on
social science theory that put forward the concept that social and spatial inequalities
may drive patterns of similarity or difference within cities. In North America, work
by Park (1915) and Park et al. (1925) stress that patterns of social, ethnic/racial, and
economic inequality and immigration into cities create different zones that have
unique characteristics with in a city. This focus on distinct zones provides the foun-
dation for social areas analysis, an approach used by geographers to study different
cultural groups and patterns of differentiation and inequality within and across cities
(Shevky and Bell 1955; Drake and Cayton 1945). Contemporary studies using
social areas analysis define socioeconomic status as a composite scale to indicate
patterns of family income, education, occupation, and family structure (Maloney
and Auffrey 2004). These approaches stress the role of economic and sociocultural
changes that lead to distinct and new patterns of urbanization and result in changes
in the spatial pattern of the built environment of cities (Cilliers 2010; Knox 1991).
The concept of environmental justice, which became popularized at the beginning
of the 1980s, starts with discussions about the unequal distribution of environmental
harms like toxic waste, water and air pollution in relation to several socio-economic
groups (Schlosberg 2007). Now, this concept includes biodiversity decline too,
and with respect to urban areas, terms like “biological poverty” have been created
(Melles 2005).

Ecologists have studied the relationship between urban biodiversity and socio-
economic patterns in cities since the 1970s. Schmid’s (1975) study of vegetation in
neighborhoods in Chicago, Illinois, USA, related patterns of tree species richness to
census tract block data for the neighborhoods. Whitney and Adam’s (1980) research
on street and yard trees and Talarchek’s (1990, 1985) study of street trees in New
Orleans are examples of similar studies of street and yard trees that sought to identify
census and other socioeconomic predictors of species richness. Hard (1985) pro-
duced and compared two urban maps of the city of Osnabriick (Germany). One map
represents the socio-economic distribution of the human population and the other
map demonstrates the distribution of plant communities. The comparison reveals that
the both distributions are closely linked. Significantly, all these studies attempted to
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relate patterns of biodiversity to specific types of neighborhoods, thus building on
ideas that were linked to theories about differentiation and spatial patterns in cities.

Since the mid-1980s ecologists and social scientists developed and tested
theories about relationships between urban biodiversity and socioeconomic status.
Palmer (1984) and Richards et al. (1984) studied the vegetation of residential lots in
several Syracuse, New York, USA neighborhoods and developed the concept of
neighborhoods as areas with discrete vegetation shaped by residents and their pre-
ferences, with those preferences shaped in part by socioeconomic status. Burch and
Grove (1993) and Grove and Burch (1997) hypothesized that gender, property
rights, technological change, and other variables might influence urban residents’
decisions about managing urban vegetation and in turn create patterns of difference
in urban vegetation within a city.

A number of models have been proposed to integrate social and ecological patterns
and processes (see Alberti et al. 2003; Grimm et al. 2000; Pickett et al. 2001). These
models build upon a system ecology approach to identify flows of energy, species,
materials, and information across the urban landscape and discern how they
are mediated by different social institutions, cultures, contexts, and human behavior
(Alberti 2008). Nonetheless, they generally are biocentric, focusing primarily on
the effect of social systems on ecological patterns and processes; only to a lesser
extent do they explore how ecological systems influence social patterns and
processes. Morse (2007) and Zipperer et al. (2011) build upon these models by
integrating the concept of complex adaptive systems (Gunderson and Levenson
1997) and structuration theory (Scoones 1999). In doing so, they account for social
and ecological systems that operate differently across spatial and temporal scales,
and how actions and outcomes affect not only the respective systems but also the
feedback loops between systems.

An important component of socio-ecological models is the scale (e.g., broad and
fine) at which decision making processes are made and the subsequent effect on
biodiversity. Kinzig et al. (2005) propose a social gradient similar to the ecological
urban-rural gradient to capture changes in social patterns and processes, and recog-
nized the importance of the scale of management: top-down and bottom-up. Top-
down decisions reflect the broad scale of city-level management strategies and
decisions affecting public lands such as parks, transportation corridors, and street-
trees across a broad scale. In contrast, bottom-up decisions reflect the fine-scale
decisions of private land owners and small-scale actions and outcomes. Although
top-down decisions establish the rules and regulations for land usage and conver-
sions, bottom-up decisions can collectively have a pronounced effect on local struc-
ture and connectivity in a neighborhood that varies by socioeconomic and cultural
characteristics (Kinzig et al. 2005). The combined actions of top-down and bottom-
up decisions across social and ecological gradients create the habitat mosaic and
species distribution in urban landscapes.

In their analysis of socio-ecological drivers of plant and avian biodiversity in the
metropolitan area of Phoenix, Arizona, USA, Hope et al. (2003) and Kinzig et al.
(2005) found median income to be the most significant bottom-up influence on
plant biodiversity in neighborhoods. Higher-income neighborhoods contained a
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greater biodiversity than lower-income neighborhoods in this desert city. Melles
(2005) for Vancouver, Canada and Strohbach et al. (2009) for Leipzig, Germany
observed similar patterns of vegetation and avian biodiversity. In contrast, Grove
et al. (2006) observed lifestyle behavior, as derived from a marketing classification
system called PRIZM, to be a better indicator of vegetation patterns for Baltimore,
Maryland, USA, a temperate city. However, the use of PRIZM data to classify social
systems and their corresponding relationship to ecological structure and function
has not been fully documented and may not be appropriate for cross comparisons of
social systems in different countries (McFarlane 2006).

Andersson et al. (2007) examined the importance of management scale on diver-
sity and subsequently on ecosystem services in Stockholm, Sweden. They focused
on three types of green spaces in Stockholm, Sweden: parks, managed by the city;
cemeteries, generally managed by the Church of Sweden; and allotment gardens,
managed by individuals. Those systems managed by individuals—bottom up man-
agement—had the greatest diversity and abundance of pollinators and a different
suite of seed dispersers and insectivores than systems managed by the city and the
Church of Sweden—top-down management. Scale of management translated into
contrasting ecosystem services for local residents (Andersson et al. 2007).

The effect of bottom-up influence on biodiversity can be considerable and impor-
tant in identifying social feedback loops in socio-ecological systems across institu-
tional scales (Ernstson 2013). For instances, Cilliers et al. (2011) used urban
domestic gardens effectively in the North-West Province, South Africa, a province
with one of the lowest level of quality of life in South Africa, to maximize commu-
nity involvement, increase food production, and conserve adjacent natural grass-
lands by providing an alternative to clearing natural habitats for farming. To enhance
participation by residents, the gardens were placed around houses. After a period of
time, researchers returned to the community and found the gardens removed.
Through discussions with homeowners, researchers learned that planting around a
home conflicted with a cultural belief that the area around houses should be open
and devoid of vegetation. Even though residents benefited from these gardens, the
strong cultural belief of removing vegetation adjacent homes created a negative
feedback to improving the lives of residents and conserving adjacent natural areas.
To address cultural beliefs and other challenges, social and environmental educational
programs were developed to increase residents’ awareness of the costs and benefits
of urban domestic gardens (Cilliers 2010). This example illustrates the complex
relationship between social and ecological interactions in our urban landscapes.

Knowledge of the interplay between social and ecological systems in urban land-
scapes becomes increasingly important as the world population becomes increas-
ingly urban. In fact, the socio-economic systems of an urban landscape influence
not only species richness, but also how species are distributed and how species
coexist (Swan et al. 2011). In urban landscapes, the social factors that directly or
indirectly control and influence biodiversity include (1) ownership and its organiza-
tional structure, (2) access to and control of the land and its resources that species
require; (3) the financial resources and social dynamics (or lack thereof) that affect
management, and (4) the knowledge—traditional and/or academic—used to design
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and manage land cover. Acknowledging the interplay between social and ecological
patterns and processes, and the influence of urban environmental filters (sensu
Williams et al. 2009), Swan et al. (2011) propose the use of a metacommunity
approach to explore how local versus regional processes may shape community
structure and composition by organizing species distributions into two extreme
assemblages—self and facilitated. Self-assemblages are species patterns responding
to disturbances and environments created by humans but species occurrence is not
directly manipulated by humans. Species composition is the consequence of human
activities and decisions about how urban landscapes are physically structured (Swan
et al. 2011). Examples of created or modified habitats by humans include vacant
lots, abandoned properties, roadside verges, railroad beds, and retention ponds (see
Sect. 10.3.2). Both the ecosystem-stress hypothesis (Menge and Southerland 1987)
and the intermediate disturbance hypothesis (Connell 1978) have been used to
explain species occurrence, richness and pattern in these habitats. Nonetheless, it is
the socio-economic context of the decision-making processes, which ultimately
drive the patterns of environmental and social constraints, that creates these assem-
blages (Swan et al. 2011).

Facilitated-assemblages result directly from human placement and manipulation
through landscape design. Socio-economic factors decide and control what species
are present (i.e., desirable) or absent (i.e., undesirable) on a site. The most obvious
habitats are private gardens and lawns (see Sects. 10.3.2 and 10.6.2).

Through maintenance and management, desirable species can survive outside of
their natural ranges and habitats (Swan et al. 2011). Similarly, the environmental
filters, which created self-assemblages, are mediated by humans to create an envi-
ronment conducive for desirable species composition and structure. With facilitated
assemblages, there is a strong social desire for particular species to persist and
undesirable species to be removed (Swan et al. 2011).

10.6 Influence of Landscape Design on Urban Biodiversity

This section reviews the literature on globalized trends in landscape architecture
since the second part of the twentieth century and the consequent effect on biodiver-
sity. Emphasis is given to existing case studies of modern, alternative-ecological
design, which reinforces the reintroduction of native plants into green areas, the
support of native biodiversity and the development of a sense of place.

10.6.1 The Global Extension of European Landscape
Design Styles

The most influential landscape architecture styles, recognized globally, are simpli-
fied versions of English landscape and Gardenesque styles. Primarily during the
Victorian age, these two styles were brought by Europeans to the New World to
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Fig. 10.6 (a) Chatsworth Park in England provides an example of the original English landscape
style. (b) A public park in Adelaide, Australia illustrates the simplification of that style
(Photographed by and published with kind permission of © Maria Ignatieva 2013. All Rights
Reserved)

change the landscape into something familiar to the colonists. The most dramatic
influence was the introduction of numerous non-native plants, birds and mammals,
which often altered the local biodiversity. In fact, the Victorian era was a time of
large-scale exchanges of plants from new lands and introduction of these plants to
private and public gardens (Thacker 1979). Elements such as lawn and carpet flower
beds (as a special display for numerous exotic plants) were popular not only in
European countries but also in all British colonies (such South Africa, Asia, New
Zealand, and Australia).

The English landscape style of the eighteenth century followed the fundamen-
tal designs of the Picturesque Movement, a landscape design approach formulated
and based on the variety and irregularity of nature. By the end of the eighteenth
century and the beginning of nineteenth century, this movement reshaped not only
the English landscape but also much of Europe and colonial countries, regardless
of climatic conditions. This landscape style was characterized by curvilinear
shapes, gentle rises and hills, bright green grass and scattered groves, woodlands
or single deciduous trees, and romantic bridges and pavilions with scenic views.
Frederick Law Olmsted, the famous American landscape architect who is often
referred to as the “father of landscape architecture”, literally created parks around
the world that adhered to the English style. His designs became a widespread,
western approach for designing urban parks (Schenker 2007). Unfortunately,
many modern parks have lost the original intent of the English landscape style and
its symbolism and spirituality, and are represented by a very simplified struc-
ture—lawn with scattered groups of trees and single trees, a pond or lake, and
curvilinear pathways (Fig. 10.6).

The Gardenesque style, which succeeded the Picturesque Movement, had even a
greater influence on Western landscape architecture style than the English land-
scape style. The Gardenesque style evolved during the industrial revolution in
Europe and the Victorian era, and was characterized by artificiality and extrava-
gancy, which was directly opposite of the English landscape style, which celebrated
naturalness (Zuylen 1995). The Gardenesque style, typified by eclecticism in
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Fig. 10.7 Modern examples of flowerbeds across the world that illustrate the Gardenesque land-
scape style. Photographs shown are from (a) Mumbai, India; (b) Shanghai, China; and (c¢) Brisbane,
Australia (Photographed by and published with kind permission of © Maria Ignatieva 2013. All
Rights Reserved)

architectural and landscape styles, preferred the use of non-native plants, the devel-
opment of botanical-garden displays, and the occurrence of glasshouses with
unusual palms, ferns, cacti, and other tropical and subtropical plants. Eclecticism in
landscape style means the integration of different traditions of formal gardens with
their straight lines and topiaries, and the introduction of unusual or exotic buildings
and plants. Current examples of Gardenesque gardens across the world are a simpli-
fied version of those from the Victorian time. Most of these gardens have lost the
original style and innovative character of their historical cousins. Today, these gar-
dens are characterized by ‘pretty’, ‘tidy’, ‘colorful” and ‘beautiful’ homogeneous
landscapes based on non-native plants. Examples can found in temperate as well as
tropical climates (Fig. 10.7).

10.6.2 Globalization of Plant Material

The ubiquity of Gardenesque style gardens throughout the world has actually cre-
ated a market of available plant material that is quite similar worldwide. Ignatieva
(2011) analyzed nursery catalogs from temperate zones in the United States, New
Zealand, Russia, Germany, and found a high degree of similarity among available
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plant material regardless of location. This homogeneity, deemed “unification” of
plant material on a global scale, results from planting designs creating a pool of
“chosen” plants. Favorable “chosen” plants in temperate zones were European
deciduous trees and shrubs and some “fashion” conifers. These global plants can be
linked to English landscape and Gardenesque garden styles at the end of the nine-
teenth and beginning of the twentieth centuries. Popular plants included pines
(Pinus spp.), spruce (Picea spp.), Lawson cypress (Chamaecyparis lawsoniana
cultivars), junipers (Juniperus spp.), cedars (Thuja spp.), birches (Betula spp.),
cherries (Prunus spp.), willows (Salix spp.), poplars (Populus spp.), oaks (Quercus
spp.), elms (Ulmus spp.), maples (Acer spp.), ashes (Fraxinus spp.), and rhododen-
drons (Rhododendron spp.). For annual flowerbed displays of the global Gardenesque
gardens, favorites included marigolds (Tagetes spp.), petunias (Petunia spp.), violets
(Viola spp.), and geraniums (Pelargonium spp.). Likewise, common grass cultivars
of the European lawn included English ryegrass, Kentucky bluegrass, common
bent, and red fescue (Ignatieva 2011).

Unlike the temperate zone, there is a lack of data on what kinds of decorative
ornamental plants are being used in urban green areas in tropical countries; only
recently are inventories are being collected for these green spaces. For instance,
Abendroth at al. (2012) report that over 80 % of woody plants in parks of Bandung,
Indonesia are non-native species. In the southern Indian city of Bangalore, Nagendra
and Gopal (2011) report 77 % of urban park trees are non-native. A similar pattern
has also been reported for Rio de Janeiro, Brazil (Santos et al. 2010). Common
plants across the tropics include palms, South American bougainvilleas
(Bougainvillea spp.), Chinese hibiscus (Hibiscus rosa-sinensis), South-East Asian
orchids, African bird of paradise (Strelitzia reginae), South American frangipanis
(Plumeria spp.), and Australian Casuarina (Casuarina spp.) (McCracken 1997,
Soderstrom 2001). Regardless of climate, temperate or tropical, studies reveal a
common pattern of using non-native over native species in landscape designs
because of ornamental qualities rather than ecological function (Quigley 2011).
Nevertheless, there is an ecological movement within the nursery business to grow
more native species.

10.6.3 Trends Towards Landscape Design
Supporting Biodiversity

Most European urban parks, gardens and other landscape architecture types are
based on indigenous flora and alien ornamentals introduced since the sixteenth cen-
tury. Of the ornamentals only a small percentage (approximately 11 %) became
invasive and competed with native species. This pattern of using indigenous species
in parks differed on other continents, especially in the Southern Hemisphere because
of European colonization. In European colonies, non-native species, imported from
the colonizing country, were used rather than indigenous flora when creating parks
and gardens. Conducive climate, absence of natural control agents and (in many
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cases) broad species niches facilitated the spread of non-native species, which
dramatically changed native landscapes and ecosystems. New Zealand, especially,
exhibits dramatic examples of native ecosystems loss. Today, the number of natura-
lized, non-native plants is the same as the number of indigenous vascular plants
(2,500). Over 20,000 non-native species have been introduced since colonization.
The speed with which the New Zealand native biota has been suppressed
is unprecedented (Meurk 2007). Even the use of the term “native biodiversity” is
problematic because of the large number of non-natives occupying native ecosys-
tems (Meurk and Swaffield 2007). The native flora is particularly decimated in
urban environments.

A consequence of globalization of landscape design is the process of homogeni-
zation of cultures, environments, and biodiversity. Today’s urban environments with
similar urban planning structure; architectural buildings; public parks and gardens;
plants; networks of shops, hotels, and restaurants; and standardized food form one
of the most important parts of a homogenized global culture. Likewise, the use of
unified products from commercial nurseries results in a homogenization of the
urban environment and a suppression of local biodiversity in both temperate and
tropical climatic zones (Ignatieva 2011).

Comprehending the role of urban biodiversity as a crucial element of the urban
ecosystems and an important component of a region’s ecological and cultural
identity, landscape designers and planners are incorporating more native species
into landscape and park designs. Likewise, ecologists are realizing that gardens (and
not just large conservation areas) may play a critical role for native species refuge
in the advent of climate change by facilitating migration and seed dispersal (Goddard
et al. 2009; Rudd et al. 2002). Nonetheless, because of developmental history and
colonization patterns, approaches to urban biodiversity design differ between
Europe and the rest of the world at the beginning of the twenty-first century. The
European approach can be summarized as following: reintroduce native biodiver-
sity, design with natural processes, and plant as many spaces as possible to increase
biodiversity (using even very small biotopes) within the urban environment. By
comparison, because of its colonization history, the Southern Hemisphere approach
can be summarized as following: redevelop designs based on local climatic and
historical traditions with an emphasis of revegetation with indigenous plants;
manage sites intensively (even vacant lots and derelict lands) to control non-native
species and pests; and increase native biodiversity whenever possible (Miiller and
Werner 2010).

The incorporation of native biodiversity into new and existing parks and land-
scape designs is an important element of an integrated holistic approach to create
sustainable urban infrastructure. For instance, green corridors along highways,
railways, bikeways or riparian zones and park infrastructure fulfill multiple func-
tions in addition to enhancing biodiversity. Connecting green areas not only creates
recreational networks by linking different social elements, but also ecological net-
works by linking remnant patches of vegetation and native ecosystems (Florgard
2009; Swaffield et al. 2009). Table 10.1 shows a compilation of activity examples
using approaches of urban design for biodiversity across the world.
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Table 10.1 Global examples of landscape design to enhance native biodiversity

Country Activity examples Source
Argentina Indigenous plantings and restoration Burguefio et al. (2005); Bernata
(2007)
Public green areas and modern Faggi and Madanes (2008); Faggi
private gardens and Ignatieva (2009)
Australia Indigenous species gardens Urquhart (1999)
Brazil Landscape ecological planning Herzog (2008)
Green infrastructure and sustainability ~ Frischenbruder and Pellegrino (2006)
Indigenous plantings and restoration Vaccarino (2000); Chacel (2001)
Germany Urban biotope mapping Sukopp and Weiler (1988)
Go Spontaneous Kuhn (2006)
New Zealand ~ Low Impact Urban Design Ignatieva et al. (2008)
and Development
Plant signatures
Going native: indigenous biodiversity Spellerberg and Given (2004)
South Africa Native gardens Cilliers et al. (2011)
Sweden Conservation of remnant vegetation Florgard (2007, 2009); Swaffield
et al. (2009)
Perennial beds vs. annual beds Ignatieva (2011)
Pictorial meadows
United London Biodiversity Partnership Beatley (2000)
Kingdom  “Naturalistic” plant communities Hitchmough (2004); Dunnett (2008)

United States

Pictorial meadows
Low Impact Development: Portland,

Eason et al. (2003); Weinstein

Oregon, Chicago, Illinois and English (2008)
Prairie Restoration Nassauer (1995)
Backyard Conservation; Going Native USDA NRCC (1998)

Xericscaping

Knopf et al. (2002)

Most new and innovative design concepts—such as developing a new land-

scape architecture style, Biodiversinesque—can be used as a powerful visual tools
for reinforcing urban biodiversity and making urban biodiversity more visible and
recognizable for the general public in everyday life (Ignatieva and Ahrné 2013).
In fact, the most recent trend in landscape design is to include not only native
plant species but also insects, invertebrates and birds to mimic native ecosystems
(Barnett 2008).

10.7 Biological Hotspots and Urban Landscapes

Because of the confluence of habitats and geomorphology, urban settlements often
occur in biological hotspots—sites with high biological diversity. A compiled data-
base (Aronson et al. 2012, and hereafter referred to as the NCEAS database)
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provides an opportunity to look at patterns of native and non-native species in bio-
diversity hotspots (for further discussion on the global confluence of urbanization
and biodiversity hotspots, see Chap. 3). Myers et al. (2000) identified 25 global
biodiversity hotspots, defined as regions that had greater than 1,500 endemic spe-
cies of vascular flora and where more than 70 % of habitat had been lost. There has
been considerable debate in the conservation community as to the ecological and
management-based justifications for designating hotspots, however the recognition
that certain areas in the world support high levels of biodiversity and that many of
these areas are under threat is accepted as valid (Jepson and Canney 2001). Cincotta
et al. (2000) and Cincotta and Engleman (2000) reported that there are 146 cities in
or directly adjacent to biodiversity hotspots, and 62 of these cities have over one
million people. The large number of cities located in or adjacent to global hotspots
and the potential for rapid urbanization in global hotspots and associated threats to
biodiversity are both justifications for understanding patterns of biodiversity
global hotspots. For a discussion of projected expansion of urban areas in relation
to biodiversity hotspots, see Chap. 22.

Much of the literature on cities in biodiversity hotspots focuses on impacts of
urbanization on protected areas, emphasizing the potential decline in species rich-
ness and extirpation of some species as urban areas expand (McDonald et al.
2008) (Chap. 3). However, only a small number of studies have looked at specific
case studies of individual cities within hotspots. For instance, the NCEAS data-
base on birds and plants for 25 cities occurring in biodiversity hotspots as defined
by Conservation International identified that nine hotspot regions within the
Mediterranean Basin contained the largest number of cities (Table 10.2) (Aronson
et al. 2012).

Native species dominated the avifauna of the cities in biodiversity hotspots in the
NCEAS database, with native species comprising greater than 85 % of all species in
13 of 15 cities where bird data were available. Only cities in New Zealand had fewer
than 55 % native bird species. A similar pattern was observed among the 12 cities
with plant data that occurred in biological hotspots. Greater than 75 % of species
were native, with the exception of the East Afromontane city (Bujumbura, Burundi)
and the New Zealand cities (Auckland and Hamilton) (Table 10.2) (Fig. 10.8). The
NCEAS database contains only a few cities from Africa, Latin America and the
Caribbean, and Southeast Asia and the Pacific Islands. The Garcillan et al. (2009)
study of Ensenada, Mexico provides insights into patterns of plant diversity in
Central America. They report that 61 % of the vascular plant species found in arroyo
(dried river beds) and vacant lot habitats are non-native species. Ensenada has expe-
rienced rapid growth and expansion typical of cities in the global south and had a
higher percentage of non-native species than reported cities in the same biogeo-
graphic realm in the United States. Garcilldn et al. (2009) suggest that rapid urban-
ization from recent population growth has resulted in a loss of remnant habitats and
an associated increase in the proportion of non-native plant species. Similar changes
may occur in rapidly developing cities (see Chap. 3).


http://dx.doi.org/10.1007/978-94-007-7088-1_3
http://dx.doi.org/10.1007/978-94-007-7088-1_22
http://dx.doi.org/10.1007/978-94-007-7088-1_3
http://dx.doi.org/10.1007/978-94-007-7088-1_3
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Fig. 10.8 Cities with data on plant species richness, bird species richness, and number of native
and non-native plant and bird species. Richness data are grouped by biogeographical realm (From
Aronson et al. 2012)

10.8 Conclusions

Species patterns and assemblages presented here reveal that social and ecological
systems of the urban landscape are interconnected and form the observed patterns
of biodiversity. Changes in the social context in urban landscapes often result in
changes in ecological structure and function, and ultimately, urban biodiversity.
Although generalizations about the effect of urbanization on biodiversity are often
made, actual patterns can vary by region, biomes, and city history. Similarly, a species
occurrence may vary among cities within a biome because of habitat availability,
habitat quality, species availability, species adaptability, and site history. Nonetheless,
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urbanization does cause a loss of native biodiversity. This loss of biodiversity
increases human vulnerability to natural calamities and reduces our resilience to
those events. Likewise, the benefits of this biodiversity have only recently been
linked to human health and well-being (see Chap. 11).

Even though we know that biodiversity is essential for human health and well-
being, vital ecosystems are lost or destroyed and species are extirpated as cities
continue to expand because of a burgeoning human population. These losses, how-
ever, occur unnecessarily. Current knowledge of ecosystem patterns and processes
linked with landscape design, as detailed in this chapter, enables not only planners
and managers but also individuals to build sustainable landscapes for humans as well
as flora and fauna. Sustainable designs can be implemented at fine-scales through
bottom-up planning as well as broad-scale through top-down planning (see Chap. 23
for discussion of urban governance for biodiversity and ecosystem services).
Nonetheless, rapid human population growth as well as a basic lack of education
resources available to a large portion of the world’s population are major barriers to
sustainability and implementation of these designs and practices. If the link between
humans and nature is continuously re-established through actions across scales, the
urban matrix can be sustained as a livable landscape for all species.
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Chapter 11
Urban Ecosystem Services
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Abstract We explore the potential of urban ecosystem services for improving
resilience and quality of life in cities. First, we classify and categorize important
ecosystem services and disservices in urban areas. Second, we describe a range of
valuation approaches (cultural values, health benefits, economic costs, and resilience)
for capturing the importance of urban ecosystem service multiple values. Finally,
we analyze how ecosystem service assessment may inform urban planning and gov-
ernance and provide practical examples from cities in Africa, Europe, and America.
From our review, we find that many urban ecosystem services have already been
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identified, characterized and valued, and have been found to be of great value and
importance for human well-being and urban resilience. We conclude that the use of
the concept of urban ecosystem services can play a critical role in reconnecting
cities to the biosphere, and reducing the ecological footprint and ecological debt of
cities while enhancing resilience, health, and quality of life of their inhabitants.

11.1 Reconnecting Cities to the Biosphere

Cities are interconnected globally through political, economic, and technical systems,
and also through the Earth’s biophysical life-support systems (Jansson 2013). Cities
also have disproportionate environmental impacts at the local, regional, and global
scales well beyond their borders (Grimm et al. 2000, 2008; Seto et al. 2012), yet they
provide critical leadership in the global sustainability agenda (Folke et al. 2011).
Although urbanized areas cover only a small portion of the surface of the planet,
they account for a vast share of anthropogenic impacts on the biosphere. Still, the
impacts of urbanization on biodiversity and ecosystems as well as the potential
benefits from ecosystem restoration in urban areas remain poorly understood (see
e.g., McDonald and Marcotullio 2011). For further discussion on urban restoration
ecology, also see Chap. 31.

11.1.1 Ecology of vs. Ecology in Cities

Cities appropriate vast areas of functioning ecosystems for their consumption and
waste assimilation (see Chaps. 2 and 26). Most of the ecosystem services consumed
in cities are generated by ecosystems located outside of the cities themselves, often
half a world away (Rees 1992; Folke et al. 1996; Rees and Wackernagel 1996;
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Deutsch and Folke 2005, see Chap. 2). Folke et al. (1997) estimated that the 29 largest
cities in the Baltic Sea Drainage Basin, taking into account only the most basic
ecosystem services such as food production and assimilation of nitrogen and carbon,
appropriate ecosystem areas equivalent to the size of the entire drainage basin, several
hundred times the area of the cities themselves (Chap. 26). Thus, our analysis
needs to go beyond what is sometimes referred to as “the ecology in cities” (Niemeld
et al. 2011), which often focuses on single scales and on designing energy-efficient
buildings, sustainable logistics, and providing inhabitants with functioning green
urban environments, to put more focus on “the ecology of cities” characterized by
interdisciplinary and multiscale studies with a social-ecological systems approach
(Grimm et al. 2000; Pickett et al. 2001, see also Chap. 3). This framework acknow-
ledges the total dependence of cities on the surrounding landscape and the links
between urban and rural, viewing the city as an ecosystem itself (Grimm et al.
2008). We need to be concerned with the generation potential, not only to uphold
and safeguard the well-being of city inhabitants, but also to effectively manage the
potential of cities as arenas for learning (this aspect is discussed in detail in Chap. 30),
development, and transformation.

11.1.2 Urban Ecosystems and Ecological Infrastructure

Definitions of urban areas and their boundaries vary between countries and regions
(for a discussion on “What is urban?” see Chap. 1). The focus of this chapter is on
the services and benefits provided by urban ecosystems, defined here as those areas
where the built infrastructure covers a large proportion of the land surface, or as
those in which people live at high densities (Pickett et al. 2001). In the context of
urban planning, urban ecosystems are often portrayed as embedding both the built
infrastructure and the ecological infrastructure. The concept of ecological infra-
structure captures the role that water and vegetation in or near the built environment
play in delivering ecosystem services at different spatial scales (building, street,
neighborhood, and region). It includes all ‘green and blue spaces’ that may be found
in urban and peri-urban areas, including parks, cemeteries, gardens and yards, urban
allotments, urban forests, single trees, green roofs, wetlands, streams, rivers, lakes,
and ponds (EEA 2011). Defining clear boundaries for urban ecosystems often
proves difficult because many of the relevant fluxes and interactions necessary to
understand the functioning of urban ecosystems extend far beyond the urban boun-
daries defined by political or biophysical reasons. Thus, the relevant scope of urban
ecosystem analysis reaches beyond the city area itself; it comprises not only the
ecological infrastructure within cities, but also the hinterlands that are directly
affected by the energy and material flows from the urban core and suburban lands
(Pickett et al. 2001, p. 129), including city catchments, and peri-urban forests and
cultivated fields (La Rosa and Privitera 2013). Whilst virtually any ecosystem is
relevant to meet urban ecosystem service demands, the focus here is on services
provided within urban areas.


http://dx.doi.org/10.1007/978-94-007-7088-1_2
http://dx.doi.org/10.1007/978-94-007-7088-1_26
http://dx.doi.org/10.1007/978-94-007-7088-1_3
http://dx.doi.org/10.1007/978-94-007-7088-1_30
http://dx.doi.org/10.1007/978-94-007-7088-1_1

178 E. Gémez-Baggethun et al.
11.2 Classifying Urban Ecosystem Services

In recent years a mounting body of literature advanced our understanding of
urban ecosystem services in their biophysical, economic, and socio-cultural
dimensions. Furthermore, urban ecosystem services were addressed by major
initiatives like the Millennium Ecosystem Assessment (Chapter 27 in MA 2005)
and The Economics of Ecosystems and Biodiversity (TEEB 2011), and also have
received increasing attention as part of the policy debate on ecological infrastruc-
ture. Yet, despite the fact that more than half of the world’s population today lives
in cities, the attention given to urban ecosystems in the ecosystem services litera-
ture has yet been relatively modest as compared to other ecosystems like wet-
lands or forests. This section aims at classifying and describing ecosystem
services provided in urban areas and how these may contribute to increase qual-
ity of life in cities.

Building on previous categorizations of ecosystem services (Daily 1997; de Groot
etal. 2002), the Millennium Ecosystem Assessment (MA 2005) and The Economics
of Ecosystem Services and Biodiversity (TEEB 2010) grouped ecosystem services
in four major categories: provisioning, regulating, habitat, and cultural and ame-
nity services (TEEB 2010) (Fig. 11.1). Provisioning services include all the mate-
rial products obtained from ecosystems, including genetic resources, food and
fiber, and fresh water. Regulating services include all the benefits obtained from
the regulation by ecosystem processes, including the regulation of climate, water,
and some human diseases. Cultural services are the non-material benefits people
obtain from ecosystems through spiritual enrichment, cognitive development,
reflection, recreation, and aesthetic experience as well as their role in supporting
knowledge systems, social relations, and aesthetic values. Finally, supporting or
habitat services are those that are necessary for the production of all other ecosys-
tem services. Examples include biomass production, nutrient cycling, water
cycling, provisioning of habitat for species, and maintenance of genetic pools and
evolutionary processes.

Because different habitats provide different types of ecosystem services, general
classifications need to be adapted to specific types of ecosystems. Urban ecosys-
tems are especially important in providing services with direct impact on human
health and security such as air purification, noise reduction, urban cooling, and run-
off mitigation. Yet, which ecosystem services in a given scale are most relevant
varies greatly depending on the environmental and socio-economic characteristics
of each geographic location. Below we provide a classification and description of
important ecosystem services provided in urban areas using the Millennium
Ecosystem Assessment and the TEEB initiative as major classification frameworks,
and drawing on previous research on the topic (e.g., Bolund and Hunhammar 1999;
Goémez-Baggethun and Barton 2013).
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Fig. 11.1 Classification of ecosystem services based on the Millennium Ecosystem Assessment
(MA 2005) and the Economics of Ecosystems and Biodiversity initiative (TEEB 2012) (Produced
by Gémez-Baggethun 2013 with icons designed by Jan Sasse for TEEB. Icons reproduced from
Jan Sasse for TEEB. Published with kind permission of © Jan Sasse and TEEB 2013. All Rights
Reserved)

11.2.1 Provisioning Services

11.2.1.1 Food Supply

Urban food production takes place in peri-urban farm fields, on rooftops, in back-
yards, and in community gardens (Andersson et al. 2007; Barthel et al. 2010).
In most geographical contexts, cities only produce a small share of the food they
consume, depending largely on other areas to meet their demands (Folke et al. 1997;
Ernstson et al. 2010). In some geographical areas and in particular periods, how-
ever, food production from urban agriculture can play an important role for food
security, especially during economic and political crises (Smit and Nasr 1992;
Moskow 1999; Page 2002; Buchmann 2009; Barthel et al. 2011; Barthel and
Isendahl 2013). Altieri et al. (1999) estimated that in 1996 food production in urban
gardens of Havana included 8,500 t of agricultural products, 7.5 million eggs and
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3,650 t of meat. Moustier (2007) provides an extensive summary of the importance
of urban agriculture in 14 African and Asian cities. Among the results they found
that 90 % of all vegetables consumed in Dar es Salaam (Jacobi et al. 2000) and 60 %
of vegetables consumed in Dakar (Mbaye and Moustier 2000) originate from urban
agriculture. With regards to staple foods such as rice, plantain banana, and maize,
the situation is highly variable among cities. In Asia, the share of rice supplied by
the city to urban residents ranges from 7 % (in Phnom Penh) to 100 % (in Vientiane,
where pressure on land is low); Hanoi is an intermediary case with 58 % (Anh 2004;
Ali et al. 2005). For a detailed examination of the connection between urbanization
and food systems, see Chap. 26.

11.2.1.2 Water Supply

The growth of cities throughout the world presents new challenges for securing
water to meet societal needs (Fitzhugh and Richter 2004). Ecosystems provide cities
with fresh water for drinking and other human uses and by securing storage and
controlled release of water flows. Vegetation cover and forests in the city catchment
influences the quantity of available water (for a global overview of cities’ relationships
with freshwater ecosystem services, see Chap. 3). One of the most widely cited
examples of the importance of functioning ecosystems for city water supply is the
New York City Watershed. This watershed is one of New York State’s most impor-
tant natural resources, providing approximately 1.3 billion gallons of clean drinking
water to roughly nine million people every day. This is the largest unfiltered water
supply in the United States (Chichilnisky and Heal 1998). Another example is the
Omerli Watershed outside Istanbul, Turkey. The Omerli Watershed is the most
important among the seven Mediterranean watersheds that provides drinking water
to Istanbul, a megacity with over ten million people. The watershed, however, is
threatened by urban development in and around its drinking water sources, and it
faces acute, unplanned pressures of urbanization with potentially serious impacts on
water quality and biodiversity (Wagner et al. 2007). For a detailed assessment on
Istanbul, including further discussion on the Omerli Watershed, see Chap. 16.

11.2.2 Regulating Services

11.2.2.1 Urban Temperature Regulation

Ecological infrastructure in cities regulates local temperatures and buffers the
effects of urban heat islands (Moreno-Garcia 1994). For example, water areas buffer
temperature extremes by absorbing heat in summertime and by releasing it in win-
tertime (Chaparro and Terradas 2009). Likewise, vegetation reduces temperature in
the hottest months through shading and through absorbing heat from the air by
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evapotranspiration, particularly when humidity is low (Bolund and Hunhammar
1999; Hardin and Jensen 2007). Water from the plants absorbs heat as it evaporates,
thus cooling the air in the process (Nowak and Crane 2000). Trees can also regulate
local surface and air temperatures by reflecting solar radiation and shading surfaces,
such as streets and sidewalks that would otherwise absorb heat. Decreasing the heat
loading of the city is among the most important regulating ecosystem services trees
provide to cities (McPhearson 2011).

11.2.2.2 Noise Reduction

Traffic, construction, and other human activities make noise a major pollution
problem in cities, affecting health through stress. Urban soil and plants can attenuate
noise pollution through absorption, deviation, reflection, and refraction of sound
waves (Aylor 1972; Kragh 1981; Fang and Ling 2003). In row plantings of trees,
sound waves are reflected and refracted, dispersing the sound energy through the
branches and trees. It has also been shown that different plant species mitigate noise
differently (see e.g., Ishii 1994; Pathak et al. 2007). Empirical research has found
that vegetation factors important for noise reduction include density, width, height
and length of the tree belts as well as leaf size and branching characteristics. For
example, the wider the vegetation belt, the higher the density, and the more foliage
and branches to reduce sound energy, the greater the noise reduction effect (Fang
and Ling 2003). Noise reduction is also affected by factors beyond the characteristics
of vegetation. For example, climate influences the velocity of sound propagation
(Embleton 1963) and noise attenuation increases with distance between the source
point and the receiver due to friction between atmospheric molecules when sound
progresses (Herrington 1976).

11.2.2.3 Air Purification

Air pollution from transportation, industry, domestic heating, and solid urban waste
incineration is a major problem for environmental quality and human health in the
urban environment; it leads to increases in respiratory and cardiovascular diseases.
Vegetation in urban systems can improve air quality by removing pollutants from
the atmosphere, including ozone (Os), sulfur dioxide (SO,), nitrogen dioxide (NO,),
carbon monoxide (CO) and particulate matter less than 10 pm (PM10) (Nowak
1994a; Escobedo et al. 2008). While significant differences in performance have
been found between plant species (e.g., between deciduous and evergreen species),
urban trees have been shown to be especially important in intercepting air pollutants
(Aylor et al. 2003). The distribution of different particle size fractions can differ
both between and within species and also between leaf surfaces and in waxes
(Dzierzanowski et al. 2011). Removal of pollution takes place as trees and shrubs
filter out airborne particulates through their leaves (Nowak 1996). Performance of
pollution removal also follows daily variation because during the night the plant
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stomata are closed and do not absorb pollutants, and monthly variation because of
the changes in light hours and because of the shedding of the leaves by deciduous
forest during the winter.

11.2.2.4 Moderation of Climate Extremes

Climate change is increasing the frequency and intensity of environmental extremes;
this poses increasing adaptation challenges for cities, especially for those located in
coastal areas (Meehl and Tebaldi 2004; Zahran et al. 2008). In Europe, heat waves
have been the most prominent hazard with regards to human fatalities in the last
decade. The European 2003 heat wave, for example, accounted for more than
70,000 excess deaths (EEA 2010). Ecological infrastructure formed by mangroves,
deltas and coral reefs can act as natural barriers that buffer cities from extreme climate
events and hazards, including storms, heat waves, floods, hurricanes, and tsunamis;
this infrastructure can drastically reduce the damage caused to coastal cities (Farber
1987; Danielsen et al. 2005; Kerr and Baird 2007). Vegetation also stabilizes the
ground and reduces the likelihood of landslides. Devastating effects caused by
events like the Indian Ocean Tsunami in 2004 and Hurricane Katrina in 2005 have
led a number of scientists to call for a new vision in risk management and vulnera-
bility reduction in cities, based on wise combinations in the use of built infrastruc-
ture (e.g., levees) and ecological infrastructure (e.g., protective role of vegetation)
(Danielsen et al. 2005; Depietri et al. 2012).

11.2.2.5 Runoff Mitigation

Increasing the impermeable surface area in cities leads to increased volumes of
surface water runoff, and thus increases the vulnerability to water flooding.
Vegetation reduces surface runoff following precipitation events by intercepting
water through the leaves and stems (Villarreal and Bengtsson 2005). The underlying
soil also reduces infiltration rates by acting as a sponge by storing water in the pore
spaces until it percolates as through-flow and base-flow. Urban landscapes with
50-90 % impervious cover can lose 40-83 % of rainfall to surface runoff compared
to 13 % in forested landscapes (Bonan 2002). Interception of rainfall by tree canopies
slows down flooding effects and green areas reduce the pressure on urban drainage
systems by percolating water (Bolund and Hunhammar 1999; Pataki et al. 2011).
Street trees in New York, for instance, intercept 890 million gallons of stormwater
annually (Peper et al. 2007). Other means of reducing urban stormwater runoff
include linear features (bioswales), green roofs, and rain gardens (Clausen 2007,
Shuster et al. 2008). For example, green roofs can retain 25-100 % of rainfall,
depending on rooting depth, roof slope, and the amount of rainfall (Oberndorfer
et al. 2007). Also, green roofs may delay the timing of peak runoff, thus lessening the
stress on storm-sewer systems. Rain gardens and bioretention filters can also reduce
surface runoff (Clausen 2007; Villarreal and Bengtsson 2005; Shuster et al. 2008).
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11.2.2.6 Waste Treatment

Ecosystems filter out and decompose organic wastes from urban effluents by storing
and recycling waste through dilution, assimilation and chemical re-composition
(TEEB 2011). Wetlands and other aquatic systems, for example, filter wastes from
human activities; this process reduces the level of nutrients and pollution in urban
wastewater (Karathanasis et al. 2003). Likewise, plant communities in urban soils
can play an important role in the decomposition of many labile and recalcitrant
litter types (Vauramo and Setéld 2010). In urban streams, nutrient retention can be
increased by adding coarse woody debris, constructing in-channel gravel beds, and
increasing the width of vegetation buffer zones and tree cover (Booth 2005).

11.2.2.7 Pollination, Pest Regulation and Seed Dispersal

Pollination, pest regulation and seed dispersal are important processes in the func-
tional diversity of urban ecosystems and can play a critical role in their long term
durability (Andersson et al. 2007). However, pollinators, pest regulators and seed
dispersers are threatened by habitat loss and fragmentation due to urban develop-
ment and expansion. In this context, allotment gardens (called community gardens
in North America, i.e. a plot of land made available for individual, non-commercial
gardening), private gardens and other urban green spaces have been shown to be
important source areas (Ahrné et al. 2009). Also, research in urban ecosystem
services shows that a number of formal and informal management practices in allot-
ment gardens, cemeteries and city parks promote functional groups of insects that
enhance pollination and bird communities, which in turn enhance seed dispersal
(Andersson et al. 2007). To manage these services sustainably over time, a deeper
understanding of how they operate and depend on biodiversity is crucial (Nelson
et al. 2009). Jansson and Polasky (2010) have developed a method for quantifying
the impact of change in pollination potential in the regional urban landscape. Their
results indicate that while the impact of urban development on the pollination
service can be modest, the erosion of the resilience of the service, measured through
change in response diversity, could be potentially high. For discussion on response
diversity see Elmgvist et al. (2003).

11.2.2.8 Global Climate Regulation

Because urban areas exhibit multiple artificial surfaces and high levels of fossil fuel
combustion, climate change impacts may be exacerbated in cities (Meehl and
Tebaldi 2004). Emissions of greenhouse gases in cities include carbon dioxide
(CO,), methane (CH,), nitrous oxide (NO,), chlorofluorocarbons (CFCs), and tropos-
pheric ozone (Os). Urban trees act as a sinks of CO, by storing excess carbon as
biomass during photosynthesis (Birdsey 1992; Jo and McPherson 1995; McPherson
and Simpson 1999). Because the amount of CO, stored is proportional to the biomass
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of the trees, increasing the number of trees can potentially slow the accumulation of
atmospheric carbon in urban areas. Thus an attractive option for climate change
mitigation in cites is tree-planting programs. The amount of carbon stored and
sequestered by urban vegetation has often been found to be quite substantial, for
instance, 6,187 t/year in Barcelona (Chaparro and Terradass 2009) and 16,000 t/year
in Philadelphia (Nowak et al. 2007b). Urban soils also act as carbon pools (Nowak
and Crane 2000; Pouyat et al. 2006; Churkina et al. 2010). Yet, the amount of carbon
a city can offset locally through ecological infrastructure is modest compared to over-
all city emissions (Pataki et al. 2011).

11.2.3 Cultural Services

11.2.3.1 Recreation

Because city environments may be stressful for inhabitants, the recreational aspects
of urban ecosystems are among the highest valued ecosystem service in cities
(Kaplan and Kaplan 1989; Bolund and Hunhamar 1999; Chiesura 2004; Konijnendijk
et al. 2013). Parks, forests, lakes and rivers provide manifold possibilities for recre-
ation, thereby enhancing human health and well-being (Konijnendijk et al. 2013).
For example, a park experience may reduce stress, enhance contemplativeness, reju-
venate the city dweller, and provide a sense of peacefulness and tranquility (Kaplan
1983). The recreational value of parks depends on ecological characteristics such as
biological and structural diversity, but also on built infrastructure such as availability
of benches and sport facilities. The recreational opportunities of urban ecosystems
also vary with social criteria, including accessibility, penetrability, safety, privacy
and comfort, as well as with factors that may cause sensory disturbance (i.e., recre-
ational value decreases if green areas are perceived to be ugly, trashy or too loud)
(Rall and Haase 2011). Urban ecosystems like community gardens also offer mul-
tiple opportunities for decommodified leisure and nowadays represent important
remnants of the shrinking urban commons.

11.2.3.2 Aesthetic Benefits

Urban ecosystems play an important role as providers of aesthetic and psychological
benefits that enrich human life with meanings and emotions (Kaplan 1983).
Aesthetic benefits from urban green spaces have been associated with reduced stress
(Ulrich 1981) and with increased physical and mental health (e.g., Maas 2006; van
den Berg et al. 2010a). Ulrich (1984) found that a view through a window looking
out at greenspaces could accelerate recovery from surgeries, and van den Berg et al.
(2010b) found that proximity of an individual’s home to green spaces was corre-
lated with fewer stress-related health problems and a higher general health percep-
tion. People often choose where to live in cities based in part on the characteristics
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of the natural landscapes (Tyrvédinen and Miettinen 2000). Several studies have
shown an increased value of properties (as measured by hedonic pricing) with
greater proximity to green areas (Tyrvidinen 1997; Cho et al. 2008; Troy and Grove
2008; Tyrviinen and Miettinen 2000; Jim and Chen 2006).

11.2.3.3 Cognitive Development

Exposure to nature and green space provide multiple opportunities for cognitive
development which increases the potential for stewardship of the environment and
for a stronger recognition of ecosystem services (Krasny and Tidball 2009; Tidball
and Krasny 2010). As an example, urban forests and allotment gardens are often
used for environmental education purposes (Groening 1995; Tyrviinen et al. 2005)
and facilitate cognitive coupling to seasons and ecological dynamics in technologi-
cal and urbanized landscapes. Likewise, urban allotments, community gardens,
cemeteries and other green spaces have been found to retain important bodies of
local ecological knowledge (Barthel et al. 2010), and embed the potential to com-
pensate observed losses of ecological knowledge in wealthier communities (Pilgrim
et al. 2008). The benefits of preserving local ecological knowledge have been high-
lighted in terms of increased resilience and adaptive capacities in urban systems
(Buchmann 2009), and the potential to sustain and increase other ecosystem ser-
vices (Colding et al. 2006; Barthel et al. 2010). For further discussion on how urban
landscapes can serve as learning arenas for biodiversity and ecosystem services
management, see Chap. 30.

11.2.3.4 Place Values and Social Cohesion

Place values refer to the affectively charged attachments to places (Feldmann 1990;
Altman and Low 1992). Research conducted in Stockholm, for example, found
sense of place to be a major driver for environmental stewardship, with interviewees
showing strong emotional bonds to their plots and the surrounding garden areas
(Andersson et al. 2007). Attachment to green spaces in cities can also give rise to
other important societal benefits, such as social cohesion, promotion of shared
interests, and neighborhood participation (Gotham and Brumley 2002). Examples
include studies conducted in Chicago, Illinois, United States, and Cheffield, United
Kingdom (Bennett 1997). Environmental authorities in the European Union have
emphasized the role of urban green space in providing opportunities for interaction
between individuals and groups that promote social cohesion and reduce criminality
(European Environmental Agency 2011; Kdzmierczak 2013). Likewise, urban eco-
systems have been found to play a role in defining identity and sense of community
(Chavis and Pretty 1999; Gotham and Brumley 2002). Research on sense of com-
munity in the urban environment indicates that an understanding of how communities
are formed enable us to design housing that will be better maintained and will provide
for better use of surrounding green areas (Newman 1981).
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11.2.4 Habitat Services

11.2.4.1 Habitat for Biodiversity

Urban systems can play a significant role as refuge for many species of birds,
amphibians, bees, and butterflies (Melles et al. 2003; Miiller et al. 2010). Well-
designed green roofs can provide habitat for species affected by urban land-use
changes (Oberndorfer et al. 2007; Brenneisen 2003). In cold and rainy areas, golf
courses in urban setting can have the potential to contribute to wetland fauna
support (Colding and Folke 2009; Colding et al. 2009). Old hardwood deciduous
trees in the National City Park of Stockholm, Sweden are seen as an important
resource for the whole region for species with high dispersal capacity (Zetterberg
2011). Diversity of species may peak at intermediate levels of urbanization, at
which many native and non-native species thrive, but it typically declines as urbani-
zation intensifies (Blair 1996).

A synthesis of the above classification of urban ecosystem services is provided
in Table 11.1

11.2.5 Ecosystem Disservices

Urban ecosystems not only produce ecosystem services, but also ecosystem disser-
vices, defined as “functions of ecosystems that are perceived as negative for human
well-being” (Lyytiméki and Sipild 2009, p. 311). For example, some common city
tree and bush species emit volatile organic compounds (VOCs) such as isoprene,
monoterpenes, ethane, propene, butane, acetaldehyde, formaldehyde, acetic acid
and formic acid, all of which can indirectly contribute to urban smog and ozone
problems through CO and O; emissions (Geron et al. 1994; Chaparro and Terradas
2009). Urban biodiversity can also cause damages to physical infrastructures;
microbial activity can result in decomposition of wood structures and bird excre-
ments can cause corrosion of stone buildings and statues. The root systems of
vegetation often cause substantial damages by breaking up pavements and some
animals are often perceived as a nuisance as they dig nesting holes (de Stefano and
Deblinger 2005; Lyytiméki and Sipila 2009).

Green-roof runoff may contain higher concentrations of nutrient pollutants, such
as nitrogen and phosphorus, than are present in precipitation inputs (Oberndorfer
et al. 2007). Further disservices from urban ecosystems may include health prob-
lems from wind-pollinated plants causing allergic reactions (D’Amato 2000), fear
from dark green areas that are perceived as unsafe, especially by women at night-
time (Bixler and Floyd 1997; Koskela and Pain 2000; Jorgensen and Anthopoulou
2007), diseases transmitted by animals (e.g., migratory birds carrying avian influ-
enza, dogs carrying rabies), and blockage of views by trees (Lyytiméki et al. 2008).
Likewise, just as some plants and animals are perceived by people as services, as
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Table 11.2 Ecosystem disservices in cities (Modified from Gémez-Baggethun and Barton 2013)

Ecosystem functions Disservice Examples Key references
Photosynthesis Air quality City tree and bush species ~ Chaparro and
problems emit volatile organic Terradas (2009);
compounds (VOCs) Geron et al.
(1994)
Tree growth through View blockage Blockage of views by trees Lyytimiki et al.
biomass fixation standing close to (2008)
buildings
Movement of floral Allergies wind-pollinated plants D’ Amato (2000)
gametes causing allergic
reactions
Aging of vegetation Accidents Break up of branches Lyytiméki et al.
falling in roads and (2008)
trees
Dense vegetation Fear and stress Dark green areas perceived Bixler and Floyd
development as unsafe in night-time (1997)
Biomass fixation in Damages to Breaking up of pavements Lyytimiki and
roots; infrastructure by roots; microbial Sipila (2009)
decomposition activity
Habitat provision for ~ Habitat competition ~Animals/insects perceived Bixler and Floyd
animal species with humans as scary, unpleasant, (1997)
disgusting

Modified from Gémez-Baggethun and Barton (2013)

discussed above, animals such as rats, wasps and mosquitoes, and plants such as
stinging nettles, are perceived by many as disservices. A summary of disservices
from urban ecosystems is provided in Table 11.2.

11.3 Valuing Urban Ecosystem Services

11.3.1 Ecosystem Services Values

Valuation of ecosystem services involves dealing with multiple, and often conflict-
ing value dimensions (Martinez Alier et al. 1998; Chan et al. 2012; Martin-Lopez
et al. 2013). In this section, we broaden the traditional focus of the ecosystem ser-
vices literature on biophysical measurement and monetary values to explore a range
of value domains, including biophysical, monetary, socio-cultural, health, and
insurance values, and discuss concepts and methods through which they may be
measured and captured.
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11.3.1.1 Biophysical Values

Quantifying ecosystem service performance involves the use of biophysical
measures and indicators. The difficulty of measuring ecosystem services in bio-
physical terms increases as the focus shifts from provisioning, to regulating to
habitat, to cultural services. Thus, while most provisioning and some regulating
ecosystem services can be quantified through direct measures, such as tons of
food per hectare per year, or tons of carbon sequestered per hectare per year, in
most cases measurement in biophysical terms involves the use of proxies and
indicators.

Biophysical measures of ecosystem services are often presented as a prereq-
uisite for sound economic valuations. While this may hold true, biophysical
measures themselves often provide powerful information to guide urban plan-
ning. Thus, various biophysical indexes of urban green areas have been used for
guiding planning procedures in cities (revised in Farrugia et al. 2013). An early
attempt was made in Berlin, Germany with the Biotope Area Factor (BAF),
which scored land surface types in development sites according to their ecologi-
cal potential and formulated target BAFs for specific urban functions which
developers were obliged to meet in order to obtain approval for any develop-
ment proposal. Malmé City Council in Sweden adopted a similar system to
incorporate green and blue infrastructure in land use planning, while aiming to
reduce the extent of impervious surfaces in any development plans (Kruuse
2011). Another attempt to quantify the value of green areas was made in Kent
Thameside in the United Kingdom (Defra 2008), which scored ecosystem ser-
vices such as biodiversity, recreation and flood regulation using surrogates. The
Southampton City Council in the United Kingdom developed a version of the
Green Space Factor (GSF) tool to evaluate the contribution of green areas to
water regulation flood control (Finlay 2010).

A summary with examples of indicators and proxies to measure ecosystem ser-
vices and disservices is provided in Table 11.3.

11.3.1.2 Economic Values

Conventional economic valuations are restricted to priced goods and services,
which represent only a limited subset of ecosystem services (i.e., those which are
exchanged in markets). As price formation is conditioned to the existence of supply
and demand relations, every change in human well-being lacking a market is invis-
ible to conventional economic accounts. The economic literature refers to these
effects as environmental externalities, which can be either negative (e.g., pollution)
or positive (e.g., ecosystem services). The public good nature of most ecosystem
services implies that their economic value is often not adequately reflected in man-
agement decisions that are mainly based on economic information (e.g., cost-ben-
efit analysis). Consequently, it is argued, ecosystem services with no explicit
economic value tend to be depleted.
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Table 11.3 Examples of indicators and proxies for measuring urban ecosystem services and
disservices in biophysical terms

Ecosystem services Examples of biophysical indicators and proxies

Provisioning services
Food supply
Freshwater supply

Production of food (t/year)
Water flow (m*/year)

Regulating services

Water flow regulation and runoff
mitigation

Urban temperature regulation

Noise reduction

Soil infiltration capacity; % sealed relative to permeable
surface (ha)

Leaf Area Index

Leaf area (m?) and distance to roads (m); noise reduction
[dB(A)]/vegetation unit (m)

03, SO,, NO,, CO, and PM, pm pollutant flux (g/cm?/s)
multiplied by tree cover (m?)

Cover density of vegetation barriers separating built areas
from the sea

P, K, Mg and Ca in mg/kg compared to given soil and water
quality standards

CO, sequestration by trees (carbon multiplied by 3.67 to
convert to CO,)

Species diversity and abundance of birds and bumble bees

Air purification

Moderation of environmental
extremes
Waste treatment

Climate regulation

Pollination and seed dispersal

Cultural services
Recreation and health Area of green public spaces (ha)/inhabitant (or every 1,000

inhabitants); self-