MAKING NATURE’S CITY
A science-based framework
for building urban biodiversity

MAKING NATURE’S CITY
A science-based framework
for building urban biodiversity

PREPARED BY SFEI	Erica Spotswood
			Robin Grossinger
			Steve Hagerty
			Micaela Bazo
			Matthew Benjamin
			Erin Beller
			Letitia Grenier
			Ruth Askevold

SFEI PUBLICATION #947
July 2019

A product of the Healthy Watersheds, Resilient Baylands project
Funded by the San Francisco Bay Water Quality Improvement Fund, EPA Region IX,
with additional funding from the Google Ecology Program and the Peninsula Open Space Trust

SUGGESTED CITATION
San Francisco Estuary Institute. 2019. Making Nature’s City: A science-based
framework for building urban biodiversity. A product of the Healthy Watersheds,
Resilient Baylands project. Funded by the San Francisco Bay Water Quality
Improvement Fund, EPA Region IX. SFEI Publication #947, San Francisco Estuary
Institute, Richmond, CA.
VERSION
v. 1.0 (August 20, 2019)
REPORT AVAILABILITY
Report is available online at www.sfei.org
IMAGE PERMISSION
Permissions rights for images used in this publication have been specifically
acquired for one-time use in this publication only. Further use or reproduction is
prohibited without express written permission from the individual or institution
credited. For permissions and reproductions inquiries, please contact the
responsible source directly.
COVER IMAGE CREDITS
Cover flora and fauna courtesy of the Biodiversity Heritage Library.

CONTENTS
ACKNOWLEDGEMENTS...............iv
ABSTRACT....................................................v

1

INTRODUCTION..........................2

2
3

A FRAMEWORK FOR
BIODIVERSITY
ENHANCEMENT
IN CITIES ..........................16

CASE STUDY:
SILICON
VALLEY..........................58

44

		

URBAN
BIODIVERSITY PLANNING

		
REFERENCES..........................128
APPENDIX.................................145

5

..........................108

LOOKING
FORWARD ..........................126

Acknowledgements
The Urban Biodiversity Framework is part of the Healthy Watersheds, Resilient
Baylands project, which is funded by a grant to the San Francisco Estuary
Partnership from the San Francisco Bay Water Quality Improvement Fund of the
US Environmental Protection Agency Region IX. The report also received additional
funding from the Google Ecology Program and the Peninsula Open Space Trust.
We are deeply grateful to the members of the technical advisory committee for
their guidance, technical advice, and enthusiastic contributions to the project: Myla
Aronson (Rutgers University), Alex Felson (Connecticut Institute for Resilience and
Climate Adaptation, University of Connecticut), Peter Groffman (Cary Institute of
Ecosystem Studies, The City University of New York), Nicole Heller (Carnegie Museum
of Natural History), and Claire Kremen (University of British Columbia).
We would like to thank Luisa Valiela (EPA) for her invaluable guidance and support
throughout the project. We are also grateful for technical advice, review, and
support provided by Darcie Luce and Caitlin Sweeney (San Francisco Estuary
Partnership); Michelle Daher (City of East Palo Alto); Elaine Marshall, Melody
Tovar, and Michelle King (City of Sunnyvale); Catherine Martineau, Elise Willis,
and Michael Hawkins (Canopy); Kate Randolph, Ashley Muse, Audrey Davenport,
and Kate Malmgrem (Google); Alex Von Feldt, Junko Bryant, and Claire Elliott
(Grassroots Ecology); Steve Rottenborn, Dan Stephens and Rachel Visscher (H.T.
Harvey & Associates); Andrea Mackenzie, Marc Landgraf, and Matt Freeman (Santa
Clara Valley Open Space Authority). This project has also benefited greatly from
interactions with Google staff and design teams in applying the framework to the
Google campus in Mountain View.
Additional thanks go to interns Megan Wheeler (Arizona State University) and Nick
Mascarello (The Bill Lane Center for the American West at Stanford University) for
analysis, advising, and help with writing. Finally, we are grateful to the many SFEIASC staff members who contributed to this project, including Shira Bezalel, Katie
McKnight, Amy Richey, Micha Salomon, Sam Safran, April Robinson, Pete Kauhanen,
Gloria Desanker, Julie Beagle, Sean Baumgarten, Emily Clark, and Jen Hunt.

§

ABSTRACT
Cities will face many challenges over the coming decades,
from adapting to a changing climate to accommodating rapid
population growth. A related suite of challenges threatens global
biodiversity, and many species face potential extinction. While
urban planners and conservationists have long treated these
issues as distinct, there is growing evidence that cities not only
harbor a significant fraction of the world’s biodiversity, but that
they can also be made more livable and resilient for people,
plants, and animals through nature-friendly urban design.
Urban ecological science can provide a powerful tool to guide
cities towards more biodiversity-friendly design. However,
current research remains scattered across thousands of journal
articles and largely inaccessible to practitioners. Making Nature’s
City fills this gap, synthesizing global research to develop a
science-based approach for supporting nature in cities. We
identify seven key elements of urban form and function that
work together to maximize biodiversity, and we illustrate these
elements through a case study in California’s Silicon Valley.
Using the framework developed in this report, urban designers
and local residents can work together to link local parks,
greenways, green roofs, street trees, stormwater basins,
commercial landscaping, and backyards to support biodiversity
while making cities better places to live. As we envision the
healthier, and more resilient cities, Making Nature’s City
provides practical guidance for the many actors who together
will shape the nature of cities. §
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Why
biodiversity
in the city?

Protecting biodiversity is central to global conservation and
human well-being. In cities, nature can regulate flooding,
mitigate water pollution, and capture carbon from the
atmosphere. Urban nature can also improve human health
by reducing air pollution and exposure to extreme heat,
promoting active lifestyles, and improving psychological
well-being. While small numbers of plant species can provide
some of these services, biodiverse nature can substantially
improve the benefits that people derive from nature
(Sandifer et al. 2015). Protecting and enhancing biodiversity in
cities is critical for creating spaces where people can thrive,
and where urban habitat and stewardship can support
regional conservation goals.
Over the coming decades, many cities will undergo a
transformation. Some will face increasing pressure to develop
as people move to centers of economic opportunity, while
others will shrink. All cities will face pressure to adapt to a
changing climate and many will need to accommodate rising
sea levels, increased flood risk, and higher temperatures. As
these changes occur, we have the opportunity to incorporate
ecologically-friendly design and to strategically plan for
the promotion and protection of greenspace in a way that
maximizes biodiversity. Achieving this objective will require
coordinated planning that is informed by science, and that
places a priority on enhancing urban biodiversity.
Creating vibrant ecological cities that incorporate nature
will not only support biodiversity, but will also make a
profound contribution to the quality of life of urban residents.
Respiratory illnesses linked to air pollution, heat exposure
from urban heat islands, and obesity and hypertension fueled
by sedentary lifestyles are some examples of how cities can
negatively affect people. Incorporating nature as a valued
type of infrastructure can reduce or eliminate many of these
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negative impacts. Cities can plant trees that remove particulate matter from
the air, absorb traffic noise, and mitigate urban heat island effects (GómezBaggethun et al. 2013). More complex and biodiverse vegetation can increase the
psychological benefits and sense of well-being people experience when in urban
parks (Fuller et al. 2007). Urban greenspace with diverse and complex plantings
can also support more wildlife, which provides its own benefits such as pest
reduction and pollination (Wratten et al. 2012).
The ability of urban areas to support biodiversity depends on the configuration
and quality of greenspaces and their surroundings. Spatial configuration is critical
because it defines how well plants and animals can move through the landscape
(Aronson et al. 2017). Local vegetation characteristics and the types of management
interventions are also important, defining which species are able to use existing
greenspaces. Thus, building biodiverse cities will require a combination of largescale planning and local management actions that work together to achieve the
best possible outcomes for biodiversity (Aronson et al. 2017).

Why native
biodiversity?

Native plants play an important role in supporting
native wildlife (Chapin III et al. 2000). Animals and
plants have frequently evolved together, and these
deep co-evolutionary relationships often mean
that non-native plants do not provide the same
resources to animals (Agosta 2006, Strauss et al.
2006, Narango et al. 2018). Native biodiversity is
also a significant element of resilience and climate

adaptation planning. In California, for example, native oak trees are likely to be
good choices for a warmer and less predictable future because of their ability to
tolerate both drought and heat (Kueppers et al. 2005, McLaughlin and Zavaleta
2012). Promoting native plants in urban areas can help these landscapes support
wildlife populations and is a key component of global conservation for these
species. Urban wildlife can also inspire awe and foster a sense of connection to
place for urban residents, which can motivate stewardship and investment in
conservation (Cox and Gaston 2016).
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-------------------------------------------------------------------------------

about this document
Building biodiverse cities will require planning that is based on and
informed by the best available science. While the field of urban ecology
has grown rapidly, most of its findings remain relatively inaccessible,
scattered across thousands of research papers in scientific journals.
This report synthesizes a rich body of research to fill this gap, creating
accessible and practical guidance for how to apply urban biodiversity
science. The result is intended for use by anyone involved in planning for
ecosystem health in cities, including government agencies, non-profits,
city planners, and landscape architects.
The next chapter identifies seven biodiversity-supporting elements that
can be applied across many cities. Chapter 3 is a case study of Silicon
Valley, demonstrating how scientific concepts and local data can be applied
to urban biodiversity planning. Chapter 4 provides recommendations for
creating and implementing a biodiversity plan. Together, these chapters
provide a scientific foundation, community context, and example application
needed to inform biodiversity planning at any scale.
-------------------------------------------------------------------------------

Valley Oak in Lafayette, CA (Photo courtesy of Erica Spotswood)
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Biodiversity
in the city:
A short history

For three quarters of a century, cities have
been considered biological deserts where
native plants and animals do not flourish.
In 1953, Colin Matheson, the head of the
department of Zoology at the National
Museum of Wales, published musings
lamenting the lack of wildlife in cities, the
proliferation of unwanted animal pests, and
the disconnection from nature experienced
by city-dwellers in Great Britain (Matheson
1953). Ahead of his time, Matheson identified
many issues that are now recognized as
central challenges to creating cities where
nature can thrive.
Less widely recognized is that cities already do
support a wide range of plants and animals,
often thriving unnoticed in our midst. In
addition to ubiquitous urban species, such
as rats and pigeons, many native species like
coyotes, various songbirds, and peregrine
falcons are also found cities across the United
States. Yet we know that not all species can
survive in cities, and that from the wandering
coyote’s perspective, not all patches of urban
land are created equal. We can learn much
about how to support biodiversity in cities
by examining which species tend to thrive in
them, and what places tend to support the
most diverse suites of organisms.
Biodiversity in cities has also changed over
time. Across much of the United States, the
development of urban centers, followed by
suburban expansion after World War II, had
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profound impacts on the biodiversity of the affected landscapes. Initially, this
development led to dramatic declines in native biodiversity and increases in
non-native and invasive species. More recently, there has been a rebound in
some species (Robinson et al. 1994, Weaver and Garman 1994, Bertin 2002, Er
et al. 2005), both in the United States and worldwide (Luniak 2004, Geiger et al.
2018). Many landscapes once cleared for development have been revegetated,
and shrubs and trees have matured.
Changing trends in urban planning that place a greater emphasis on tree canopy
cover and other green infrastructure have led to focused “greening” efforts (Li
et al. 2005).However, despite these trends, most cities lack a coherent strategy
for enhancing biodiversity (Nilon et al. 2017), and most urban greening efforts
do not focus on achieving ecological benefits. This report is intended to provide
guidance on how biodiversity can be incorporated into these activities at a
variety of scales, from residential yards to regional planning. Incorporating
biodiversity-supporting actions into existing urban greening can help increase
the value and resilience of these efforts.

Urban interchange in San Jose, CA (Photo courtesy of Dick Lyon, CC by 2.0)
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What about
communities?

In this report, we focus on the scientific findings, principles,
and analyses that can support urban biodiversity planning
rather than the social and community-based steps for
developing and implementing a coordinated plan for urban
biodiversity. Urban spaces are socially constructed and
shaped by both personal preferences and political processes,
in which technical information plays a supporting role.
Science-based tools like those proposed in this report will
be most useful in service of community-driven actions that
achieve local priorities. Successful city-scale biodiversity
planning will involve partnerships among local community
groups, residents, landowners, and public agencies to create
a democratic and pluralistic vision that engages nonprofessionals and leverages local place-based knowledge and
priorities.
There are a variety of advantages to this two-way information
transfer. Meetings between stakeholder groups are an
opportunity for group learning related to biodiversity science.
These meetings can also spur urban biodiversity initiatives
that are driven by local values and preferences about the
landscape, which ultimately shape what kinds and amounts
of greenspace local communities will support and take care
of. Greater participation by communities may even result
in higher potential biodiversity in greenspaces (Dennis and
James 2016). However, biodiversity initiatives will also conflict
at times with other goals and necessitate trade-offs. An
ongoing conversation among stakeholders can both ground
biodiversity planning in practical considerations and set the
stage for the negotiation of competing interests. For urban
biodiversity initiatives to be successful, they will need to
provide well-recognized functional and aesthetic benefits
that generate a broad base of support.
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Existing research can point to some priorities and
trade-offs that are likely to impact biodiversity
planning efforts, particularly in residential areas.
The smaller scale of parcels and number of
landowners in these areas pose a challenge to
coordinating biodiversity improvements but also an
opportunity for aggregate impacts. Urban residents
value and benefit from biodiversity in urban
greenspaces (Fuller et al. 2007, Schwartz et al. 2014),
but biodiversity is usually not the primary factor
motivating the management of residential yards or
public greenspaces. Rather, ease of maintenance,
aesthetic quality, and value for recreation and
relaxation are often more important considerations
(Larson et al. 2009, Harris et al. 2012). Normative
pressures may drive residents to manage yards to
achieve standards set by neighbors and cultural
expectations, often for neat, well-maintained
spaces (Nassauer et al. 2009). Additionally, making
changes to yard landscaping requires time and
resources that may not be available for many
residents. Understanding the importance of these
different priorities and potential barriers to the
implementation of biodiversity initiatives in a
given community is an important step in creating
a successful program promoting biodiversity in
privately managed urban greenspaces.
Conducting a social assessment can also help
identify areas with the most community and
political will, where initiatives are likely to be
feasible and sustainable. In areas where residential
land uses predominate, public participation is key
because landowner decisions define the success
of biodiversity improvements. In areas with larger
parcels zoned for commercial and office use, the
greater size and more frequent redesign leads to

Planting in East Palo Alto, CA (Photo courtesy of Canopy)
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Green Roof at the California Academy of Sciences (Photo courtesy of SF Planning Department)

opportunities for the creation and expansion of habitat patches
and corridors. Regardless of the size or ownership of the spaces
involved, most biodiversity activities in cities depend on public
support and the willingness of private landowners. Thus aligning
biodiversity goals with other priorities is an essential element
of success. Public participation can help create the alignment
and ongoing engagement necessary for projects to succeed and
have an impact.
In many cities, disadvantaged communities face long histories
of environmental injustice, and as a result, greenspace access,
tree canopy cover, and metrics of biodiversity are often
correlated with income and race (Luz de la Maza et al. 2002,
Greene et al. 2018, Leong et al. 2018). At the same time, urban
greening can provide a variety of benefits to communities,
from stress relief to better health, heat island mitigation, and
pollution control (Hartig et al. 2014). Evidence for the health
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benefits of nature is strong and growing, and may be particularly important
in lower income communities (Mitchell and Popham 2008, Browning and
Rigolon 2018). Given the potential for greenspaces to improve people’s
quality of life, strategic implementation of biodiversity actions can align with
environmental justice goals.
Urban greening interventions also present a paradox in disadvantaged
communities. While urban greening can provide a pathway towards redressing
environmental injustice, these same actions can increase property values
(Escobedo et al. 2011, Li et al. 2015), leading in some cases to displacement
and gentrification. In order for underserved communities to reap the benefits
of urban greenspaces, it is essential that greening projects are developed
alongside programs that minimize the risks of displacement, such as affordable
housing construction and rent stabilization. Gentrification is a growing challenge
in urban areas irrespective of greening efforts, and in many cities incremental,
community-driven greening may not be a major driver of gentrification
on its own. However, addressing this risk through coordinating ecological
improvements and housing policy is critical to ensuring the benefits of greening
are shared equitably.

What about
climate change?

Cities are on the frontlines of climate change.
Among the many risks, rising sea levels,
increased flooding, more frequent droughts
and heat waves, and more devastating
wildfires are challenging urban infrastructure
and can lead to significant economic,
environmental, and health impacts (Grimm
et al. 2008, Hunt and Watkiss 2011). Because
many cities lie along waterways and near
coasts, they are vulnerable to rising seas
and storm surges, which lead to increased
flooding and sometimes a breakdown in key
services like wastewater treatment (Major et
al. 2011). Urban microclimates are also several
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degrees warmer than rural landscapes (Tan et al. 2010). Climate
change is increasing the magnitude and duration of heat waves
and increasing the impact of urban heat islands (Meehl and Tebaldi
2004, Tan et al. 2010). Extreme heat events have significant health
consequences for people, exacerbating other conditions among
vulnerable populations and even leading to heat-related deaths
(Luber and McGeehin 2008).
Mitigating greenhouse gas emissions and adapting to a changing
climate must be pursued in tandem, and will require cities to invest
in a variety of measures, including energy shifts, infrastructure
changes, policy and insurance mechanisms, and green infrastructure
(Ürge-Vorsatz et al. 2018). Some adaptation measures, such as
building sea walls, may have negative impacts on biodiversity. In
contrast, many nature-based approaches to adaptation have the
potential to support both biodiversity conservation and climate
change mitigation. Tidal marshes can help protect shorelines from
rising seas (Duarte et al. 2013), trees can mitigate extreme heat and
store carbon (Stone et al. 2009), and green infrastructure can reduce
flood risk (Ürge-Vorsatz et al. 2018). Some of these approaches
may perform better and cost less than traditional engineered
infrastructure (Currin et al. 2017, Smith et al. 2017) while providing
other co-benefits such as new recreational opportunities.
Harnessing the full potential of nature-based approaches for
climate adaptation will require incorporating biodiversity into early
planning stages. Many cities around the world are already creating
climate adaptation plans (Hunt and Watkiss 2011), and these plans
can incorporate biodiversity goals alongside climate goals. Doing
so can help align biodiversity and climate adaptation goals. For
example, in California ecosystems, planting native oak trees can
support biodiversity, reduce irrigation, store carbon, and provide
dense shade (Spotswood et al. 2017). In other cases, prioritizing
nature-based solutions for biodiversity may lead to choices to
avoid traditional infrastructure, such as seawalls, in favor of green
or hybrid options, such as creating marshes, nourished beaches or
horizontal levees. These solutions may be preferable if all benefits
are assessed holistically.
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San Francisco Embarcadero (Photo courtesy of Michelle Ursino, CC by 2.0)

Creating space for nature in cities can also help curb the
direct threats that climate change poses to biodiversity. Both
contemporary and historical records show species shifting their
ranges, adapting through evolutionary change, tolerating new
conditions, or modifying behavior while staying in the same
place in response to past and present climate shifts (NoguésBravo et al. 2018). Traits such as the ability to disperse to new
areas and physiological tolerance of warmer temperatures can
affect how each species responds. Taken together, this will likely
lead to a global reshuffling in the distribution of species, with
profound consequences for both ecological communities and
human well-being (Pecl et al. 2017). Widespread extinction is
also likely and climate change is expected to surpass habitat
modification as the primary driver of species loss (NoguésBravo et al. 2018).
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Landscape patterns such as regional connectivity and the
distribution of habitats can influence how species respond to
climate change (Lyford et al. 2003, Nogués-Bravo et al. 2018).
These patterns influence the ability of plants and animals to
disperse to new areas as the climate shifts, and thus affects
their ability to successfully track climate change. Given their
important role, enhancing regional connectivity and creating
and protecting large patches of urban habitat may enable some
species to tolerate climate shifts in situ, and will likely assist
others as they move to track climate shifts (Rastandeh and
Pedersen Zari 2018). The intensive management that is possible
in cities can also provide unique opportunities for biodiversity
conservation that may help species cope with climate change.
This report provides a framework for how to plan for biodiversity
conservation in cities. These efforts can help today, and are
likely to become even more important as the impacts of climate
change accelerate.
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-----------------------------------------------------------------------------------------------

definitions
BIODIVERSITY: The variety and abundance of species within a given area. In this report,
we focus specifically on native plant and animal species diversity (although genetic,
functional, and ecosystem diversity are also important measures) in urban areas.
NATIVE: Plant and animal species that have evolved in a specific geography (including
nearby species that may be appropriate in the near future, given anticipated range
shifts as the climate changes).
URBAN: An area of high human population and significant built infrastructure. In this
report, “urban areas” and “cities” are used interchangeably.
GREENSPACE: An area with grass, trees, or other vegetation primarily dedicated to
aesthetic, recreational or habitat preservation purposes in a city.
PATCH: A contiguous patch of greenspace in a city. In this report, we define patches as
greenspaces of 2 acres or larger in size (see Chapter 2, Patch Size, for explanation of
this threshold).
MATRIX: Urban areas outside of patches and regional corridors. These spaces include
residential yards, public and community spaces, commercial and industrial properties,
roads and medians, and parking lots.
URBAN GREENING: Actions taken to increase vegetation cover in urban areas. Some
examples include street tree planting; stormwater retention basin and green
infrastructure installation; park creation, protection, and enhancement; backyard
gardening; commercial landscaping; and pollinator plantings.

-----------------------------------------------------------------------------------------------
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2

A
FRAMEWORK
FOR
BIODIVERSITY
ENHANCEMENT
IN CITIES
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An Introduction
to Urban
Biodiversity
Science

Urban ecology —
 or the study of ecology in urban
environments —
 began in the mid-20th century with studies
documenting the loss of species as landscapes urbanized.
Research specific to urban biodiversity has always been a
core component of urban ecology, though the emphasis
has shifted through time from comparisons of urban and
rural areas to methods informed by landscape ecology that
relate patterns in biodiversity to patterns on the landscape
(Clergeau et al. 1998, Wu 2014). Over the past few decades,
the number of research articles documenting the diversity
and distribution of plants and animals in cities has grown
into the thousands. This work offers a rich repository of
information that can inform how we plan for biodiversity in
cities and how we might expect biodiversity to respond to
changes in the urban landscape.
What has emerged from urban biodiversity research both
confirms our intuition and offers new insight. Not surprisingly,
for example, pavement limits biodiversity, and greenspaces
support more species (McKinney 2008, Beninde et al. 2015).
The quality of greenspaces also matters, and diverse native
plants tend to better support wildlife than lawns (Pardee and
Philpott 2014, Smith and Fellowes 2014, Aronson et al. 2017).
Drawing on studies from 75 cities around the world, a recent
study has identified the size of patches of greenspace and
connectivity corridors as the two most important predictors
of biodiversity (Beninde et al. 2015). Resources such as water
features and large trees also have outsized effects, drawing
and supporting a diverse array of species (Stagoll et al. 2012,
Hill et al. 2017). Likewise, the quality of the surrounding urban
landscape (the urban matrix) has an influence on biodiversity
within patches of greenspace (Goddard et al. 2010, Norton et
al. 2016).
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Who will benefit
from biodiversity
improvements?

In this chapter, we draw from this research, conducted
around the globe, to identify seven key elements that
contribute to biodiversity in cities. These elements include
the most important factors to consider when planning for
urban biodiversity. Together, they represent an integrated
approach to meeting the diverse life history needs of both
wildlife and plants. Implementing improvements within
each category will require planning and coordination both
regionally across a given urban area and locally within habitat
patches. Many of these elements are also likely to prove
beneficial for supporting species with climate change.
Individual species respond in complex ways to urbanization.
Because both wildlife and plants have dramatically different
abilities to disperse across the landscape, different species
respond very differently to the same spatial pattern of urban
greenspace. For example, two adjacent green areas separated
by a road may function as a single patch of habitat for a
bird, while the same configuration may produce separate
populations of smaller, less mobile organisms that rarely
interact with one another.
Species-specific characteristics determine how each will
respond to urbanization. While some species are highly
sensitive to urbanization, others can adapt to and exploit
the conditions found in cities (Evans et al. 2011, Bateman and
Fleming 2012). The ability to tolerate urbanization relates to
the behavioral and life history characteristics of a species.
For example, organisms that can fly tend to respond better
to urbanization than ground-dwelling organisms (Evans
et al. 2011). Habitat and dietary generalists tend to tolerate
urbanization better than specialists (Sol et al. 2014, Brown
and Graham 2015). In birds, ground-nesting species tend
to be highly sensitive to urbanization, whereas species that

18 • Chapter 2 • A Framework for Biodiversity Enhancement

nest off the ground are often more tolerant (Evans et al. 2011, Sol et al. 2014).
Plants with rapid life history strategies, including many commonly recognized
as weeds, are often more successful in urban areas (McKinney 2002, Palma
et al. 2017). In addition, plants with traits that people prefer, such as shade
provision, beautiful flowers, or low maintenance requirements, may be more
likely to be introduced and cultivated in urban spaces (Kendal et al. 2012).
Species that are more sensitive to urbanization may still be present in urban
areas, but restricted to large patches of intact greenspace, such as within urban
parks. In contrast, more urban-tolerant species can better use resources in the
urbanized matrix between large patches of greenspace, and are therefore more
likely to occur across the urban landscape.
Home range size is a particularly important determinant of how animal species
respond to urbanization because it is strongly linked to how an organism
copes with fragmentation. Species with large home ranges, such as large
mammals and some birds, require large areas to survive. For these species
to persist in urban areas, they will need to use the matrix around patches
of greenspace. In contrast, species with small home ranges may be able to
survive in small patches of greenspace even if they are unable to tolerate

Bobcat in Santa Teresa County Park, California (Photo courtesy of Don Debold,
CC by 2.0)
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urbanization. However, short dispersal distances may isolate
populations of these species and increase the likelihood of their
extinction. Highly sensitive animals with large home ranges may
still be able to pass through the urban landscape if high-quality
corridors are present. Similarly, plants with different dispersal and
reproduction strategies may be more or less sensitive to patch
size and conditions in the surrounding matrix, and may or may not
be able to disperse through unsuitable areas of the landscape.
Specific habitat requirements can also dictate whether a species
can persist in a given patch. Organisms with strong links to
particular host plants or pollinators, for example, may be excluded
from patches of greenspace that lack the associated species.
Some species require multiple adjacent habitats during different
stages of life, such as amphibians that require aquatic habitat
connected to uplands for reproduction and foraging. Because
responses to urbanization are highly species-specific, no single
intervention can support all species. Some, for example, will
respond most strongly to large patches of greenspace, whereas
others will respond most to the addition of particular features
such as water or large trees. It is therefore the integration of all the
elements together that has the greatest chance of supporting the
largest number of species.
In the following pages, we introduce and define seven elements
of biodiversity support. These elements are synthesized from
a wide range of urban biodiversity research. Some of the key
papers we used in developing these elements can be found in
Appendix A. We provide the scientific support and background
for the elements, as well as specific recommendations for how
each can be implemented. Future chapters use Silicon Valley as
a case study to apply these elements (Chapter 3), and provide
guidance on how to develop a biodiversity plan that draws on the
science of urban biodiversity (Chapter 4).
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ELEMENTS THAT SUPPORT URBAN BIODIVERSITY
1 • PATCH SIZE
The size of a contiguous patch
of greenspace in a city. We
define patches as contiguous
greenspaces of at least 2
acres in size.

3 • MATRIX QUALITY
Habitat elements that support ecological
process and movement in the urban matrix between patches of greenspace and
corridors.

4 • HABITAT DIVERSITY
The type, number, and spatial
distribution of habitat types
within an urban area. Together, mosaics of habitats create
diversity in habitat types at the
landscape scale.

6 • SPECIAL
RESOURCES
Unique habitat features
necessary to support species’
life history requirements,
including large trees, wetlands,
streams, and rivers.

2 • CONNECTIONS
Features in the urban
landscape that facilitate the movement
of plants and animals.
Connections include
corridors (thin stretches
of greenspace that promote
linear movement) and stepping
stones (sets of discrete but
nearby patches that together
promote connectivity across
the landscape).

5 • NATIVE PLANT
VEGETATION
Plant species long
evolved in a specific
geography (including
nearby species that may
be appropriate in the near
future, given anticipated range
shifts with climate change).

7 • MANAGEMENT
Human activities and
planning that promote
positive biodiversity
outcomes.

21 • An Urban Biodiversity Framework

element 01:

patch size
definition
The size of a contiguous
patch of greenspace in a city.
We define patches here as
greenspaces of at least 2
acres in size.

Significance in urban areas
In a recent analysis summarizing patterns of biodiversity from 75
cities worldwide, researchers identified patch size as one of two
most important drivers of how much biodiversity is found in urban
greenspaces (Beninde et al. 2015). This finding is consistent with
research outside cities: one of the most predictable patterns in
ecology is the relationship between the size of a patch and the
number of species found within it (Connor and McCoy 1979).
Larger patches support more species for two reasons. First, large
patches tend to have more types of microhabitats, creating more
variation that broadens the number of species that can find
adequate resources. Second, large patches can support higher
numbers of individuals of each species because they contain more
total resources. Larger populations buffer against population crashes
and local extinction, enabling larger patches to support more total
numbers of species. Similarly-sized patches can also support more
biodiversity if, in addition to being large, they are less isolated
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(Nielsen et al. 2014), have less edge compared to core area (e.g., Soga et al.
2014), and if the overall habitat quality is higher (Angold et al. 2006).
Knowing that patch size matters in cities leads to two practical questions.
First, how big does a greenspace need to be to be considered a ‘patch’, and
second, what size patch is ‘big enough’ to support biodiversity? While these
questions have no firmly established scientific answers, several studies have
used the relationship between the size of a patch and the number of species
it supports to identify thresholds below which species richness begins to
rapidly decline (e.g., Drinnan 2005, Arca et al. 2012). A recent summary of
this work (Beninde et al. 2015) found that a common threshold for defining
a ‘patch’ was 1 ha (2.4 acres). Similarly, the average patch size below which
biodiversity rapidly declined was 4.4 ha (10.9 acres). Based on this work, we
recommend that greenspaces should be at least 2 acres to be considered a
patch, and at least 10 acres to support significant biodiversity. These patches
of greater than 10 acres will likely act as local hubs of biodiversity support.
However, many species that depend on large contiguous habitats will be
restricted to much larger patches.
Cities often contain only a small number of large patches of greenspace
(usually large parks). Large parks can support many species, often acting as
regional hubs of biodiversity (Beninde et al. 2015). Large patches can also
help sustain species that use both the patch and the surrounding urbanized
matrix, reinforcing the ability of the matrix to support biodiversity (Whited
et al. 2000, Björklund et al. 2010). Some species are highly area-sensitive
or intolerant of urbanization and will only be found in large patches of
continuous habitat where edges are minimized (Blair 1996, Beninde et
al. 2015). Some migratory species also use large parks as stopover habitat
during long migrations (Craves 2009, Matthews and Rodewald 2010,
Seewagen et al. 2010). Several studies have quantified the size of patch
that is too small to support area-sensitive or forest-interior species. These
results are summarized by Bendinde and co-authors (Beninde et al. 2015),
who found that the average patch size necessary to support area-sensitive
or forest-interior species is 53.3 ha (132 acres). We suggest that patches
of 130 acres or larger should be considered regional biodiversity hubs, of
special significance city-wide for supporting unique suites of species.
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------------------------------------------------------------------------------

migrating songbird stopovers
During migration, songbirds seek patches of habitat where they can
rest and refuel. After days of flying, birds arrive exhausted, having
lost large amounts of body weight. They spend several days recovering
at stopover sites, regaining body weight and preparing for the next
leg of their long journey. The role of good stopover habitat along
migration routes is therefore critical to the survival of birds that
migrate long distances.
Three large parks in New York City (including Prospect Park, a highly
isolated park of ~526 acres in Brooklyn), lie at the nexus of four
major bird migration routes used by over 100 species of songbirds.
During migration season, exceptional concentrations of migrants
can be found in these parks. A recent investigation of Swainson’s
thrushes (Catharus ustulatus), ovenbirds (Seiurus aurocapilla), and
yellow-rumped warblers (Setophaga coronata) found these birds were
more densely concentrated in urban parks than in adjacent open
spaces outside the city. Despite the large difference in bird density,
all three species were found to refuel and gain body weight similarly
in the urban and rural sites after several days of rest (Seewagen et
al. 2010).
------------------------------------------------------------------------------

Swainson’s Thrush (Catharus ustulatus) (Photo courtesy of Melissa McMasters, CC by 2.0)
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Who benefits from large patches?
Area-sensitive species that require large patches of habitat
and urban-sensitive wildlife may be the biggest beneficiaries
of large patches. In some cases, these species may be
restricted to regional biodiversity hubs. Larger patches can
also support more substantial populations of plants, and
these spaces may serve an important conservation function
for species that are threatened or rare.
Supporting area-sensitive wildlife in urban areas requires
considering their life history and habitat needs. For example,
a single patch may be sufficient to support a family group,
pair, or colony of a highly mobile species if these individuals
are connected to other members of their species in adjacent
patches. On the other hand, the urban matrix may isolate
populations of small, ground-dwelling, or area-sensitive
species. In these cases, patch sizes may need to be large
enough to support a self-sustaining population.

SIZE: 10 to 130 acres
EXAMPLES: local parks
SUPPORT: urban-tolerant species

PATCHES

SIZE: 2 to 10 acres
EXAMPLES: pocket parks, green roofs
SUPPORT: urban-adapted species

REGIONAL
HUBS

LOCAL HUBS

SIZE: >130 acres
EXAMPLES: regional parks
SUPPORT: area-sensitive species
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Bosque de Chapultepec in Mexico City, Mexico (Photo courtesy of Ricardo Gomez Garrido, CC by 2.0)
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Guidelines
1. Prioritize the creation and protection of regional biodiversity hubs. Ongoing
protection and enhancement of habitat quality in existing regionallysignificant patches is essential for supporting city-wide biodiversity. Creating
new large patches, particularly in cities that have few or no large parks, can
also be made a priority during biodiversity planning.
2. Prioritize the protection of large remnants of high-quality habitat. Patches
that already contain high-quality habitat can (and may already) support more
biodiversity than patches of equivalent size that have been highly modified.
Patches with high-quality habitat should require less investment to achieve
biodiversity objectives, and will require less active restoration to recover
ecological functions.
3. Expand existing patches. When planning future acquisitions, consider
possibilities to expand existing large, high-quality patches. This can be an
effective strategy for maximizing biodiversity, and can help to create local or
regional hubs of biodiversity by building on existing greenspace resources.
4. Reduce edges. Square or circular patches have more core habitat and
shorter perimeters, and are thus more suitable to area-sensitive species than
long, skinny patches of similar size.
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element 02:

connections
definition
Features in the urban landscape that facilitate the movement of plants and animals.
Connections include corridors
(thin stretches of greenspace
that promote linear movement) and stepping stones
(sets of discrete but nearby
patches that together promote connectivity across the
landscape).

Significance in urban areas
Connectivity across the landscape is one of the most important elements
driving biodiversity in cities (Beninde et al. 2015). Landscapes with high
connectivity may provide for higher numbers of species (Gledhill et al. 2008,
Shanahan et al. 2011), including those that rely strongly on connections in
order to tolerate urbanization (Matsuba et al. 2016). The urban environment
either supports or inhibits the movement of organisms across the landscape
depending on the configuration of patches, corridors, and barriers.
Landscapes with many connections and few barriers allow organisms to
move freely to access resources, promoting gene flow and allowing organisms
to access a variety of habitats during different life stages.
Landscape connections can link habitats and populations to one another,
allow movement among different habitat types, and connect terrestrial and
aquatic resources. Connections can act as conduits for species to adapt
to climate change and migrate after disturbances, and they can facilitate
landscape-level ecosystem processes such as nutrient cycling (Thrush et al.
2008, Standish et al. 2013). Hydrological connectivity enables movement in
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aquatic species, and connectivity among different habitat types can enable
species to use different types of habitat across seasons or during different life
stages. Connectivity between patches can also directly increase cumulative
patch size (Tewksbury et al. 2002).
Physical features that influence connectivity include corridors, stepping
stones, and barriers. Corridors are continuous bands of protected vegetation
(including riparian areas along streams, or greenways) and are the best way
of enhancing connectivity (Beninde et al. 2015). Corridors are most effective
if they are both wide and continuous. Large gaps or narrow sections can both
reduce the ability of corridors to enhance connectivity (Miltner et al. 2004,
Tremblay & St. Claire 2009).
Corridors can facilitate movement within a city (Munshi-South and Kharchenko
2010) and can connect fragmented habitats to large regional biodiversity hubs
outside of cities (Gilbert-Norton et al. 2010). Regional corridors that cross
an entire city can provide unique opportunities for urban-sensitive species,
enabling wide-ranging species to move from open spaces on one side of the
city to those on the other. We suggest that these regional corridors, often few
in number, have unique significance to biodiversity. Shorter corridors that
connect greenspaces to one another can enhance connectivity within the
urban landscape. These sources of connectivity can promote local movement
and dispersal. Stepping stones, or patches of habitat between large patches or
corridors, can enhance connectivity by facilitating movement between them,
provided barriers do not interrupt movement (e.g. Zipperer et al. 2012).
Barriers are physical features that reduce connectivity by impeding the
movement of organisms, increasing landscape fragmentation and limiting
the connectivity of populations (Riley et al. 2006, Tremblay and St. Clair 2011).
Common examples in urban areas include roads, parking lots and other
impervious surfaces (Rondinini and Doncaster 2002), buildings (Beninde et
al. 2016), culverted stream reaches, fencing, and gaps in tree canopy cover
(Tremblay and St. Clair 2011, Favaro and Moore 2015). Because vehicles kill
animals, and their noise indirectly causes avoidance behavior, roads pose
particularly strong barriers for wildlife (Forman 2016). Impervious surfaces and
buildings can also act as barriers for organisms that are unable to move around
or across them. For plants that depend on animal dispersal, barriers to animals
that disperse seeds can also impact connectivity for plants.
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Who benefits from connections?
While regional corridors may benefit many species, they can be particularly
important for large, wide-ranging animals that are relatively intolerant of
urbanization. These species often require continuous, relatively intact habitat for
movement through urban areas and may benefit from regional corridors if they
permit movement between open spaces on either side of the city (Beier 1995,
Tigas et al. 2002, Van Rossum and Triest 2012).
Connectivity between adjacent habitat types can also be beneficial for species that
move between habitat types at different times of day, across different seasons,
or during different life stages. For example, amphibians require connectivity
between terrestrial and aquatic habitat to complete reproduction. Similarly,
many species move between different habitat types when going from foraging to
roosting. Hydrological connectivity, including connectivity of stream corridors, and
connections between riparian and adjacent floodplain habitat can also benefit
many aquatic species.
Smaller scale corridors can also support species that do not disperse long
distances. For example, enhancing connectivity between adjacent gardens can
benefit flying insects (Vergnes et al. 2012). Stepping stones may benefit fewer
species than corridors because species that are unable to cross through the
urbanized matrix between patches may not use them (e.g., ground-dwelling or
other highly urban-sensitive species). Improving connectivity by reducing barriers
can reduce mortality in species that are frequently killed by cars or other hazards.
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Ohlone Greenway in Berkeley, California (Photo courtesy of Kelguen, CC by 2.0)

GREEN STREETS
LEVEL: Local Corridor
FUNCTION:	Promote local movements
and connect patches or
larger corridors

RIPARIAN CORRIDORS
LEVEL: Regional Corridor
FUNCTION:	Promote regional movement across cities

GREENWAYS
LEVEL: Local Corridor
FUNCTION:	Promote local movements
and connect patches or
larger corridors

WILDLIFE CROSSINGS
LEVEL: Barrier Reducer
FUNCTION:	Reduce road-related
mortality
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Guidelines
1. Prioritize the creation and protection of regional corridors.
Where regional corridors already exist, improvements can be
made through active restoration to improve habitat quality
and increase width. Where they do not yet exist, acquiring
greenspace to link patches together can build towards the
development of regional corridors.
2. Fill gaps in corridors. Gaps in corridors can be filled
where breaks in the continuity of vegetation are created by
urbanization or where barriers are created by roads or other
physical features. Priority should be placed on actions that
can fill gaps, such as strategic acquisition of land.
3. Reduce barriers. Activities that reduce barriers caused by
roads, impervious surfaces, fences, and buildings include
mitigating sensitive road crossings with underpasses or
overpasses, daylighting streams, and removing fencing.
4. Protect, acquire, and improve stepping stones. New
stepping stones can enhance connectivity between large,
high-quality patches. City parks, networks of connected
backyards, and flood detention basins are all examples of
urban greening actions that can create stepping stones.
5. Prioritize hydrological connectivity and connections between
different habitat types. Connecting adjacent habitats can
be achieved by acquiring, protecting, and improving habitat
patches in strategic locations (e.g. upland patches adjacent to
corridors of riparian habitat). Hydrological connectivity can be
improved by removing barriers to fish passage, or by setting
back or removing levees to reconnect streams to floodplains.
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6. Improve within-patch connectivity. Connectivity within
greenspaces can be enhanced by creating high-quality habitat
around existing features such as water features or large trees.
Reducing or removing local barriers, such as through road
removal or seasonal closure of roads during peak ecological
activity, can also serve to enhance connectivity within
greenspaces.

Charleston Retention Basin in Mountain View, California (Photo courtesy of Shira Bezalel)
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element 03:

matrix quality
definition
Habitat elements
that support ecological process
and movement in
the urban matrix
between patches
of greenspace
and corridors.

Significance in urban areas
The capacity of patches of greenspace in cities to support
biodiversity depends in part on the habitat quality of the adjacent
urban area. Patches of similar size amidst high-quality habitat
in the urban matrix tend to support more species than those
with surrounding high impervious cover and low habitat quality
(Goddard et al. 2010, Ikin et al. 2013, Norton et al. 2016). Improving
matrix quality can have a number of benefits for biodiversity. For
example, high matrix quality around existing patches of greenspace
can increase the effective size of a patch, allowing plants and
animals additional space for life functions and movement.
Improving the quality of the matrix can enable patches to support
more species (Ikin et al. 2013) and higher numbers of individuals
of each species (Loeb et al. 2009), buffering populations from
local extinction (Williams et al. 2009). Matrix habitat can also
increase connectivity by enabling organisms to move through the
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matrix from one patch to another (Malanson 2003, Baum et al. 2004, Evans et
al. 2017). Low-quality matrix can impede movement (ex. Evans et al. 2017) and
the effectiveness of corridors and stepping stones can depend strongly on the
surrounding matrix (Baum et al. 2004, see related element Connections). Higher
matrix quality is also linked to better support of populations and richness of
species in the matrix itself (Fernandez-Juricic 2000, Goddard et al. 2010, Belaire
et al. 2014, Greco and Airola 2018). Improving matrix quality may also reduce edge
effects, or the negative effects of fragmentation associated with the boundary
between patches of habitat and adjacent urban land (Driscoll et al. 2013).
Matrix quality can be improved through a variety of urban greening interventions.
Adding trees and other vegetation along streets and in private yards can provide
cover and food sources for wildlife and increase the diversity of plants supported
in the urban landscape (Bateman and Fleming 2012). Higher proportions of
greenspace and tree canopy (Ziter 2016), and increased native plant abundance
and richness (see element Native Vegetation) have all been found to improve
animal biodiversity both in the matrix and in adjacent patches of greenspaces.
Matrix quality can also be improved by increasing vegetation complexity by adding
shrubs to create vertical structure (Fernandez-Juricic 2000, Belaire et al. 2014).
Improving available soil and soil health can also increase the ability of native plants
to establish and thrive (Pickett et al. 2011). Finally, preserving large trees, water
features, and other special resources can enhance the quality of matrix habitat
(see element Special Resources).
Opportunities to improve matrix quality depend on patterns of land use and
land cover. Urban density and the footprint of individual buildings can impact
the amount of space available for plant growth (Cadenasso et al. 2007). Building
height and infrastructure constraints can also potentially impact tree canopy
cover. Planning with these considerations in mind can help make for more
effective matrix quality improvements.
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Who benefits from matrix quality
improvements?
Habitat and diet generalists and aerial species may benefit
most from improving matrix quality because they are
more likely to tolerate urbanization, and are more able
to use multiple adjacent resources as they move through
landscape (Goddard et al. 2010). For example, flying animals
such as birds and winged insects can more easily traverse
barriers such as roads. Native plant species that are
planted by people can also themselves benefit from matrix
improvements. For example, plants that are aesthetically
pleasing or valued by people may be planted more
frequently, and allowed to persist more often than species
perceived to be weedy.

MATRIX ELEMENTS:

Street trees
Rain gardens and
bioswales

Bioretention
basins
Yard improvements

Green roofs
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Anna’s Hummingbird (Calypte anna) (Photo courtesy of Shira Bezalel)

COORDINATED MATRIX IMPROVEMENTS:

Between patches can increase patch
connectivity

Around patches can increase the
effective size of patches

Along corridors can increase
the effective width of corridors

Legend
Grouped between patches can
create habitat complexes that act
as stepping stones

Matrix Elements
Patches
Corridors
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Guidelines
1. Prioritize matrix improvements around existing patches. Improving food
resources and cover around patches can effectively increase the size of the
patch. Some of the most valuable matrix improvements may be those that
increase the effective patch size of biodiversity hubs, or other large patches
of high-quality habitat (see Patch Size), though matrix improvements around
smaller patches can also be beneficial.
2. Prioritize matrix improvements where they will enhance connectivity.
Matrix improvements such as increasing tree canopy cover or planting
the appropriate native vegetation to fill gaps in regional corridors may be
the most effective action to increase landscape connectivity, though new
connections between patches of habitat are also important.
3. Create habitat complexes in the urban matrix. Matrix quality can be improved
in areas that are not adjacent to regional corridors or patches of greenspace by
coordinating actions to form habitat complexes that function like small patches.
These habitat complexes can create stepping stones between patches and can
support biodiversity in their own right. One approach is to center the creation
of habitat complexes around existing special resources such as large trees or
water features. For example, in California, planting native oaks around existing
large oaks may enable support for acorn woodpecker colonies and other oakassociated species in the urban landscape (Spotswood et al. 2017).
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(Photo courtesy of Robin Grossinger)

Hauser & Wirth in Los Angeles, California (Photo courtesy of Robin Grossinger)
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element 04:

habitat diversity
definition
The type, number, and spatial distribution of habitat
types within the urban
area. Together, mosaics of
habitats create diversity
in habitat types at the
landscape scale.

Significance in urban areas
Habitats are made up of assemblages of plants and animals that live together
in similar types of locations. In relatively undisturbed areas, landscapes
are usually characterized by mosaics of habitat types that follow physical
and environmental gradients. This diversity is critical for supporting overall
biodiversity (Tews et al. 2004). Landscapes with more habitat diversity can
support higher numbers of species because they contain more total resources
and niches for a diverse array of organisms to fill (Tews et al. 2004). Additionally,
habitat diversity enables species to access resources in multiple types of
habitats as they move across the landscape (Tscharntke et al. 2012). Thus, it
is both the diversity of habitats and their spatial arrangement that fosters
biodiversity (Tscharntke et al. 2012).
Urbanization leads to fragmentation, which can disconnect formerly adjacent
habitat types. Widespread planting of common non-native plants exacerbates
fragmentation by homogenizing vegetation and reducing the potential for
multiple distinct habitat types to be expressed across urban landscapes
(McKinney 2006, Schwartz et al. 2006). The impact of habitat diversity on
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biodiversity has not been well studied in cities, presumably due to the difficulty in establishing
appropriate study designs, given the fragmentation and homogenization that has already
occurred. Nevertheless, there is good reason to believe that habitat diversity is as important
in urban landscapes as it is in non-urban systems, and the best available supporting evidence
comes from studies of urban parks and open spaces.
A number of studies have found that parks with higher habitat diversity support more species
(Faeth et al. 2011, Nielsen et al. 2014). Similarly, several studies have found that parks that
contain rare and unique remnant habitat types also tend to support distinct assemblages
of species specialized to those habitat types. For example, remnant woodlots have higher
butterfly and ground beetle diversity than landscaped parks in Tokyo (Soga et al. 2014). Open
spaces with rare fynbos shrub land in Cape Town, South Africa support higher bird diversity
than areas dominated by an invasive Acacia tree (Dures and Cumming 2010). In San Diego,
California, canyons with larger patches of relatively undisturbed chaparral support more
chaparral-associated bird species (Soule et al. 1988).
Within habitats, the spatial and vertical arrangement of plants, accompanying physical
features, and interactions among plants and animals work together to support biodiversity.
Thus, it is not simply the list of plants that occur, but rather how they interact with the
physical environment, and the presence of other plants and wildlife that work together to
make coherent habitat types. These fine-scale features are important in both urban and
non-urban ecosystems. For example, in urban areas the spatial arrangement and diversity of
vegetation, the presence of woody debris and leaf litter, and the presence of a multi-layered
canopy are all associated with higher biodiversity (Goddard et al. 2010, Shwartz et al. 2013,
Le Roux et al. 2014, Beninde et al. 2015, Goddard et al. 2017). It is important to note that the
spatial complexity and physical features that define habitats are all highly specific to individual
habitat types. Therefore, establishing habitats within an urban landscape should aim to
replicate the spatial and physical elements that define each type independently. Doing so
requires considering the spatial complexity of plants and the distribution of other “keystone
structures”, such as trees in a savanna landscape (Tews et al. 2004).
To address the homogenization and lack of habitat diversity in urban landscapes, some
scientists have recommended creating habitat zones to guide planting at the city scale. These
zones could use historical ecology information as a guide, alongside relevant contemporary
information and climate change predictions (Löfvenhaft et al. 2002, Beller et al. 2010). Creating
habitat zones could increase the diversity of habitats at the city scale, while also enabling
coherence within habitat types (Goddard et al. 2010, Aronson et al. 2017).
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Who benefits from habitat type and structure?
Creating a diversity of habitat types across urban landscapes will most benefit native species that
can tolerate urbanization. Building a diverse portfolio of habitat types, including rare habitats, will
create resources for a broader array of species, including species that are highly specialized to a
particular habitat type. Species that use multiple habitats may benefit from habitat adjacency that
enables movement across the landscape.

Zone A

LEVEL: site scale
BENEFITS:	provides habitat
heterogeneity and
structure

Zone B

Zone C
Zone A

Zone C

Zone B
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LEVEL: landscape scale
BENEFITS:	coherence and
heterogeneity at the
landscape scale

Guidelines
1. Create habitat zones. Habitat zones based on historical and physical information
can be incorporated into a variety of urban greening actions across a variety of
land use types, through actions like backyard gardening, street tree programs,
landscaping, and park management.
2. Mimic the characteristics of particular habitat types. Urban biodiversity
interventions should seek to mimic, recreate, and preserve the spatial and vertical
complexity that is characteristic of a particular habitat type.
3. Promote adjacency and connections across habitat types. Creating connections
between habitat types can be achieved through matrix improvements and
vegetation management within greenspaces. For example, coordinated efforts in
residential yards can create more coherent transitions between riparian and upland
habitats.
4. Restore and conserve rare habitat types. Patches of remnant and rare habitat
types that are uncommon in surrounding landscapes (e.g. sand dunes in San
Francisco, CA and montane fynbos in Cape Town, South Africa) deserve special
protection and recognition. Protecting remaining tracts of these habitats and
restoring them where they historically existed will benefit the plants and animals
that rely on the unique resources they provide.

Charleston Retention Basin (Photo courtesy of Shira Bezalel)
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element 05:

native vegetation
definition
Plant species
long evolved in a
specific geography (including
anticipated range
shifts as the climate changes).

Significance in urban areas
Native plant communities structure and define habitat types, and are critical for
supporting a diversity of wildlife. Many studies have found greater biodiversity
in urban greenspaces with greater abundance and richness of native plants
(Goddard et al. 2010, Aronson et al. 2017, Threlfall et al. 2017). Native plants have
complex and interdependent relationships with other organisms, developed
through deep shared evolutionary histories (e.g. Ehrlich and Raven 1964). Many
insects have strongly specialized relationships with host plants or specialized
diets resulting from adaptations to tolerate plant chemical defenses (e.g. high
tannin content in oak leaves, Stone et al. 2009). The presence of specialized
insects can form the basis of food webs that cascade upwards, enhancing
biodiversity of other wildlife. As a result, non-native plants are often poor
substitutes for native plants, and exotic-dominated urban habitats tend to
support less native wildlife (Goddard et al. 2010, Aronson et al. 2017).
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Native plant species can also create favorable soil conditions that facilitate nutrient
cycling, regulate the pH and other chemical properties (Dahlgren et al. 1997), and
enable interdependent relationships among microbial communities (Dahlgren et al.
2003) and other plants (Brooker et al. 2008). These relationships are often eliminated
during development (Carreiro et al. 1999), and can be disrupted by exotic species that
change soil properties (e.g. Eucalyptus in Wolf and DiTomaso 2016; garlic mustard
in Wolfe et al. 2008). While biodiversity generally increases with greenspace area
(see Patch Size), lawns and exotic-dominated plantings can reduce capacity for
greenspaces to support biodiversity (Tonietto et al. 2011, Threlfall et al. 2017). Native
plants can be integrated into the landscape in underutilized areas of parks and yards
without compromising lawns used for recreation.

Remnant patch of native Oaks in Flood Park, Menlo Park, CA (Photo courtesy of Erica Spotswood)
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------------------------------------------------------------------------------

native species
and climate change
Climate change poses a challenge to native plants and animals (Thomas and
Gill 2017). Individual species will respond differently, and in potentially
unpredictable ways. Some will tolerate the new conditions, while others
will adapt. Still others will migrate to track a changing climate, and
some may go extinct (Feeley et al. 2012). Providing the maximum support
possible to biodiversity is one strategy for helping species cope as
climate change accelerates. This support should include a variety of tools,
including providing habitat and connectivity where species are today
(Heller and Zavaleta 2009).

Cynipid wasp gall in oak tree (Photo courtesy of Jennifer Natali)
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Prioritizing native species support within their contemporary ranges
is likely to be critical for enabling species to stay in place, adapt, or
migrate with climate change. However, even with conservation planning,
many native species are likely to be threatened with extinction. For
these species, other options, including translocating individuals,
either within their existing ranges (e.g., assisted gene flow), or to the
leading edge of their ranges where the climate is newly suitable (e.g.,
assisted migration or assisted colonization) may make sense alongside
other conservation measures.
In addition, it may also be necessary to import species from other
locations. Preparing now for success in the future is most relevant
and pressing for long-lived tree species that will need to tolerate
conditions well into the future. Planting trees now to prepare for
climate change may be particularly important in cities, where trees
are crucial to helping cities adapt (Brandt et al. 2016). Where there is
a risk of species loss as the climate shifts, assisted colonization can
help replace species and the biological interactions they bring with
them (Gallagher et al. 2015). Climate and ecological science can be
used to help identify species that may benefit from translocation, and
may be able to fill in for missing species in the future (Gallagher et
al. 2015). In many cases, this may mean selecting species from nearby
regions further south or at lower elevations that are similar to those
at risk (Brandt et al. 2016). Species from nearby may be more likely to
need translocation, and more likely to already possess the ability to
support wildlife.
Both assisted migration and assisted gene flow pose risks, and there
are significant unknowns in how species will respond. Among the risks
are the potential for translocated species to become invasive, alter
species interactions, or introduce novel diseases, all of which could
destabilize ecosystems (e.g., Hunter 2007, McLachlan et al. 2007,
Aitken and Whitlock 2013). Because species are expected to respond
differently to climate change based on a variety of traits, including
dispersal ability, physiological tolerance, and genetic diversity, it will
be necessary to weigh the risks of translocation against the risk of
extinction on a species-by-species basis (Pecl et al. 2017). A recently
developed framework for adapting urban forests under climate change
suggests using vulnerability assessments across species to combine
scientific information with social and organizational information to
develop strategies for protecting urban forests under climate change
(Brandt et al. 2016). This type of framework may help guide decisions
related to appropriate tree choices for the future.
------------------------------------------------------------------------------
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Who benefits from native vegetation?
While many native species can benefit from increased cover and distribution
of native plants, wildlife with specialized relationships with individual plant
species will benefit in particular. Monarch butterflies (Danaus plexipus), for
instance, lay their eggs only on milkweeds (Asclepias spp. , Sears et al. 2001), and
many other insects are dependent on specific native species for food, shelter
and reproduction. Species that occupy lost or rare habitats may also benefit.
Some examples include neotropical migrants that favor willow groves during
migration (Sedgwick 2000), Cynipid wasps that specialize on oaks (Cornell 1985),
and migrating songbirds that spend part of the year in valley oaks in Sacramento
(Greco and Airola 2018).
Native plants themselves can also benefit from protection and support in cities,
particularly for species that face conservation challenges outside urban areas.
For example, many native wildflowers face severe competition with non-native
annual grasses in grasslands throughout California (D’Antonio et al. 2007). The
potential for more intensive management of native wildflowers in gardens and
other greenspaces could help to create thriving populations of some species in
cities, serving broader conservation goals.

REMOVE INVASIVE SPECIES
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PROTECT NATIVE SPECIES

Guidelines
1. Plant and protect native plants to increase patch size, matrix
quality, and connectivity. Within parks and protected areas,
habitat patch size can also be increased if turf or paved areas are
Diversity and abundance

converted to native plant gardens. In the urban matrix, native
plants can be concentrated around existing large patches of
greenspace, or to fill gaps in corridors. Local sourcing of native
seed can protect genetic adaptation to local environments,
and enhanced connectivity of native plants through the urban
environment can promote gene flow and increase effective
population sizes.
2. Plant a diversity of native plants to provide year-round resources.

Flowers, fruits, and nuts

Supplying native plants that provide resources (such as flowers
for pollinators) throughout the year can help to support a higher
diversity of wildlife. The timing of seasonal production of flowers
and fruit by native plants is also more likely to be aligned with
migratory patterns and needs of native wildlife.
3. Remove and replace non-native vegetation with native plants.
Areas of turf grass that are not used for heavy recreation, front

Year-round resources
for wildlife

yards, or sidewalk edges all provide opportunities for replacement
with complex native vegetation.
4. Plant and manage host-specific plant species. Proactive
management of species with known host-specific links to animals
can benefit populations of these species. For example, milkweeds
can be planted to support Monarchs, and native oak trees can be
planted in groves to support acorn woodpeckers, cynipid wasps,
and the many other oak specialist species that accompany them
(Spotswood et al. 2017).

Complementary plants
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element 06:

special
resources
definition
Unique habitat
features necessary to support
species’ life
history requirements, including
large trees, wetlands, streams
and rivers.

Background and significance
Many species have specific habitat requirements, and may be less successful
in cities if specific requirements are not met (Devictor et al. 2008, Herrmann
et al. 2012). In some cases, specialized requirements may only occur during
certain times of year, or during certain life stages. For example, many birds have
generalized diets and behavior, but have specific nesting requirements that
can only be met by certain features, such as cavities in trees. Two particularly
important special resources are water and large trees. These features support
large numbers of species, creating site-scale hubs of biodiversity, and even a
garden pond or a single large tree in a pocket park can be meaningful for species
(Gaston et al. 2005, Stagoll et al. 2012).
All species rely on water, and in the urban landscape, water features are
associated with greater biodiversity (Beninde et al. 2015). Urban water bodies
serve as important hubs for both terrestrial and aquatic species (Hill et al. 2017).
Ponds can serve as stepping stones of connectivity for insects and amphibians
(Gledhill et al. 2008), and are also important for terrestrial organisms (Gaston et
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al. 2005). Large trees serve as the foundation for a local ecosystem on a small
scale, providing large canopies and woody debris for shade and cover, cavities
for nesting, flowers and fruits for forage, and litter that fertilizes soil (Stagoll et al.
2012).
Where special resources are not present, analogous features can sometimes
serve a similar role (Lundholm and Richardson 2010). For example, cavities in
trees are often limited in urban areas because large trees are rare (Roman and
Scatena 2011) and dead limbs are proactively removed. Other types of valuable
nesting habitat, such as ground cover, natural debris piles, and rock crevices are
often lost during development, or are often highly modified. Artificial structures
can help fill this void, providing habitat for a variety of organisms. Infrastructure
such as bridges, culverts, buildings and utility structures, provide habitat for
many bird species and bats (Keeley and Tuttle 1999, Morelli et al. 2014). Nest
boxes can effectively serve as substitutes for cavities, supporting reproduction in
cavity-nesting birds (Hamerstrom et al. 1973, Milligan and Dickinson 2016). Welldesigned, located, and maintained bird boxes have the potential to support
native birds in cities (Jackson and Tate 1974, Lindenmayer et al. 2009, Charter et
al. 2010, Hedblom and Söderström 2012). Certain nest boxes can also support
native bees, and dead wood piles in gardens can support other insects and
native reptiles (Gaston et al. 2005, Garden et al. 2007).

(Photo courtesy of Brocken Inaglory, CC by 2.0)

51 • An Urban Biodiversity Framework

Who benefits from special resources?
Water benefits most wildlife and many plants. In cities, water bodies can
support aquatic species that will not otherwise occur in the urban landscape,
including aquatic invertebrates, amphibians, and fish. Water is also critical for
most terrestrial wildlife, though in urban landscapes, urban-tolerant species
may be the most common users.
Large trees can support a wide variety of species as well. Many insects may
benefit from large masses of flowers or fruits (Cornell 1985, Stagoll et al. 2012).
Bee hotels can create nesting habitat for native solitary bees. Other terrestrial
insects, amphibians and reptiles, can find habitat in woody debris piles and
other artificial structures with crevices. Nest boxes for birds can benefit some
cavity nesting birds, though they should be designed, located and maintained
carefully to manage for native species. Bridges can serve as roosting and
nesting sites for swallows and bats.

STREAMS

PONDS

LARGE TREES
LAKES

WETLANDS
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Guidelines:
1. Protect, improve, and create new water features. Protecting wetlands and stream
corridors can be achieved through riparian setback policies and statewide and
federal wetland protection regulations. Some examples of new water features can
include retention basins, small ponds, or bird baths and fountains. Even small mud
puddles have benefits to some butterfly species during the dry season.
2. Protect, maintain, and plant large native trees. Large native trees should be
protected and proactively maintained where they already exist, in recognition of the
unique role they play in supporting biodiversity. Protecting large trees on private
and public property can be accomplished through city-wide tree ordinances, urban
forest management plans, and other policy mechanisms. Planting trees that will
become large over time will help ensure the continued presence of large trees in the
future.
3. Create and protect structures that support nesting and other life functions. Nest
boxes, insect hotels, and bat boxes can be used to support cavity nesting birds,
native bats and bees, arboreal mammals, and other organisms. These features can
be modified in their design to better support native species (Jokimaki 1999, Cates
and Allen 2002, Remacha and Delgado 2009).

(Photo courtesy of Phillip Shoffner, CC by 2.0)
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element 07:

management
definition
Human activities
and planning that
promote positive biodiversity
outcomes.

Background and significance
Improving the ways humans manipulate the landscape can help support more species in cities.
From park maintenance to homeowner yard management to building design, a wide variety of
human actions can influence biodiversity (Beninde et al. 2015). Among the many management
actions that can benefit biodiversity, strategic stewardship of vegetation can improve its
habitat value. Avoiding pruning trees and shrubs during bird and mammal breeding seasons
can help reduce the impact of these activities on local wildlife (Hails and Kavanagh 2013).
Retaining dead trees and branches can support cavity-nesting animals (Sandström et al.
2006), and these resources are particularly important given their rarity in urban landscapes
(Stagholl et al. 2012). Leaving fruit and seeds on the ground can also increase food availability
for local wildlife.
Promoting soil health is also an important component of managing for biodiversity. Soil
compaction, degradation, and fill are common in cities, and can impede native vegetation
communities from establishing. Improving soil quality through mulching, soil decompaction,
or other interventions can benefit native plants and the animal communities that depend on
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them (Costello et al. 2011, Fite et al. 2011, Shwartz et al. 2015). Retaining leaf litter on the ground
can also improve soil health and nutrient cycling, and fallen and decaying leaves and logs can
also provide habitat (Gaston et al. 2005). Metal concentrations and water availability are also
often modified in urban environments, and managing these inputs can help promote native
plants over non-natives.
Reducing the area covered by lawns and changing how they are managed can also help
support biodiversity. Lawns require frequent upkeep, including mowing, irrigation, chemical
fertilizers and pesticide addition, and are often composed of only a few non-native species.
These management inputs tend to reduce biodiversity (Aronson et al. 2017) and are resourceintensive, with particularly acute costs in arid and semi-arid ecosystems. Replacing lawns
with more drought-tolerant native vegetation can increase plant and animal biodiversity
while reducing other impacts, such as water demand and pesticide use (Donofrio et al. 2009).
Where lawns are desirable for recreation and social gathering, reducing the use of fertilizers
and pesticides as well as the frequency of mowing will help reduce their negative impacts on
biodiversity (McKinney 2006, Lerman et al. 2018).
Beyond vegetation management, other stressors that limit biodiversity in cities include
noise, light pollution, and chemical pollution in local soils and waterways. Pesticides, in
particular, can adversely impact biodiversity (Shwartz et al. 2013). Urban infrastructure also
creates challenges for plants and animals. Vehicle traffic leads to roadkill and noise that
disturbs bird communication (Cardoso 2014). Reducing vehicle speed and adding trees near
roadways can reduce wildlife mortality and noise impacts (Fang and Ling 2003, Hobday and
Minstrell 2008). Street and building lighting can be modified to reduce impacts on nocturnal
animals (Longcore and Rich 2004). Windows on buildings can also be designed to improve
visibility to birds (Erickson et al. 2005).
Interactions with other species can also impact biodiversity in cities as well. Urban-adapted
or invasive species may have negative impacts on native biodiversity through predation
(Shochat et al. 2006, Rodewald and Gehrt 2014), competition (Faeth et al. 2005), and disease
exposure (McCleery et al. 2014). For example, domestic cats can be prolific predators that
limit bird populations (Loss et al. 2013). Managing to control pests, pathogens, and invasive
species can help alleviate the negative impacts on native biodiversity (Bradley and Altizer
2007, Shochat et al. 2010). Management practices often follow seasonal climatic and ecological
cycles. Land managers can strategically plan their interventions to limit ecological impacts (see
Management section in Chapter 3 for an example).
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Who benefits from management?
Managing for biodiversity has the potential to benefit a wide
range of organisms. Reduced use of harmful pesticides will
promote insect diversity and help support the birds that prey
on them, while improved water quality in downstream creeks
and rivers can enhance aquatic food webs. Tree-nesting birds
and ground-dwelling wildlife will thrive with biodiversityfocused vegetation management. Managing domestic
cats and feral cat colonies will aid most bird species, and
particularly ground-nesting birds. Many ground-dwelling
animals will have higher survival where road and vehicle
management reduces traffic speeds and barriers. Wildlifefriendly lighting can support nocturnal animals such as moths
and migratory birds. Native plant populations can also benefit
from biodiversity-friendly management, and can indirectly
support additional species.

Downed logs

Leaf litter

Limit light pollution

Minimize lawns
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Bird-safe windows

Reduce chemical inputs

Bird & bat nests

Support healthy soils

Guidelines:
1. Manage vegetation to mimic natural structure and form. Maintain the
integrity of vegetation and leave organic materials on the ground, including
logs and branches. In large open spaces where pedestrian traffic is minimal,
maintain dead trees on the landscape. Reduce frequent mowing, and
if possible, maintain clippings on the ground in areas where mowing is
necessary. Consider nesting season and nest or den sites when designing
vegetation management plans.
2. Control invasive and urban-adapted nuisance species, pests, and pathogens.
Manage invasive species through active restoration. Promote screening
programs for diseases in animals and key vectors at plant nurseries and
other centers of biotic transport, such as animal shelters, pet shops, and
trading ports. Vaccinating domestic pets and wildlife at rehabilitation centers
and treating with antiviral or anti-parasitic drugs can reduce exposure and
transmission of pathogens to wildlife.
3. Mitigate and reduce pollutants and chemical inputs. Reduce the use of
chemical inputs, including pesticides, chemical fertilizers, rat poison, and other
pest control chemicals, particularly near water sources.
4. Target management in large, regionally significant corridors and biodiversity
hubs. Prioritizing management for biodiversity may be most possible in
large regional corridors and parks, where planning can integrate biodiversity
management as a key priority. Mitigating stressors can be accomplished
by creating wildlife crossings or closing roads during certain times of year,
reducing vegetation management during sensitive periods, and leaving leaf
litter, dead trees, and dead branches in place in areas with little foot traffic.
5. Design infrastructure to be wildlife-friendly. Reduce noise pollution by
adding sound barriers and trees along roads. Promote the use of bird-friendly
window design. Mitigate light pollution by dimming or turning off lights at
night, using shields on street lights, and using green/blue night lights on
buildings to reduce disorientation of birds (Ogden 1996, Poot et al. 2008).

§
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3 CASE STUDY:
SILICON
VALLEY
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Introduction

The region we think of as Silicon Valley lies in a densely
urbanized valley (approximately 270 square miles) made up
of several cities in Santa Clara County, California. Like many
urban areas, the landscape is highly fragmented, crisscrossed
by freeways, and covered by roads, buildings, and other
infrastructure that pose many challenges for biodiversity.
However, Silicon Valley also contains significant areas of
habitat, particularly along creek corridors and in open spaces.
Local biodiversity data show that Silicon Valley has a diverse
community of plants and animals. Existing biodiversity,
distributed through open spaces, backyards, urban trees, and
other spaces can form the foundation from which to build
more effective support for biodiversity.
Silicon Valley’s sprawling suburban neighborhoods, mixed
with commercial and industrial development, share
similarities with many urban areas in the United States,
making it an ideal case study for applying the elements
outlined in Chapter 2 to a real landscape. A critical first step
is to identify data sources that can show where existing
biodiversity resources lie. In this chapter, we use Silicon Valley
as an example to demonstrate how local data can be used
to identify each element on the landscape. In any landscape,
this process will likely lead to new insight about the region’s
support for biodiversity, and generate many ideas relevant for
the biodiversity planning process.
It is also helpful to explore the history and trajectory of a
place to understand its current potential — including which
habitats the landscape used to support and how the physical
and ecological patterns that underpin these ecosystems have
changed over time. We begin this chapter by providing a brief
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Figure 3.1 The region we know of as Silicon Valley (also
called Santa Clara Valley), and its major cities, lie in
Santa Clara County. To the north lies the San Francisco
Bay. The Santa Cruz Mountains lie to the west and south,
and the Diablo Range to the east. Coyote Valley to the
south is a landscape of agriculture and ranches that
serves as a critical wildlife linkage connecting the two
mountain ranges.

overview of Silicon Valley’s environmental, ecological, and land use history to
help provide this context. We then draw on regional data to highlight how the
seven elements of the Urban Biodiversity Framework can be applied to Silicon
Valley. Cities are of course extremely diverse and complex, with unique histories,
land-use legacies, environmental and socio-economic contexts, and a multitude
of other factors. Because of this complexity, the process of applying the
elements will vary across different cities. Chapter 4 outlines general approaches
for using data-driven insights to develop a cohesive urban biodiversity strategy
across land use types in any city.

Silicon Valley History and Change
Silicon Valley (also called Santa Clara Valley) lies between the Diablo Mountain
Range to the east and the Santa Cruz Mountains to the west. Like the rest of the
San Francisco Bay Area, Silicon Valley’s climate is Mediterranean with mild, rainy
winters and warm, dry summers. Nestled between these two mountain ranges,
the valley experiences both hotter temperatures (average summer highs above
80° F [NOAA 2019]) and less rainfall (average annual precipitation 14 inches
[Galloway et al. 1999]) than the cooler, damper climate of San Francisco to the
northwest.
The valley floor was historically defined by well-drained alluvial soils near the
foothills and more poorly-drained clay soils with high groundwater closer to
the Bay. Soil conditions and groundwater have been significantly altered in
many areas: artificial fill overlays clay soils in many places near the shore, and
development has compacted and altered soils through much of the urbanized
valley. Largely due to pumping for agriculture, groundwater levels dropped
precipitously during the nineteenth century, causing localized subsidence in
many places. In the last several decades, groundwater and subsidence have
been stabilized by reduced pumping and recharge (Galloway et al. 1999).
Transformed over the past two centuries into the hub of technological
innovation we know today, the urban landscape of Silicon Valley bears little
resemblance to the historical landscape of vast oak woodlands, chaparral, and
creeks that terminated in wet meadows and tidal marshes. Over the coming
decades, Silicon Valley is expected to go through yet another transformation.
Job growth over the next 20 years is projected to lead to substantial increases
in population (McKenzie et al. 2017). Developed largely as low-density suburban
housing during the decades after WWII, Silicon Valley will be challenged to
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accommodate this new growth, and will face pressure to increase density within
the urban footprint and to develop into existing open space on the urban fringe
(Karlinsky et al. 2017, McKenzie et al. 2017).
These economic and social drivers will put pressure on urban greenspaces that
could be developed or transitioned to other uses, and could lead to changes
that will support less biodiversity. However, these pressures will also present an
opportunity: if we incorporate biodiversity and ecological resilience into plans for
the future, we can create a Silicon Valley that benefits both people and nature.
In shaping the biodiversity and resilience of the cities of Silicon Valley’s future,
we will create a model for better alignment between nature and people, both in
California and beyond.

Land use and biodiversity planning
Silicon Valley today contains a diverse array of land uses. Suburban residential
development covers the majority of the region, with commercial and industrial
zones concentrated along major transportation corridors and in the lowerelevation areas fringing the Bay (Figure 3.2). The surrounding foothills support
a patchwork of agriculture and open space, much of which is under local
protection through regional park districts. Protected open spaces likewise
encompass the majority of the land along the San Francisco Bay to the north of
Silicon Valley.
Current zones of land use generally reflect ecological patterns in the valley
that existed prior to major development. Stream courses still mostly mark
their former locations, though many have been straightened and connected
to the Bay. Oak savannas, woodlands, and patches of grassland and chaparral
were once found on the well-drained alluvial soils that are now subdivisions.
Expansive wetland habitats such as seasonal meadows, perennial wetlands, and
willow groves were found across thousands of acres of flat, lower-lying areas
(Beller et al. 2010). These areas remained undeveloped much later and still tend
to support a lower density of industrial and commercial development than
neighboring former oak groves (Grossinger et al. 2006, Grossinger et al. 2008,
Beller et al. 2010, Spotswood et al. 2017).
The possibilities and suitability for urban biodiversity interventions in different
parts of the region vary according to these land use types. For example, creating
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a small habitat patch on a residential property might involve
converting lawn to native vegetation, whereas doing so along
a transportation corridor could be accomplished by installing
vegetated medians and green infrastructure. Similarly, variations
within a given land-use type (e.g., different parcel sizes and
owners) will also influence what actions make sense to prioritize
where. In areas with high urban density, actions might be limited
to native landscaping, while in low-density areas and open
spaces, opportunities could include maintaining large trees and
creating relatively unmaintained habitat patches.

Biodiversity in Silicon Valley
Silicon Valley lies within the California floristic province, a global
biodiversity hotspot with both exceptional diversity and a
high number of species endemic to the state (Baldwin 2014).
California has both the highest plant and animal biodiversity
in the country, and the second highest number of threatened
species (Tershy et al. 2016). This statewide pattern is also evident
in Silicon Valley (Bousman 2007, Baldwin et al. 2017).
While development has transformed the vast majority of
ecosystems on the Valley’s floor, the large protected areas in the
adjacent hills and the Bay and the working landscapes of Coyote
Valley to the south continue to provide significant habitat for
plants and animals (Fig. 3.1). Unique endemic species such
as the ridgeway’s rail (Railus obsoletus) and bay checkerspot
butterfly (Euphydryas editha), and habitats such as california
sycamore (Platanus racemosa) alluvial woodlands and valley oak
(Quercus lobata) woodlands are still found in pockets across the
landscape. Santa Clara County supports hundreds of species
of mammals, birds, reptiles, amphibians, and freshwater fish,
as well as considerable native invertebrate and plant diversity
(County of Santa Clara et al. 2012). While many of these species
have populations concentrated in the hills, many also move
through and use resources from the urban matrix. Some
examples include native birds such as oak titmice (Baelophus
inornatus), Anna’s hummingbirds (Calypte anna), Bewick’s wrens
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(Thryomanes bewickii), and Nuttall’s woodpeckers (Picoides
nuttallii), or large mammals such as coyotes (Canis latrans) (eBird
2019, iNaturalist 2019).
The urban floor of Silicon Valley is distinct from the surrounding
landscape, representing unique topographic, hydrological, and
soil conditions that are not common in the surrounding hills or
the Bay. To some extent, contemporary biodiversity patterns
reflect the unique conditions found only on the valley floor. For
example, willow flycatchers (Empidonax traillii) visit remnant
patches of willow groves, now found primarily in flood detention
basins in the urban landscape (eBird 2019). These willow groves
were common historically on the valley floor close to the Bay,
and remain to this day uncommon in the surrounding hills.
In the following pages, we draw on local datasets to identify
existing biodiversity assets in Silicon Valley associated with each
of the seven elements identified in Chapter 2. Drawing from
local ecosystems, we identified focal species likely to benefit
from interventions associated with each element. The selected
species represent a range of taxonomic groups and life history
traits such as habitat preference, home range size, mode of
movement, and degree of habitat specialization. We also used
local datasets to identify species that are able to tolerate
urbanization, and thus most likely to benefit from biodiversity
improvements in the urban landscape. Taken as a group, these
species demonstrate how the elements can work together to
create a set of actions likely to benefit a wide range of species
that use the landscape in a variety of ways.
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element 01:

patch size
Regionally, the largest patches of habitat lie outside the urban
core in extensive conserved open spaces surrounding Silicon
Valley. To the north, Don Edwards National Wildlife Refuge
and other preserves protect thousands of acres of wetlands
along the San Francisco Bay. To the south and east, county
parks and open space preserves conserve forests, grasslands,
and chaparral in the Santa Cruz Mountains and Diablo Range.
These large protected areas serve a critical role in supporting
regional populations of native wildlife and plants, and also likely
influence urban biodiversity. For example, some species move
between urban and adjacent conserved landscapes daily or
seasonally (Davis et al. 2012). For other species, occasional
dispersal to the urban area from adjacent wildlands may allow
the urban population to persist (Stacey and Taper 1992).
Within Silicon Valley’s urban boundary, the majority of significant
patches of habitat are contained within parks. Silicon Valley
contains more than three hundred urban parks which range
widely in size, intended use, and management authority. Cities
manage most of the Valley’s parks, from small neighborhood
gardens and sports fields to larger preserves with oak
woodlands, chaparral, and other native ecosystems. While
the size of each park is a critical factor determining how much
biodiversity it can support, it is not the only factor. Other factors
like whether a park lies on a regional connectivity corridor, or if
the park is managed for agriculture, can also have an impact.
This means that some parks may over-perform relative to their
size, while others may have less biodiversity than expected,
given their size.
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We used a California statewide database of protected areas
(California Protected Areas Database) to identify habitat patches
in Silicon Valley, and to categorize each by size using thresholds
identified in Chapter 2 (see element Patch Size). Parks in the
region range in size from two to over 250 acres, with the large
majority between two and ten acres (Fig. 3.3). Some of these parks
are highly isolated, separated by more than a mile from any other
patch, while others close to the hills and to the Bay may benefit
from proximity to adjacent large connected open spaces (Fig.
3.4). Protected areas along Silicon Valley’s major stream networks
may function as regional corridors with higher biodiversity (see
Connections section). Other regions in the United States and
abroad likely have analogous datasets of public lands (e.g. PADUS) that allow for similar patch size analyses.

Distribution of Habitat Patch Sizes in Silicon Valley
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Figure 3.3 Silicon Valley contains 326 open spaces, of which
212 are small habitat patches (2 - 10 acres) potentially
suitable for species well adapted to urban environments. One
hundred are local hubs (10 - 130 acres) potentially suitable
for species somewhat sensitive to urbanization, and fourteen
are regional hubs (130 acres or greater) that may harbor
species found nowhere else in the urban landscape, such as
those that are highly area sensitive or intolerant of cities. See
appendix for more details.
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Figure 3.4 Small patches are relatively evenly
distributed across the landscape of Silicon Valley,
though there are areas that are relatively park poor.
Regional hubs are rare, and many patches lie along
regional connectivity corridors. Use of urban open
spaces is not restricted to habitat protection and
management, and the quality of habitat within each
open space varies. Thus, the actual size required to
support biodiversity in this region may vary.

A

A. Small and isolated: Shoup Park in Los Altos is one
of the many small isolated open spaces distributed
across Silicon Valley. The four-acre park contains
a redwood grove, a playground and a picnic area.
It provides habitat mainly for urban-tolerant
animal species, such as American robins (Turdus
migratorius), Bewick’s wrens, and California towhees
(Melozone crissalis).

(Photo courtesy of Carl Mueller, CC by 2.0)

B

C

B. Connected patches: Ulistac Natural Area is
a forty-acre preserve along the Guadalupe River
corridor in Santa Clara containing acres of oak
woodland, wetlands, and coastal scrub. Gray foxes
(Urocyon cinereoargenteus) and jackrabbits (Lepus
californicus) are seen often in the park, along with
many other native animals. Birds include the urbantolerant species found at Shoup Park, as well as
some species that prefer less disturbed scrubland
and forest interiors, such as ruby-crowned kinglets
(Regulus calendula). It is one of only three urban
parks in Silicon Valley that support California quail
(Callipepla californica), and biodiversity may be
higher than its size suggests due to its location along
a regional river corridor.

(Photo courtesy of JKehoe, CC by 2.0)

C. Large and managed: Martial Cottle park
encompasses 287 acres of open space in San Jose.
This large isolated park harbors a lower bird diversity
than both Shoup Park and Ulistac, likely because it
is managed for agriculture. Formerly a family ranch,
croplands cover the majority of the park’s area, with
only sparse patches of native vegetation. The park
provides habitat for species that tolerate frequent
agricultural disturbance, such as Botta’s pocket
gophers (Thomomys bottae) and gopher snakes
(Pituophis catenifer). Restoration to incorporate
more native vegetation in the park may allow it to
better act as a regional biodiversity hub.
(Photo courtesy of Don DeBold, CC by 2.0)

D

D. Park poor neighborhood: Northern Santa Clara
containing acres of parking lots, busy streets, and
office buildings, and few protected natural spaces.
Buildings in the center of this region are over a mile
from the nearest open space. This urban landscape
poses a significant ecological barrier between the Bay
to the north and hillsides to the south. Furthermore,
residents of this area do not derive the health and
psychological benefits that come from living within
close vicinity of a greenspace.

(Photo courtesy of Gregory Varnum, CC by 2.0)
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california quail
The California Quail (Callipepla californica) is a local example of an areasensitive species (Bolger 2002). The charismatic bird lives in coveys (family
groups) of up to seventy individuals that forage and raise young together.
The quail’s ground-dwelling behavior and nesting make it highly susceptible
to predation and road fatalities. The species is thus rare or absent in urban
environments with heavy vehicle traffic and abundant non-native predators.
However, large urban parks with ample shrub cover and connections to regional
biodiversity hubs do sometimes support quail. In Silicon Valley, visitors
frequently report sightings of quail in Ulistac Natural Area, Almaden Lake
Regional Park, and Hellyer County Park (eBird 2019, iNaturalist 2019).

DIET: Quail eat seeds, grain, fruit, green
vegetation, and insects. They require daily
access to drinking water in hot weather.
HABITAT: Quail prefer a mixed habitat that
includes low brush, trees, and grassland with
adjacent water sources. They forage close to
cover, take refuge in brush and trees, and nest
in ground depressions beneath shrubs.
HOME RANGE: Evidence suggests that the winter
home range of coveys varies between 17-45
acres, with an average of around 26 acres. During
the breeding season, coveys dissolve and birds
form pairs. During this time, home range sizes
for pairs are smaller.

(Photo courtesy of Melissa McMasters, CC by 2.0)

KEY STRESSORS: While quail populations are
relatively stable outside of urban areas,
habitat fragmentation, predation, and collisions
with vehicles affect populations in cities and
suburbs.

(Source: Zeiner et al. 1988, Birdlife International 2018, Cornell Lab of Ornithology 2019)
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(Photo courtesy of Nikita Show, CC by 2.0)

Figure 3.5 Area-sensitive species, like the california quail, may be confined
to large habitat patches in the urban landscape if smaller patches are
unconnected to regional corridors or to the urban edge.
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element 02:

connections
In Silicon Valley, connections between habitat patches take a
variety of forms. Riparian zones along local creeks serve as the
primary regional corridors that wind from parks in the hills,
through cities, to the Bay. Some riparian zones, such as those
along portions of Guadalupe River and Coyote Creek, contain
large sections that are formally conserved through a network
of city and county parks. Municipal zoning ordinances
and general plan policies protect other riparian zones by
forbidding development within a buffer zone around the
corresponding waterway. The size of the buffer zone varies
from city to city (San Francisco Bay Regional Water Quality
Control Board 2004).
Silicon Valley has few other corridors to connect parks at a more
local scale. Most parks are isolated by up to a mile from their
nearest neighbors. While these parks may serve as stepping
stones for species dispersing across the urban landscape,
improving connections between them would likely greatly
increase their ability to facilitate movement. Areas that are
particularly park poor, such as in northern Santa Clara and
Sunnyvale, contain few stepping stones or other connections.
While Silicon Valley has the underpinnings of a major corridor
network in place, there are numerous opportunities for the
region to fill gaps, broaden corridors, and remove barriers.
None of the valley’s riparian corridors is completely contiguous
- many pass through culverts, have channelized segments with
no vegetation, or segments engineered to run underground.
Many are also extremely narrow, with little riparian vegetation.
Meanwhile, arterial and neighborhood roads cut through Silicon
Valley’s local non-riparian corridors. Many barriers within the
urban matrix preclude isolated parks from acting as stepping
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stones. Roads with heavy vehicle traffic pose high risk of animal mortality, and concrete parking
lots and cultivated lawns may block species that require tree canopy or underbrush to traverse
the landscape. Light and noise associated with urban activities may likewise deter animal
crossings. Future planning to reduce or remove these barriers has the potential to benefit the
wide variety of animals that pass through Silicon Valley.
We assessed habitat connectivity in Silicon Valley using data quantifying vegetation cover
along waterways from the Santa Clara Valley Water District (SCVWD) and by analyzing the
spatial distribution of protected areas in the region. Where similar vegetation surveys are
currently unavailable or financially infeasible to conduct, planners may also assess habitat
connectivity using aerial imagery.

Habitat Connectivity of Silicon Valley Waterways
Coyote Creek

No Data
Underground

Guadalupe River

Unvegetated

San Tomas Aquino Creek

Vegetated

Calabazas Creek
Figure 3.6 Silicon Valley’s 12 waterways are
major sources of potential connectivity.
However, they vary greatly in size, habitat
quality, and degree of modification.
“Vegetated” sections contain a variety of
vegetation types, and while they represent
the best sources of connectivity, not
all are able to support riparian trees.
“Unvegetated” sections are typically
channelized, with no vegetation in the
channel or along the banks. “Underground”
are discontinuous areas where streams
run under ground through a large culvert
or tunnel. Stream segments with “No data”
were not surveyed. Data are taken from
the Bay Area Aquatic Resources Inventory
and the Santa Clara Water District surveys
of stream conditions and vegetation. See
appendix for more details.

Stevens Creek
Permanente Creek
San Francisquito Creek
Adobe Creek
Sunnyvale East Channel
Matadero Creek
Barron Creek
Sunnyvale West Channel

0

20

40

60

80

100

120

Creek Length (miles)

73 • An Urban Biodiversity Framework

A

pe

alu

ad

Gu
er
Riv

D

te
yo
Co
k

ee
Cr

C

B

N

Silicon Valley Connections:
Stream Corridors
Underground
Unvegetated

5 miles

Vegetated
No Data
Patches

74 • Chapter 3 • Silicon Valley Case Study

Figure 3.7 Opportunities for connectivity across the urban landscape come
mainly from stream corridors. Most streams are not entirely connected,
containing sections that have high potential to support connectivity
(“vegetated”) and sections that are disconnected (“unvegetated” or
“underground”). Protected areas from the California Protected Areas Database
and California Conservation Easement Database are also displayed to show
connected blocs of dedicated open space. Shown with the current road
network, this map highlights where future investments may be beneficial (i.e. in
gaps in vegetated areas or open space blocs). See Figure 3.6 for more details on
stream classification.

A

A. Chain of parks. Along Coyote Creek, a chain of
parks winds through San Jose from Henry Coe State
Park to the Bay, terminating at Don Edwards National
Wildlife Refuge. While segments of the creek run
underground or lack vegetation, Coyote Creek acts
as the region’s longest vegetated riparian corridor.
Connected parks create wide habitat corridors in
some sections, such as in Hellyer County Park (177
acres) and Shady Oaks Park (8 acres). Vegetation
along the corridor provides cover for coyotes, brush
rabbits (Sylviagus bachmani) and other wildlife
recorded by visitors traveling along the creek
(iNaturalist 2019).

B

TJ Martin

Jeffrey Fontana

(Photo courtesy of Don DeBold, CC by 2.0)

B. Local greenway. TJ Martin and Jeffrey Fontana
Parks form a greenway that serves as a 1.2-mile
local, non-riparian corridor connecting Guadalupe
Oak Grove park (58 acres) to a chain of parks
along the Guadalupe river to the west and the
Alamitos Creek riparian zone to the east. Wildlife
recorded along the greenway include black-tailed
deer (Odocoileus hemionus), California ground
squirrels (Otospermophilus beecheyi), and oak
titmice (iNaturalist 2019). These oak and grasslandassociated species suggest this greenway serves as
a source of connectivity to adjacent parks with larger
patches of grassland and oak woodland habitat.
(Photo courtesy of Allan Hack, CC by 2.0)

C

C. Stepping stones. The Edenvale neighborhood of
San Jose contains a high density of parks where no two
are more than one kilometer apart. More than 30 parks
in this area vary in habitat quality, with some primarily
composed of native ecosystems (e.g., Edenvale
Gardens) and others containing sports and agricultural
fields (e.g., Martial Cottle Park). Edenvale’s parks may
serve as stepping stones through the neighborhood,
provided that the species can tolerate conditions
within each park and in the surrounding housing
developments. Brush rabbits and California ground
squirrels are plentiful in the area and may fulfill these
criteria (iNaturalist 2019).
(Photo courtesy of Martin Kalfatovic, CC by 2.0)

D

D. Large gap. San Tomas Aquino Creek drains from
headwaters in El Sereno Open Space Preserve, north
through Saratoga and Santa Clara, emptying to the Bay
in Alviso. While the lower reaches of the creek support
riparian vegetation, much of the creek is channelized
and unvegetated. A 3.5-mile stretch runs entirely
underground beneath the San Tomas Expressway.
This section represents a large gap in the regional
connectivity of this creek, and likely limits the ability of
terrestrial animals to travel long distances.
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------------------------------------------------------

bobcat
Bobcats have large home ranges and are sensitive
to urbanization, making them particularly able to
benefit from large regional corridors. Common in
the mountain ranges surrounding Silicon Valley,
bobcats occasionally venture onto the valley
floor. They traverse long distances across various
ecosystems as they forage for prey, and a single
individual may occupy a home range anywhere
from 2 to greater than 20 square miles in size.
In urban areas, bobcats preferentially travel
along riparian zones and other corridors that
provide continuous cover (Tigas et al. 2002). The
Peninsula Open Space Trust has recorded bobcats
traveling along the linked chain of parks along
Coyote Creek, including in areas where the creek
passes beneath major highways (Santa Clara
Valley Open Space Authority and Conservation
Biology Institute 2017). Such large-scale habitat
connections allow bobcats to access open spaces
in the urban interior while minimizing road
crossings and other threats associated with the
urban environment.

(Photo courtesy of National Park Service)
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--------------------------------------------------------------------DIET: Bobcats are mostly carnivorous, with a diet that includes
rabbits, rodents, deer fawns, birds, reptiles, and occasionally
fruits and grass. They likely require regular access to water
sources.
HABITAT: Oak woodland, conifer forest, and chaparral
adjacent to riparian areas and denser forest. Dens in rock
cavities, dead logs, stumps, and snags.
HOME RANGE: An individual may travel between 1.6 and 3 miles
per day. Their home ranges average ten square miles in size.
KEY STRESSORS: Habitat loss, mortality from vehicles (Riley
et al. 2003), competition with coyotes and other species, and
predation by mountain lions and domestic dogs.
(Source: Zeiner et al. 1988)

Figure 3.8 Bobcats and other urban-sensitive species with
large home ranges can travel great distances. Regional
corridors may allow bobcats to cross the urban landscape.
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matrix
quality

element 03: 

Silicon Valley’s urban matrix outside open spaces and stream
corridors is comprised of a patchwork of streets, houses,
commercial buildings, and vegetation. Development has resulted
in highly fragmented remnants of intact habitat of variable quality
across the urban matrix. Given its large area, the urban matrix
represents a sizable opportunity to conduct urban biodiversity
enhancements.
While tree canopy cover is only one metric for quantifying matrix
quality, it is widely available, easily measurable from remotely
sensed imagery, and correlates with overall habitat quality in the
urban matrix (Hodgson et al. 2007). In Silicon Valley, tree canopy is
related to development patterns. Canopy is concentrated near the
hills in areas of lower-density, residential land use (Figure 3.10). By
comparison, downtown San Jose, at the center of the valley floor,
has relatively low canopy cover, a higher density of impervious
surfaces, and greater urban density.
As in many cities, tree canopy cover also tracks patterns of income
(Schwarz et al. 2015). Higher canopy cover is concentrated in
wealthier, lower density residential areas such as Palo Alto, Los
Altos Hills, Saratoga and Los Gatos. Canopy cover is lowest in the
most disadvantaged neighborhoods toward San Jose’s core. These
areas are potentially more vulnerable to the urban heat island
effect, have greater exposure to air pollution, and are less able to
provide other health benefits that come from trees (e.g, Hartig et
al. 2014). When choosing sites for matrix quality improvements,
existing disadvantaged neighborhoods that lack tree canopy can
be prioritized for tree planting.
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There are many opportunities to increase tree canopy in areas where trees are sparse. Trees and
other vegetation can be installed along streets, in backyards, in schoolyards, or in parking lots
in commercial districts (such as along El Camino Real). The Oakwell survey of the City of Palo
Alto shows numerous large, native oak trees along city streets, in backyards, and in parking lots,
providing an example for how a city can improve matrix quality using large native trees.
We used publicly available canopy cover data from the California Department of Forestry and
Fire Prevention (CalFire 2015) to quantify matrix quality across Silicon Valley. These data are
appropriate for similar analyses in urban areas throughout the state. For analyses elsewhere in the
United States, the National Land Cover Database provides similar canopy cover data. Fine-scale
land cover maps, where available, can also provide insight into matrix quality.

Canopy Cover by City

Monte Sereno
Los Altos Hills
Saratoga
Los Gatos
Los Altos
Palo Alto
Cupertino
Campbell
Mountain View
Sunnyvale
San Jose
Figure 3.9 Tree canopy cover is highly
variable among cities in Silicon Valley.
Some of the cities with highest average
canopy cover are also the most affluent
in the region. Canopy cover data are
calculated averages for each city
(CalFire 2015). See appendix for more
details.
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Figure 3.10 The distribution of tree canopy cover is one important measure of
matrix quality. Darker shades of green represent areas more densely covered
by trees. Areas lacking tree canopy cover can be found in some of the most
disadvantaged communities in the county in downtown San Jose and in the
commercial and industrial areas close to the Bay. Source: Calfire 2015.

A

A. Treeless industrial neighborhood. North San
Jose between Coyote Creek and Guadalupe River
contains little vegetation or canopy cover. Industrial
buildings and parking lots cover the majority of the
land area. Given its location between Silicon Valley’s
two primary regional corridors, the area could support
local connectivity between the two creeks if matrix
quality were improved. Planting native trees and
understory plants could benefit biodiversity, and
could be achieved through coordination with the city
and local businesses.

B

B. Disadvantaged city. The city of East Palo Alto
contains significantly less canopy cover than
neighboring cities. The majority of the community
is made up of residents from racial minorities with
a lower median income than many other cities in
Silicon Valley. The disparity in canopy cover affects
both biodiversity and East Palo Alto’s residents, who
are more likely to experience extreme heat and may
not derive many of the other health benefits that
come from living close to nature. This disparity can
be reduced through coordination with the city and
homeowners to plant trees and native vegetation on
residential properties and along streets.

C

C. Wealthy cities with trees. Saratoga and Los
Gatos contain some of the densest canopy cover in
Silicon Valley. The relatively wealthy towns consist
primarily of large residential properties, many
with tree canopy levels comparable to those of
neighboring open spaces in the Santa Cruz Mountains.
Abundant vegetation in Los Gatos and Saratoga likely
creates high-quality habitat for plants and animals.
Homeowners can improve matrix quality by replacing
non-native ornamental plants with native species,
removing fences, and managing for biodiversity.
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------------------------------------------------------------------------------

black-tailed bumble bee

The black-tailed bumble bee (Bombus melanopygus) is a common pollinator
within parks, gardens, grasslands, and chaparral of Silicon Valley. Tolerant
of urbanization, the species is abundant in urban areas (Hatfield et al.
2014). Black-tailed bumblebees have been recorded across neighborhoods in
Silicon Valley, including East Palo Alto, Palo Alto, Mountain View, Cupertino,
Los Altos, Saratoga, and San Jose (iNaturalist 2019). They have also been found
in gardens in the suburban areas close to the hills.
Queen bees nest in cavities such as rodent holes and birds nests in urban
parks and yards. The queen and worker bees forage for pollen and nectar
from clover, sage, manzanita, and other flowering plant species around
their nests. Installing potential nesting structures and cultivating beefriendly gardens in residential landscapes can help support the black-tailed
bumblebee.

DIET: Nectar and pollen from flowering
plants, including Ceanothus, Ericameria,
Eriodyction, Eriogonum, Lupinus, Penstemon,
Rhododendron, Salix, Ribes, Salvia, Trifolium,
Vaccinium, and Wyethia. Bees will visit a
mixture of native and exotic flowers.
HABITAT: Bees forage in grassy areas,
chaparral, shrubland, urban parks, and
gardens. Queens will nest in rodent holes
or bird nests.
(Photo courtesy of National Park Service)

KEY STRESSORS: Although the species has
a stable population throughout its range,
it is sensitive to habitat loss, pesticide
use, disease spread from domestic bee
hives, and competition with non-native
bees.
A black-tailed bumble bee visiting california rose
(Rosa californica) in a small area of native landscaping
integrated into the De Anza Community College Campus.

(Sources: McFrederick and LeBuhn 2006, Hatfield
et al. 2014, Bartomeus et al. 2016)
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(Photo courtesy of Alejandro Dauguet, CC by 2.0)

(Photo courtesy of JKehoe, CC BY 4.0)

Figure 3.11 Matrix improvements are particularly beneficial for
pollinators. The black-tailed bumble bee will fly through the
urban landscape to reach foraging patches. Improvements
in the matrix include maintaining potential nesting structures
and expanding food sources outside patches and corridors.
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habitat
diversity

element 04: 

Like many urban areas, Silicon Valley has undergone
fragmentation and homogenization that has eliminated much
of its habitat diversity. Prior to European colonization, a complex
mosaic of habitat types wove through the valley floor (Fig 3.12).
Near the Bay, tidal marshes, seasonal wet meadows, and large
willow groves flourished. On higher ground, oak woodlands
covered much of the landscape, and native perennial bunch
grasses and annual wildflowers thrived in neighboring grasslands.
Riparian forests along creeks were characterized by California
sycamores (Platanus racemosa), alders (Alnus spp.), and Fremont
cottonwoods (Populus fremontii) (Grossinger et al. 2006,
Grossinger et al. 2008, Beller et al. 2010).
Today, non-native trees, lawns, and horticultural plants dominate
much of the suburban and commercial areas of Silicon Valley.
However, rare pockets of habitat persist. Cities such as Palo Alto
and San Jose have tree ordinances that ensure the protection of
large native oaks and other native trees. Parks and riparian buffer
zones protect sections of the Guadalupe River and Coyote Creek,
including patches of sycamore alluvial woodland and groves of
cottonwood. Large parks have also preserved patches of oak
woodland, particularly near the hills. In some places, patches of
unique habitat types have appeared in new locations near where
they were found historically. For example, small willow groves
have colonized a network of flood detention basins along the Bay
in the cities of Sunnyvale, Mountain View, Alviso, and Milpitas.
Remnant patches of persistent habitat can form the basis for
habitat restoration efforts in Silicon Valley. These landscapes
offer many opportunities where habitat zones could help create
more functional and coherent patches of habitat within the
urban matrix. For example, homeowners can replace lawns with
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mixtures of shrubs, small herbaceous vegetation, leaf litter, and logs to mimic the spatial and
vertical complexity of oak woodlands that were once common on the valley floor.
Silicon Valley’s historical mosaic of habitat types is a useful foundation for the development
of habitat zones to guide planning for both the present and the future. While historical
ecology can guide what habitats could be appropriate for current conditions, the information
should be supported by other contemporary information and climate change predictions.
Modifications to the physical landscape at the site scale, such as through irrigation,
construction fill, or groundwater pumping, can alter which habitats are feasible to re-create. In
addition, climate change will alter which habitats and species will do well in which locations.
Where historical ecology information is lacking, habitat zones can be developed using
information about contemporary physical and environmental gradients. Local ecological
knowledge can help link physical gradients to habitat types to make a best guess about which
types of habitats will be most appropriate.

Willow groves have spontaneously colonized flood detention basins close to where they were common
historically. These willow groves support a high diversity of birds, including willow flycatchers and other
neotropical migrant songbirds that are known to use them as stopover sites during migration. This unique
habitat is only found where groundwater is high, and they are not common outside urban areas in the Bay
Area. Their presence in urban areas creates a unique habitat type that increases regional habitat diversity.

(Photo courtesy of Shira Bezalel)
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Figure 3.12 Before development, Silicon
Valley contained a mosaic of habitat
types. Historical ecology information
such as this can be used to create
contemporary habitat zones that guide
urban biodiversity actions that can work
together to restore some of the habitat
diversity that has been lost.
Source: Grossinger et al. 2006 and 2008,
Beller et al. 2010
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Figure 3.13 The city of Palo Alto has preserved many of its oaks. A
comprehensive survey of all the native oaks in the city reveals a striking
pattern of persistence: native oaks remain abundant in former oak
woodlands, occurring at lower densities where seasonal wet meadows
were historically present. This boundary tracks today, as historically, the
divide between heavier clay-rich soils along the Bay and loamier soils
on high ground. The density of oaks in Palo Alto today, between 2 and 12
trees per hectare, is similar to that of historical valley oak woodlands in
Silicon Valley (Grossinger et al. 2008). These trees are now integrated
into the urban landscape, and are surrounded by other non-native trees,
lawns, buildings and roads. Oaks in Palo Alto provide an example of how
the spatial distribution of a foundation tree species characteristic of
a particular habitat type can be preserved and recreated in an urban
setting. Accompanying understory vegetation alongside oaks could
help to mimic the spatial attributes of oak woodland habitat types more
effectively.
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------------------------------------------------------------------------------

arboreal salamander
The arboreal salamander (Aneides lugubris) is common throughout California’s
coast ranges. Tolerant of urbanization, arboreal salamanders can be found
in yards and parks throughout Silicon Valley where oaks are present. They
are found most commonly in oak woodland habitats, and are an example of
a species that would benefit from the creation of coherent patches of oak
woodland habitat in the urban landscape.
Arboreal salamanders move between habitat on the ground and in trees.
During the wet season, they can be found in leaf litter, tree bark, rotting
logs, or tree cavities, emerging at night to forage. They are adept climbers
and have been recorded in tree cavities sixty feet above the ground. During
the dry season, salamanders retreat to moist locations, such as rodent
burrows, caves, tree cavities, wells, or water tanks. Females lay their eggs
in these dry season refuges, caring for them until they hatch in autumn.
While the species is generally solitary, many individuals may congregate
in a single moist location during the dry season. Preserving or creating
vertical complexity similar to what exists in oak woodlands can help
support arboreal salamanders. Maintaining leaf litter, rodent burrows, and
trees with cavities, may also increase foraging and estivation habitat.
(Sources: Zeiner et al. 1988, Bartholomew 2000, Parra-Olea et al. 2008)

DIET: Insects including beetles, ants,
caterpillars, and centipedes, and
possibly fungi.
HABITAT: Arboreal salamanders
occur primarily in oak woodlands
in California’s Coast Range and the
Sierra Nevada foothills, though they
can also be found in douglas fir
(Pseudotsuga menziesii) and redwood
(Sequoia sempervirens) forests in the
region. The species requires moist
crevices for estivation.
HOME RANGE: Likely under 1 acre.

(Photo courtesy of Greg Schechter, CC by 2.0)
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KEY STRESSORS: The primary threat
to the species is loss of large oaks in
which it nests and estivates. Predation
may also impact the salamander’s
numbers.

(Photo courtesy of Adam Searcy, CC by 2.0)

Figure 3.14 The arboreal salamander has
a small home range. Dependent on oak
woodland habitats, salamanders can
be found in the urban landscape where
native oaks are present. Preserving and
restoring these historical habitat types
benefits species that have co-evolved
with these plant communities.
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native
vegetation

element 05: 

The Silicon Valley landscape is dominated by non-native vegetation and trees. Riparian corridors
along Coyote Creek and Guadalupe River and larger urban parks contain mostly native riparian
and oak trees (Fig 3.15). However, outside these areas, the majority of the urban forest is made
up of several hundred non-native trees, and lawns and ornamental species form the dominant
understory vegetation in most areas outside parks.
The relative rarity of native trees across Silicon Valley is likely a barrier for native wildlife that
has adapted to the specific conditions and resources that these trees provide. Numerous
native insects, such as Cynipid wasps and California sister butterflies (Adelpha californica),
rely upon specific native plant species as host plants for their young. Where these plants
are absent, associated wildlife will likely also be rare or absent, which can have impacts
that cascade through the food chain (Heleno et al. 2009). Other animals with specific diets
reliant upon native plants, such as the acorn woodpecker (Melanerpes formicivorus), may also
be absent from parts of the urban environment where native oaks are not found (Koenig
and Haydock 1999). Non-native plants may alter soil chemistry with potential impacts on
soil microbial communities and the biodiversity they support (Batten et al. 2006). Some
ornamental plants, such as glossy privets (Ligustrum lucidum), may become invasive and
outcompete native plants outside of landscaped areas (Wolf and DiTomaso 2016). These
species have the potential to further diminish habitat for animals dependent on native plants.
While it is clear that the majority of vegetation in the Silicon Valley landscape is non-native,
quantifying native vegetation cover is a challenge with currently available datasets. Over the
last decade, several cities in Silicon Valley have created publicly-available inventories of all
municipally owned trees, including trees along streets, in public parks, in schools, and along
transportation rights-of-way. While these inventories do not include trees on private property,
they show the proportion of municipally owned trees that are native. In Palo Alto, the local
urban forestry nonprofit Canopy has also conducted a comprehensive survey of all native oak
trees in the city, including on private property. This dataset provides a unique window into the
total number, density, and spatial distribution of trees that are foundational in oak ecosystems
of California. In addition, SCVWD, a local flood control agency, has identified native and nonnative canopy cover along Silicon Valley’s waterways using field surveys as well as ground and
aerial imagery classification. The publicly available statewide dataset CalVeg (USDA Forest
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Service Vegetation Classification & Mapping, based on satellite imagery with field verification)
identifies native and non-native habitats in protected areas. Taken together, these datasets
paint a picture of the total abundance and distribution of native vegetation. Other urban areas
may face similar data challenges, but planners can likely assume that exotic species dominate
unprotected lands in many cities (Hitchmough 2011).
To support native fauna, property owners can select native plant species as they landscape
and avoid planting or remove plant species that have the potential to become invasive in
Silicon Valley. Native fauna will likely benefit most from assemblages of native vegetation that
resemble the natural landscape.

29 +97A +38A
71+A 3 62
71.21%

28.79%

Vegetation in parks
SOURCE: CalVeg

2.75%
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Street trees

SOURCE: City Street Tree Inventories
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Vegetation along stream corridors
SOURCE: SCVWD

Non-Native Vegetation
Native Vegetation

Figure 3.15 The proportion of native
vegetation within parks, among street
trees, and along streams. The street tree
map compares the number of individual
native and non-native municipally
owned trees, and does not include
privately owned trees in residential
properties. Data comes from street tree
inventories from several cities (East
Palo Alto, Palo Alto, Cupertino, Mountain
View, and San Jose), from CalVeg, and
from SCVWD riparian vegetation survey.
See appendix for more details on all
analyses.
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Figure 3.16 The distribution of native and
non-native vegetation in municipallyowned street trees (based on street tree
inventory data), stream vegetation (based
on SCVWD data), and habitat types in parks
(based on CalVeg data). These datasets
have varying levels of spatial resolution; see
appendix for more details.

A

A. Non-native trees. Kollmar Drive is a neighborhood
in San Jose with mixed land use, including single-family
homes, apartments, and commercial buildings. This
area contains a mixture of native and non-native trees,
as well as areas with canopy gaps where native trees
could be planted. The green dots in the center of the
frame represent a grove of native California sycamores
(Platanus racemosa), while the surrounding orange
dots represent non-native trees. Additional native
street trees could be installed in the parking lots, many
of which lack trees.

B

B. Riparian forests. Coyote Creek near Los Lagos
Golf Course is an example of predominantly native
riparian vegetation. The stream corridor is up to 300
feet wide in some areas. SCVWD riparian survey data
identifies this area as containing mostly native riparian
vegetation, including a mix of coast live oak (Quercus
agrifolia), valley oak (Quercus lobata), elderberry
(Sambucus nigra), red willow (Salix laevigata) and
California sycamore.

C

C. Agricultural park. Heritage Orchard, a protected
area in Saratoga, is a demonstration farm that
showcases the region’s agricultural history. The
orchard’s stonefruit trees are mostly non-native, but
hold cultural and educational value. Park managers
can improve the orchard’s support for biodiversity
by planting native wildflowers or other indigenous
vegetation along the park’s perimeter, and integrating
native trees alongside stonefruit. These interventions
could improve the orchard’s agricultural yield by
supporting local pollinators.
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monarch butterfly
The Monarch butterfly (Danaus plexippus) is found throughout the United
States and is relatively tolerant of urbanization. Populations have been
steadily declining in western North America over the past twenty years
(Jepsen et al. 2015). Various factors have contributed to the species’
decline, including increasingly frequent drought conditions, parasites, and
a loss of milkweed, the species’ host plant. Butterflies lay their eggs and
monarch caterpillars feed upon a variety of species within the milkweed
subfamily, including both native and non-native plants.
Tropical milkweed (Asclepias curassavica), a non-native species commonly
cultivated in California, grows year-round, whereas native milkweed species
die back in the winter. Tropical milkweed’s growth pattern disrupts seasonal
cues for monarchs that use it, and may increase the risk of pathogen
transmission (Satterfield et al. 2016). Growing native milkweed species, such
as narrowleaf milkweed (Asclepias fascicularis), can help augment monarch
habitat in Silicon Valley.
(Source: Jepsen et
al. 2015, USFS n.d.)

DIET: Monarch caterpillars feed exclusively on leaves from
milkweeds (subfamily Asclepiadoideae). Adult butterflies consume
nectar from a variety of flowers.
HABITAT: Monarchs require milkweed plants on which to lay
their eggs and to sustain caterpillars. Adult monarchs require
flowering plants for nectar and groves of trees along the
coast (especially stands of conifers and eucalyptus) for
overwintering.
HOME RANGE: Monarchs are highly migratory. In western
North America, monarchs overwinter in dense groups along the
California coast. In the spring, they disperse north as far as
Washington and west as far as Arizona.

Figure 3.17 The monarch butterfly
depends on the availability of
native milkweed plants along
its migratory corridors. Planting
native milkweed in urban
landscapes along migratory
routes can help sustain Monarch
populations.
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KEY STRESSORS: Maintaining sufficient Milkweed habitat is
critical for Monarch populations. Parasites and pathogens,
pesticide use, climate change, and logging in wintering habitat are
all additional stressors for monarchs.

(Photo courtesy of Oakley, CC by 2.0)

(Photo courtesy of Erica Fleniken, CC by 2.0)
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element 06:

s pecial
resources

As is true across ecosystems globally, species native to Silicon Valley rely on specific components
of the landscape such as large trees, water, and other physical structures to complete their life
cycles. In California, water is often a limiting resource for native flora and fauna. Silicon Valley’s
ponds, lakes, streams, and rivers hold water through much or all of the year, permitting many
species to survive. Thus, local water bodies provide home to a diversity of aquatic insects,
amphibians, and fish, as well as birds, mammals, and other terrestrial animals (Howard et al.
2013). Many wetlands have been removed or altered during development, and urban streams
are also highly modified. In many urban water bodies, contaminants have impacted ecosystem
health (Grossinger et al. 2006, Grossinger et al. 2008, Beller et al. 2010). Water quality monitoring,
pollution reduction, and aquatic habitat restoration efforts are underway throughout the valley
to address these issues (e.g., Santa Clara Valley Urban Runoff Pollution Prevention Program,
South Bay Salt Pond Restoration Project). Continued action to protect aquatic ecosystems
stands to benefit the diverse set of species dependent on Silicon Valley’s limited water
resources.
Large trees also provide special resources for a diversity of organisms. In Silicon Valley, large oak
trees were common in the oak woodlands that dominated the historical landscape. Many native
species are adapted to use large native oaks to meet their ecological needs. Acorn woodpeckers
consume acorns from valley, coast live, black, and other oak species, and store acorns in the bark
of large trees (>32 inches in diameter at breast height). Many woodpecker species also excavate
cavities in large trees, creating nesting habitat for themselves and other birds. Large oak trees
also support diverse insect communities, including many species that are highly specialized to
consume oak leaves and lay their eggs in oak branches. Reptiles and small mammals take refuge
in downed woody debris from large native oak trees. Today, large native oaks are relatively rare in
Silicon Valley. While some species have transitioned to using non-native trees to meet their needs,
others, particularly oak specialists, have dwindled in this novel ecosystem. Efforts to “re-oak” Silicon
Valley by planting new groves of native oaks and preserving extant large oaks could help oakdependent species survive in the urban environment (Spotswood et al. 2017).
Opportunities to preserve and protect special resources are present across the urban landscape.
Re-oaking initiatives can aim to integrate oaks along streets, in private yards, and on commercial
properties. Where large water features are lacking in dense urban areas, small features such as bird
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baths and fountains can be beneficial. The urban environment lacks many features that historically
provided shelter for native species. In their place, some man-made structures may serve as
adequate substitutes. Nest boxes may benefit cavity-nesting birds, such as western bluebirds
(Sialia mexicana) and chestnut-backed chickadees (Poecile rufescens). Because non-native
species may also benefit from nest boxes, careful design and placement are important to limit
negative impacts. Analogous to nest boxes for birds, “bee hotels” may provide nesting habitat for
native solitary bees, including the black-tailed bumble bee. Meanwhile, piles of woody debris and
leaf litter may benefit insects, reptiles, and amphibians that typically take refuge within decaying
organic matter (Hagan and Grove 1999).
We used Silicon Valley wetland mapping and street tree inventories to quantify the availability
of special resource in the region. In other cities in the United States, the National Wetlands
Inventory may provide geospatial data for wetlands. Where detailed tree maps are not available,
satellite imagery or LiDAR may provide insight into the locations of large trees. Cities that protect
heritage trees may also collect data on their locations.
Percent of trees over 32 inches in diameter

NATIVE

NON-NATIVE

5%

2%

Density

0.06
Figure 3.18 Large trees are relatively rare on the
landscape, and represent a similar fraction of both
native and non-native trees. Data are taken from
street tree inventories from the cities of Mountain
View, Cupertino, and San Jose. The large tree
threshold is based on the average size of granary
trees used by acorn woodpeckers (Gutierrez and
Koenig 1978). See appendix for more details.
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Figure 3.19 The distribution of special
resources in the region, including large
trees, wetlands, and streams. Large
trees (>32 inches in diameter) are taken
from street tree inventory data from
several cities. Wetland habitat types
and streams are identified using the Bay
Area Aquatic Resources Inventory. See
appendix for more details.

A

A. Large valley oaks at risk. The Santa Teresa
neighborhood of San Jose is a dense housing
development with few large trees. At the center of the
neighborhood, an undeveloped 16-acre lot contains
two massive (>50 inches in diameter) valley oaks on its
periphery. Birds commonly found in oak woodlands such
as oak titmice, white-breasted nuthatch, and nuttall’s
woodpeckers have all been found nearby (eBird, 2019).
San Jose has designated the trees as “heritage oaks,”
though recent development plans for the parcel may
place the trees at risk of removal. Mountain View, Palo
Alto, Sunnyvale, and other cities in Silicon Valley have
similar tree protections that increase the chances large
trees will continue to provide habitat for the Silicon Valley
ecosystem into the future.

(Photo by Erica Spotswood)

B

B. Large lake. Lake Cunningham Park in San Jose is a
200-acre park adjacent to Thompson Creek that boasts
some of the highest bird diversity in Silicon Valley. The
artificial lake and its surrounding wetlands are some of
the largest remaining tracts of wetland in the region, and
the park attracts many aquatic species, such as white
pelicans and ruddy ducks, as well as species that visit the
wetlands in search of food and water, such as bobcats and
raccoons (iNaturalist 2019). The park’s aquatic resources,
close vicinity to urban areas, and large size likely allow it
to act as a regional biodiversity hub where both urbantolerant and urban-avoiding species can thrive.

(Photo courtesy of Don DeBold, CC by 2.0)

C

C. Old neighborhood with large trees. The Rose Garden
district of San Jose is one of the city’s oldest residential
neighborhoods, with some homes dating back to the
19th century (USGS 1899). The neighborhood has one
of the highest concentrations of large trees in Silicon
Valley. These trees provide habitat for a diversity of native
animals, from Anna’s hummingbirds to ground squirrels
to black-tailed bumblebees (eBird 2019, iNaturalist 2019).
Approximately half of the large street trees are native oaks,
while the remainder are predominantly exotic ornamental
species. Rose Garden residents can augment the area’s
habitat value by increasing native canopy cover, planting
native understory plants, and supporting the protection of
existing large trees.

(Photo courtesy of Google Earth, 2019)
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acorn woodpecker
Acorn woodpeckers (Melanerpes formicivorus) live in colonies of 2-15 birds
that together defend 4 to 22 acre territories. Acorns from oaks native
to California (including coast live oak and valley oak) are a critical food
source for the species. In the fall, colonies stock acorns in granaries —
large, living or dead trees where woodpeckers drill holes for acorn storage.
Adults consume stored acorns from the winter through the spring, then
broaden their diets to include more insects, fruit, and other food items.
Acorn woodpeckers are tolerant of urbanization, and are found in some
cities in Silicon Valley where oak trees are common (Rottenborn 1999, eBird
2019). Large trees (>32 inches in diameter) that can be used for granaries
are often a limiting resource (Koenig et al. 1999), and conserving these
special resources along with native oak trees may enable Silicon Valley to
better support the species. Oak groves that contain at least twenty trees,
including potential granaries, and cover 15-20 acres have the potential to
support new colonies of Acorn woodpeckers [see “Re-oaking Silicon Valley”,
Spotswood et al. 2017].
(Source: Zeiner et al. 1988)

DIET: Acorns, flying insects, sap, as well as oak
catkins and flower nectar. Needs daily water.
HABITAT: Open oak woodlands and mixed oakconifer forests.
HOME RANGE: Territories of colonies range
from 4 to 22 acres in size, with an average
of 17 acres, typically including at least one
large tree used as a granary (Koenig et al.
1995).
KEY STRESSORS: Acorn crop production,
availability of large trees for cavity nesting
and granaries, competition and nestling
predation.
(Photo courtesy of Tim Dickey, CC by 2.0)
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(Photo courtesy of Tim Dickey, CC by 2.0)

Figure 3.20 The territory of acorn
woodpecker colonies ranges from
4-22 acres in size. They depend on the
availability of large trees and native oaks
in their home range for acorn storage and
nesting, and will use the urban landscape
if these key resources are available.
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element 07:

management

The urban landscape of Silicon Valley is a patchwork of ownership and land
use types. This variety results in highly variable type, frequency, and intensity
of management with varying degrees of impact on biodiversity. Data that
quantifies and describes these interventions is not readily available for areas
outside protected open spaces. We have chosen, therefore, to highlight how
interventions can be timed to match California’s unique Mediterranean climate.
Management informed by the seasonality of key ecological and physical
processes can minimize impacts to biodiversity. This type of seasonal schedule
could be re-created in any city following the local climate and timing of
ecological processes.
The following diagram describes how management actions can be timed to
best support biodiversity in Silicon Valley. This list is not exhaustive, and there
are other types of management that are not temporally specific that can also
be beneficial, such as decompacting soil and modifying traffic patterns (See
Management in Chapter 2 for more detail). While seasonal schedules provide
useful guidance for current conditions, they can vary from year to year, and are
expected to shift with a changing climate.

(Photo courtesy of USDA, CC by 2.0)
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(Photo courtesy Don DeBold, CC by 2.0)

(Photo courtesy of USDA, CC by 2.0)

(Photo courtesy of Jonathan Su)
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Biodiversity management for Silicon
Valley following climate, growing,
and migration seasons

(Photo courtesy Don DeBold, CC by 2.0)

Wheel
A

CLIMATE
B

Time

Definition

Management Action

Wet season
(mid-October
- May)

First rains in the region typically arrive
between October and November, continuing intermittently until around May.

Reducing pesticide use during the wet
season can limit runoff into sensitive
aquatic habitat types.

Dry season (May mid-October)

Little rain typically falls between late
May and early October.

Many drought-tolerant native plants are
sensitive to summer water, and irrigation
can be eliminated during the dry season
once plants are established. Lawn removal during the dry season will provide
time for the establishment of native
plants in winter and early spring.

Germination
(mid-October
- February)

With the first rains of the season, seeds
from annual grasses and forbs germinate, turning the landscape green.
Perennial plants sprout new growth
above- and below-ground. Many native
California trees, such as Valley Oaks,
drop their leaves in the rainy season and
winter.

During or prior to this season, sites should
be prepared for planting by clearing
undesirable vegetation, decompacting
soils, or other soil health amendments.
Perennial invasive plants can be treated
or cleared in ecologically valuable areas
ahead of flower and seeding stages.
Allowing leaf litter to remain on the
ground will provide habitat for overwintering insects, and will create mulch that
improves soil health ahead of spring
growth.

Spring growth
(March - May)

Warmer temperatures and longer days
promote vigorous growth in annual
plants, followed quickly by flowering and
seed production as soils begin to dry out.
Most perennial plants continue to grow,
flower and set seed toward the end of
the primary growing season in May.

During this time, invasive annual grasses such as wild oat (Avena fatua) grow
aggressively, as well as some perennial
plants such as English ivy (Hedera Helix),
giant reed (Arundo durax) and French
broom (Genista monspessulana). Removal of these plants before they set seed
can help reduce competition with native
plants. Invasive Mediterranean annual
grasses aggressively colonize vacant
spaces in urban areas, and management
to reduce these species is necessary to
maintain native plants in urban settings.

C

GROWING
SEASONS

D
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Wheel

GROWING
SEASONS

Time

Definition

Management Actions

Summer dormancy (June mid-October)

Many annual plants die and deposit
seeds that lie dormant in the soil until
the next rainy season. Above ground,
many perennial plants go dormant,
though underground roots and stem
crowns remain. Some trees and shrubs,
such as coast live oak and toyon (Heteromeles arbutifolia) retain most of their
leaves during the summer. Some native
plants bloom in the summer or early fall,
including some tarweeds (Madia spp.)
and sunflowers (e.g., Helianthus spp.).

Several non-native invasive plants such
as Himalayan blackberry (Rubus armeniacus) and fennel (Foeniculum vulgare) set
seed later in the summer or fall. Removal
and control of these plants before they
set seed can help reduce competition
with native plants.

Avian Fall
Migration
(mid-August November)

Many birds (including many seabirds,
shorebirds, raptors, waterfowl and land
birds) and some insects (including many
dragonflies, beetles, butterflies, and
moths) embark on long journeys at this
time of year. Summer residents leave to
return to their wintering grounds, while
winter residents migrate south to this
region to overwinter.

During migration periods, management
of nighttime light is an important component of bird-safe urban design. Using
wildlife-friendly exterior lighting and
reducing interior building lights can help
reduce potential for birds and insects to
lose their way or collide with windows.
Providing seeds and planting native
plants that produce berries in the fall can
also help birds build fat during stopovers
or before migration.

Overwintering period
(December mid-February)

Many raptors, shorebirds, and waterbirds spend the wet winter months in our
landscape before returning to their summer breeding grounds. Some migratory
insects also overwinter, many relying on
ground litter for shelter. A limited number of residents, such as Anna’s Hummingbird (Calypte anna), nest during this
time.

Establishing bird feeders can benefit
birds that overwinter locally. Maintaining
leaf litter on the ground can help support
insect populations during the winter,
which are an important food source for
many overwintering birds. Planting native plants that flower in the winter can
provide nectar sources for hummingbirds
(e.g., Anna’s hummingbirds) that overwinter in the region. Similarly, planting
native plants that produce berries in the
winter such as madrone and toyon can
provide food for wintering species such
as thrushes and waxwings.

Spring Migration (mid-February - May)

Summer residents migrate north to this
region for the summer, while winter
residents leave the area to return northward.

As in fall migration, managing nighttime
light is important for migrating birds in
the spring. Erecting bird boxes before
nesting season will allow birds to become
familiar with nesting opportunities before
the breeding season begins.

E

F

G

MIGRATION
and
NESTING*

H

Summer resiDuring this ecologically sensitive time,
dence / avian
many migratory and resident birds in the
nesting season area begin the breeding season.
(March - August)

I

Reducing mowing and pruning can
reduce the risk of harming birds during
the breeding season. Providing water
through fountains and bird baths can
help support more birds during the dry
season. Providing bird boxes, and where
possible, retaining dying trees and
branches, can help support birds that
nest in cavities. Keeping cats indoors and
managing feral cats can reduce predation on eggs and nestlings. Planting
native plants that produce berries in the
summer, such as elderberry (Sambucus
spp.) can provide food for birds during
the postbreeding period as they build fat
to prepare for fall migration.

*Not all birds and insects migrate. Many resident birds and insects live in this region year round.
Migration periods in this table represent typical patterns, although exact timing varies depending
on the species and the year.

105 • An Urban Biodiversity Framework

------------------------------------------------------------------------------

black crowned night heron
Black-crowned night-herons (Nycticorax nycticorax) frequent the ponds,
streams and other wetlands of Silicon Valley. The stout birds primarily
forage nocturnally and rest in dense foliage during the day. From February
through July, they congregate to form nesting colonies in trees or marsh
habitats. A single tree may support dozens of breeding heron pairs.
Black-crowned night herons can benefit from thoughtful management
strategies. Frequent disturbance to nesting colonies may prevent breeding
pairs from laying eggs, cause pairs to abandon their nests, and increase
nestling mortality (Tremblay and Ellison 1979). For example, in 2014,
arborists unintentionally knocked down heron nests and injured nestlings
while trimming the branches of a nesting colony tree in downtown Oakland,
California (Ortega-Welch 2018). The public outcry following this event, and
subsequent designation of the heron as Oakland’s official bird, highlight
how important urban wildlife can be to the public. Timing tree trimming
outside the breeding season can prevent these types of accidents from
occurring.
Night herons are also sensitive to environmental contaminants, including
PCBs, which are common in urban landscapes around San Francisco Bay
(Hothem et al. 2010). Efforts to reduce contaminants in the Bay and in local
waterways, such as through installation of green infrastructure, could
benefit herons.
DIET: Varied diet of fish, aquatic insects, amphibians, and
terrestrial animals such as reptiles and small mammals.
HABITAT: Herons roost in wetlands and trees with dense
foliage, sometimes far from the nearest body of water.
HOME RANGE: During nesting season, individuals may forage
up to 5 miles from the nesting area.
KEY STRESSORS: While the species is generally tolerant of
urbanization, human disturbance, loss of wetlands, and loss of
nesting trees have impacted its numbers.
(Photo courtesy Don DeBold, CC by 2.0)

(Source: Tremblay and Ellison 1979, Zeiner et al. 1988,
Cornell Lab of Ornithology 2019)
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(Photo courtesy Don DeBold, CC by 2.0)

Figure 3.21 The Black-crowned nightheron forages in wetlands and along
streams of Silicon Valley at night. During
nesting season, they will form colonies
within five miles of these wetland
habitats, moving back and forth between
wetlands and nest trees.
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Introduction

As a city or region sets out to develop
biodiversity goals and align its greening
initiatives, a comprehensive spatial analysis that
draws on data for each of the seven elements
(described in Chapter 3) is a fundamental first
step. This analysis can help to identify existing
opportunities to enhance biodiversity at the
site or neighborhood-scale and to prioritize
interventions. Data can also help to identify
interventions that address multiple elements,
and are therefore most likely to enhance
existing biodiversity support. Since no one entity
can implement the range of actions necessary
to create an urban biodiversity network, a
landscape-scale strategy can help communities
develop a shared vision for where important
actions, such as acquiring land, protecting
ecosystems, and creating new habitat, is likely to
be most impactful.
At early stages in the planning process,
biodiversity data can support a landscape
analysis, showing where current biodiversity lies
and where it is lacking. Collecting systematic
biodiversity data can provide a benchmark
to help measure the efficacy of biodiversity
initiatives over time (Samara Group LLC,
Nilon et al. 2017). Projects can also create
‘designed experiments’ where design facilitates
data collection (Felson & Pickett 2005) and
scientific learning. Collaborative partnerships
between ecologists and urban designers can
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ensure that manipulative experiments are established with
the necessary treatments and replication to meet scientific
standards. Designing projects with data collection in mind can
also promote learning and adaptation over time, where project
learning can inform the design of future projects (Ahern 2013).
Increasingly, data collected by citizens, or ‘citizen scientists’,
is providing new opportunities to understand baseline
biodiversity conditions, even in locations where systematically
collected biodiversity data are sparse. The growing popularity
of citizen science mobile apps and websites such as iNaturalist
and eBird are increasing public engagement, and the
availability of biodiversity data in cities (Callaghan et al. 2017,
Spear et al. 2018). While these websites can provide valuable
insight into what species currently occur where, data collection
methods have biases, such as non-randomness in the location
and time of sampling and differences in observers, that pose
challenges for systematic analysis and interpretation. While
many of these challenges can be overcome, it often requires
substantial expertise in ecology and statistics to rigorously
analyze citizen science datasets.
Identifying opportunities and priorities at the city scale can
inform planning at the site scale. For example, habitat zones
can be designed around existing special resources and can
be used to determine plant species that property owners
should cultivate within each zone. Within patches of open
space, identifying resources that already support substantial
biodiversity (e.g., high-quality habitat areas, large trees, water
features, and sources of within-patch connectivity) can guide
where additional habitat development will be most effective.
Open space managers can expand these local features by, for
example, replacing lawns and parking areas with greenery.
Plans for biodiversity have the most potential to succeed when
they address all aspects of the urban biodiversity framework,
regardless of the plans’ spatial scale. For example, the process
of identifying existing patches and their size across a city might
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ELEMENT

POTENTIAL USEFUL
DATA TYPES

MATRIX
QUALITY

HABITAT
DIVERSITY

NATIVE
VEGETATION

SPECIAL
RESOURCES

MANAGEMENT

EXAMPLES APPLIED IN
SILICON VALLEY*

Protected areas (fee title and
easement)

Local or state government environmental planning offices, USGS
Protected Areas Database of the
US, Open Streets map

California Protected Areas
Database

Private greenspaces

Building and zoning footprints from
City/county GIS portals

California Conservation Easement Database

Physical stream data

Local or state government planning offices, USGS, Global Land
Cover Facility

Bay Area Aquatic Resources
Inventory (BAARI)

Riparian vegetation surveys

Local, state or federal vegetation
survey data

Santa Clara Valley Water District (SCVWD) riparian survey
data

Protected area networks

See Patches

See Patches

Tree canopy cover

National Land Cover Database

Canopy cover layer from
CalFire

Delineated individual tree and
shrub canopy

Analyzed from LiDAR (EarthDefine), municipal/county street tree
inventory data

Street tree data from several
local cities

Impervious surface cover

National Land Cover Database

Land use

Local, regional or state land use
datasets (e.g., USGS)

Vegetation biomass

Normalized Difference Vegetation
Index (NDVI)

Vegetation mapping

Local, state or federal vegetation
surveys

CalVeg, SCVWD riparian
surveys

Historical ecology

Historical maps, illustrations, texts,
photos, land surveys

SFEI Historical Ecology publications

Groundwater

State planning offices, USGS

Soil maps

National Resources Conservation
Service

Ecoregion

US Environmental Protection
Agency Ecoregions

Vegetation mapping

Local, state or federal vegetation
surveys; citizen science observations (iNaturalist)

CalVeg, SCVWD riparian
surveys

Street trees

Municipal/county street tree inventories

Street tree inventories from
several local cities

Streams and wetlands

Local planning offices, National
Wetlands Inventory (NWI)

Bay Area Aquatic Resources
Inventory (BAARI)

Large trees

Municipal/county street tree inventories

Street tree inventories from
several cities

Ecoregion

US Environmental Protection
Agency Ecoregions

Timing of plant growth cycles

Phenology projects, citizen science observation networks, local
ecology

CalFlora, iNaturalist, local
ecology experts

Timing of bird migrations

Citizen science observation networks, local ecology

eBird, local ecology experts

PATCHES

CONNECTIONS

POTENTIAL SOURCES

Association of Bay Area Governments

*These datasets were used to produce the figures found in Chapter 3. For more information see Appendix A.
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highlight the importance of a particularly large patch. Identifying priorities
for the landscape around the patch could focus on how to make the patch
larger (patch size), increase its connectivity to other patches (connections) and
improve the matrix around the patch (matrix quality). Meanwhile, planning
improvements within patches could focus on the other elements of the
framework, such as using habitat zones to define habitat types, planting
native vegetation according to these zones, cultivating and protecting special
resources, and employing wildlife-friendly management practices. Taken
together, these actions will work synergistically to enhance biodiversity
support within patches, along corridors, and within the urban matrix.
Acquiring land to create new patches and corridors in the urban landscape
is one of the most powerful mechanisms for supporting biodiversity. New
protected areas adjacent to existing patches can enlarge the size of habitat
and increase the amount and diversity of resources available to resident
wildlife. Land acquisitions can likewise fill gaps in corridors and enhance local
and regional habitat connectivity. Creating new parks, dedicating conservation
easements, and other mechanisms can also add new local and regional
biodiversity hubs.
Where land acquisition is not feasible, improving existing patches, corridors,
and matrix quality can increase habitat quality. For example, lawns in parks
can be replaced with native plant communities representing a particular
habitat zone. Cities can adopt wildlife-friendly management practices across
their jurisdictions, plant local tree species along streets, and remove invasive
species from stream corridors. These strategic enhancements can increase the
effective size of patches and corridors, can increase connectivity by helping
to fill gaps in corridors, and can act as virtual patches by creating habitat
complexes in places outside of protected areas.
Changing trends in urban planning, land use, and redevelopment can also
create opportunities to expand patches and fill gaps. Sprawling development
patterns in the twentieth century may be replaced in the future by denser
development (Warren et al. 2010). Increasing urban density may help protect
existing biodiversity outside cities by preventing sprawl and, if densification
preserves nature, could also create an opportunity to augment biodiversity
support within the urban boundary (McKinney 2008).
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Moving towards
implementation

Planning and implementing urban biodiversity improvements
will require broad-based public support. Biodiversity planning
necessitates engaging with a variety of stakeholders, and public
support for biodiversity improvements is key to their success.
Communities long underrepresented in planning processes
should have a significant role at the table, and mapping the
geographic distribution of existing assets at a large scale can
serve as a tool for a community participation process, guiding
discussions about potential opportunity areas.
Moving from gathering data and analyzing the landscape
towards implementing urban biodiversity actions can take
many forms, and there is no single process that will apply
to all cities. Biodiversity efforts are also not likely to follow a
linear trajectory; successful biodiversity planning will be most
effective if implemented through a variety of pathways both
top-down and bottom-up. Yet alignment between efforts is
essential to create the larger, connected, complex networks of
urban nature that will provide the diverse functions needed
as cities face growing challenges in the future.
Given the variety of land uses and stakeholders, there are
many ways of achieving urban biodiversity goals. Some
goals can be achieved through city-led actions within their
jurisdictions. For example, cities can acquire parcels to
create new parks, and can lead biodiversity planning within
existing park systems. Other goals can be achieved by aligning
biodiversity goals with planning and policy pathways. For
example, biodiversity goals can be incorporated into plans
for climate adaptation and water quality improvement. Some
activities may require public outreach. For example, city-led
planning can include public education to help homeowners
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interested in gardening for nature. Incentives, such as lawn conversion
programs in water-scarce areas, can help motivate residents to convert lawns to
biodiversity-friendly gardens.
Some goals can be achieved by coordinating with programs that are already
responsible for urban greening. For example, urban forestry programs can
align with biodiversity goals by setting targets for native tree planting. City
stormwater programs are increasingly interested in incorporating green
infrastructure into streetscapes to minimize runoff and treat contaminants.
Features such as bioswales and flood detention basins can enhance local
ecology by including plant palettes specific to particular habitat zones.

Management

Special Resources

Native Vegetation

Habitat Diversity

Matrix Quality

Connections

Patches

Urban biodiversity planning will be
most effective if it includes all seven
elements. Integrated across the
landscape, these seven elements
will work together to help build broad
support for biodiversity.
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Bioswales can incorporate trees, and flood detention basins can be combined
with wetland restoration to re-create locally rare habitat types. In some cases,
coordination among city programs can be achieved using policy frameworks.
The City of San Francisco Board of Supervisors, for example, passed a
resolution in 2018 that identifies biodiversity protection as a city priority (SF
Environment 2018). The resolution establishes a framework for inter-agency
collaboration and sharing of best practices, and promotes the conservation of
biodiversity as part of strategic operations and capital planning.
Implementing biodiversity plans may be assisted by creating mechanisms that
facilitate coordination and transfer of scientific knowledge. For example, many
actors in the urban landscape may lack the technical expertise required to
implement best practices for biodiversity. Scientific boundary organizations that
bridge the gap between science and its application can play an important role
in facilitating the transfer of technical information needed to apply biodiversity
planning across a variety of land use types and urban greening practices (Guston
2001). In other cases, the collective impact model could also be used to create
effective cross-sector coordination. In this model, a backbone organization
dedicates staff to coordination among actors that work together to achieve
a common agenda (Kania and Kramer 2011). This type of collaboration can be
effective because it incorporates a common goal into many different types
of activities through a mutually reinforcing plan of action. This model may be
particularly effective in biodiversity planning given the inherent need for crosssector and multi-stakeholder activities to achieve integrated biodiversity actions
across a multitude of land use types.
We recognize that not all cities will have the resources or in-house technical
capacity to conduct a full analysis of the urban biodiversity elements, or to
implement all aspects of a biodiversity plan. Given that patches and corridors
are two of the most important drivers of urban biodiversity, biodiversity planning
initiatives could start by identifying district and site-scale opportunities to draw
on these landscape features. For example, large patches and regional corridors
are likely already providing support for urban biodiversity, and can be built upon,
improved, and expanded. In addition, habitat zones, patches of native trees,
special resources, and remnant patches of habitat can be identified in order to
prioritize among land acquisition and biodiversity improvement projects.
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Creating an urban biodiversity strategy
Creating an urban biodiversity strategy is an exercise that any entity could
undertake, from a neighborhood organization to a city planning department.
The process of creating a biodiversity strategy has many benefits, including
defining goals for biodiversity, creating public support for projects, and
aligning biodiversity goals with other synergistic priorities. Creating a plan
can also be conducted directly with a community, incorporating feedback
and identifying priorities across a broad range of stakeholders. Identifying
other synergistic efforts and policies can be a first step in building an
implementation plan, and can help align biodiversity with other goals,
increasing the likelihood of funding and support for projects.
A useful first step in the planning process is data discovery and evaluation,
where existing biodiversity assets relating to each of the seven elements are
identified. This phase will provide critical information and insights into where
biodiversity may already be flourishing, as well as where biodiversity support
is most lacking. Analysis of the existing landscape can identify features such
as regional corridors and patches, as well as park-poor areas or areas of
low canopy cover. Biodiversity actions can be beneficial wherever they are
implemented, and should seek broad coverage that both enriches areas low
in biodiversity support and increases connections across the landscape.
With data acquired during the discovery phase, a variety of tools can be used
to create a plan that increases connectivity, adds to and creates new patches,
and improves the overall quality of the matrix across the planning area. For
example, land acquisition can create new parks in park-poor areas and can
be used to fill gaps in corridors. Existing parks can be enhanced by identifying
appropriate habitat types, managing for biodiversity, and protecting special
resources. Integrating across all seven elements of the framework is key to
creating a successful plan, and identifying a range of options for implementing
each element can help maximize the spatial coverage of a plan. The following
toolkit highlights the many types of opportunities that can be incorporated
into the planning process. While no plan is likely to use every item in this
toolkit, most are common across many cities, and provide a starting point for
the creative planning process.
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Regional Hub
Local Hub
Matrix
Habitat Complex

Developing an urban biodiversity plan can start with identifying existing resources, such as large
parks and regional corridors. These features can be built upon, improved, and expanded. Areas that
lack biodiversity resources can be identified and improved, and connectivity can be enhanced.
These actions can be achieved through a combination of land acquisition, matrix improvements,
and biodiversity-friendly management. The following pages provide a toolkit including the types of
opportunities that can be identified, along with strategies for associated actions that could form the
foundation of a biodiversity planning process.

Neighborhood in New Orleans, LA (Photo courtesy of Robin Grossinger)
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-----------------------------------------------------------------------------------------------------------

TOOLKIT OF
BIODIVERSITY ACTIONS
----------------------------------------------------------------------------------------------------------Existing high-quality patches
Approach: Preserve and conserve existing open spaces, in
particular remnants of native habitat, that already provide
valuable habitat. These spaces can also offer unique recreation
and restorative opportunities for people that live in urban areas.

Areas with few or no greenspaces
Approach: Acquire or dedicate land to create new patches.
Vacant lots, parking lots, post-industrial sites and other
spaces can be repurposed as natural assets. Patch creation in
underserved, park-poor neighborhoods can also have a positive
social impact.

Greenspaces with room to grow
Approach: Acquire land that is adjacent to existing patches to
increase their effective size. Easements and land use restrictions
along patches are another mechanism for expanding patches
without changes in ownership.

Infrastructure corridors
Approach: Create new corridors to improve connectivity
between patches, or regionally, across the urban landscape.
Opportunities can be found along existing infrastructure, under
freeways, on easements, and along decommissioned rail tracks
and other single-use linear spaces.
Narrow connections
Approach: Expand corridors by acquiring land along existing
corridors to increase their effective width. Widening corridors
can improve connectivity between patches while providing
other benefits. For example, increasing setbacks from waterways
can reduce flooding in urban areas and improve public access.
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Fragmented connections
Approach: Strategically acquire land to fill gaps along existing
corridors. Daylighting creeks, building wildlife crossings and
extending greenways are some examples of gap-filling actions.

Planning for redevelopment, expansion, or development
Approach: Incorporate biodiversity actions early in the design
process. For example, master planning for large areas of land
present an opportunity to both accommodate development
and augment urban biodiversity support. Creating biodiversity
networks is most effective during early phases of design,
when there is most flexibility in the location of buildings and
infrastructure.

Existing open spaces with large opportunities for improvement
Approach: Upgrade existing open spaces to better support
native flora and fauna, particularly through the inclusion of
diverse habitat types, special resources, and native plantings.
Spaces that are currently dominated by extensive lawns,
impervious areas, or exotic plantings all present opportunities to
improve biodiversity support.

Privately-managed residential spaces
Approach: Facilitate and promote programs that support
residential actions that benefit biodiversity. Lawn conversion
incentive programs, wildlife-friendly and drought-friendly
gardening certification programs, and university cooperative
extension programs all provide incentives and opportunities for
outreach. Coordinated efforts on private land can create habitat
complexes that function as stepping stones and enhance
connectivity in the urban landscape.

Treeless streets
Approach: Use opportunities for streetscape re-design to
reduce barriers and improve connectivity between larger
features. Adding native street trees, widening planting areas,
integrating stormwater features, and reducing travel lanes can
help support the movement of species and deliver a wide range
of ecosystem benefits for people.
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Synergies with
other urban
greening efforts

Urban biodiversity presents a largely untapped
opportunity to generate greater public support
for urban open space and greening investments.
While urban ecology and biodiversity are
frequently listed as an intended benefit of
urban greening, the justification and expected
results are often not well-developed or
compelling. Showing how urban forestry,
stormwater, landscape design, and other
efforts contribute to the ecological health of
the city, including specific much-appreciated
local flora and fauna, can connect these
initiatives to broader values and generate a new
constituency of support.
A variety of urban greening initiatives are
already underway in many cities. Some cities
are creating green infrastructure plans to guide
the installation of bioswales and rain gardens
to reduce contaminants in urban runoff. Other
cities are creating climate action plans to
mitigate greenhouse gas emissions and adapt
to a changing climate. City general plans, green
infrastructure requirements, urban forest
master plans, parks master plans, and other
guidance documents regularly update policy
for many of the key features in a biodiverse city.
These planning and policy efforts could benefit
from incorporating biodiversity planning as a
key goal or, when biodiversity is mentioned,
providing more specific recommendations
and expectations. Given the many competing
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priorities for physical space and financial resources in urban
landscapes, biodiversity planning will benefit from a stronger
technical foundation to identify and support specific highvalue actions.
At the same time, the array of different kinds of urban greening
initiatives offers immense opportunity to implement significant
biodiversity improvements. State-mandated plans for climate
change adaptation and water quality improvement present an
opportunity to incorporate biodiversity objectives and create
efficient, multi-benefit plans for resilient cities. For example,
tidal marsh restoration can buffer shores against rising seas
while providing critical habitat for a range of marsh plants and
animals. Bicycle and pedestrian-friendly street improvements
designed with nature can enhance ecological connectivity while
delivering shade and nature access that increase the usage and
health benefits of the greenway. With the right plant palette
and specifications, green infrastructure can both manage
stormwater runoff and support local wildlife. Existing and new
policy frameworks, best practices, outreach activities, and
ongoing infrastructure upgrades can all be harnessed to achieve
biodiversity goals. In addition, incentives and regulatory structures
can be directed towards biodiversity. For example, stormwater
permitting processes and regulatory structures related to water
quality improvement can be written to include targets for urban
greening that encourage green infrastructure projects.
In semi-arid climates where water scarcity is a key concern,
native plants can help meet new expectations for water
consumption in public and private landscapes. For example, in
California, native oaks epitomize the multiple benefits of native
plant selection. They support local biodiversity, store more
carbon than most urban trees, provide large canopies, and
require little water (Spotswood et al. 2017). Urban biodiversity
can also contribute to urban food production, as native
flowering plants can support pollinating insects that are crucial
to the success of urban agriculture (Davis et al. 2017). Urban
greening—including the integration of biodiversity patches,
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Traffic Circle with native vegetation in Berkeley, CA (Photo courtesy of Shira Bezalel)

corridors, and matrix improvements—can be linked to a remarkably diverse
range of important cultural and biophysical ecosystem services, including
spiritual enrichment, cognitive development, reflection, recreation, aesthetic
experience, as well as stormwater management, heat island mitigation,
pollution control, and carbon sequestration (Plieninger et al. 2015, Livesley et
al. 2016).
As cities are redesigned to support more people and adapt to climate change,
it will be increasingly essential to design the disparate urban green features
and spaces to work together to achieve these multiple functions. By aligning
urban forestry, stormwater and flood protection, greenways, parks, and
public/private landscaping, communities can create networks of nature that
maximize the delivery of critical ecological functions to all parts of the city.
The science of urban biodiversity provides a technical framework to integrate
nature into urban design and to leverage disparate small and large initiatives
to generate greater health, ecology, and resilience.
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Overcoming
Challenges to
Designing for
Biodiversity

Development of urban greenspaces with an
eye towards biodiversity can have multiple
benefits for both nature and people (Dearborn
and Kark 2010). Mental and physical health
benefits for people with exposure to
greenspaces are well documented (Hartig et
al. 2014, van den Berg et al. 2015) and there is

evidence that increased biodiversity can enhance the health benefits derived
from these spaces (Fuller et al. 2007). Additionally, urban greenspaces are
where many urban residents will have their primary day-to-day interactions
with nature, which can be foundational in creating connections to the local
environment and motivating environmental stewardship (Cleary et al. 2018,
Whitburn et al. 2018). Particular attention to native species can further
increase the value of these interactions by facilitating local connections and
helping to create unique regional character. As with biodiversity, special
features such as large trees in urban areas can have outsized impacts on
people (Cox et al. 2019).
While there are numerous benefits to be derived from urban nature,
biodiversity also comes with trade-offs that should be considered part of
project implementation. Emphasizing the varied benefits for people when
designing and promoting features for biodiversity may improve public opinion
of these efforts and increase the likelihood of their success.
One important consideration when improving habitat and connectivity for
wildlife in urban areas is the potential for human-wildlife conflict. Increasing
opportunities for interactions between animals and people can have both
positive and negative outcomes (Soulsbury and White 2015, Cox and Gaston
2018). While biodiversity hubs and large greenspaces are ideal places to
support carnivorous mammals, for example, their dispersal into more heavily
populated areas may lead to conflict, with negative outcomes for both people
and wildlife. Feeding of wildlife can exacerbate problems of conflict with
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wildlife by habituating animals to human contact. Resident attitudes towards
particular animals, such as those perceived as dangerous or destructive, may
result in pushback against efforts to support urban wildlife. Careful planning for
sensitive species in combination with education and outreach can help address
and mitigate these concerns.
Evaluating which biodiversity elements can be applied in which parts of the city
can also help achieve broad biodiversity benefits while also accommodating
community needs for particular spaces. All steps of the proposed biodiversity
framework do not have to be carried out in all parts of a city to support
considerable biodiversity, and targeting the types of interventions to spaces where
they are most appropriate can go a long way towards mitigating potential conflicts.
For example, while urban residents may not welcome carnivorous mammals in
their backyards, they may be happy to see these animals in larger greenspaces.
Dead trees may be unacceptable near businesses or houses, but may be less of
a problem in larger greenspaces in areas with little foot traffic. Small areas such
as road medians, traffic circles, and vacant lots may be good targets for removing
lawns and planting for biodiversity as long as aesthetics are maintained, while
recreation fields and social spaces may be less practical to convert.
Adoption of biodiversity interventions in private spaces depends strongly on the
attitudes and behavior of individual landowners, and while education is important,
it is often not sufficient to promote environmental actions and values (Byerly et
al. 2018). There has been some success using interactive dialog intervention to
improve resident knowledge of and attitudes towards biodiversity (van Heezik
et al. 2012). van Heezik and co-authors conducted these dialogues with private
homeowners. Going beyond general education, interventions included specific
information about each participant’s individual garden, and each homeowner
was told how their garden ranked in terms of biodiversity benefits compared
to others. Participants who received this feedback did not change deeply-held
environmental values. However, many demonstrated an improved understanding
of their yard as habitat for wildlife and reported making changes to their gardening
practices. If such intensive, targeted actions cannot be conducted everywhere,
they can be directed towards high-priority areas for conservation, such as near
biodiversity hubs or in potential habitat complexes.
Social norms, as well as the behaviors and expectations of others, can have
important impacts on whether individuals choose to act in environmentally
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beneficial ways (Byerly et al. 2018). People may be more likely to take action
to support biodiversity if they perceive that others in their community agree
and that these actions would be considered socially acceptable or valuable
(Nassauer et al. 2009, Hunter et al. 2012, Goddard et al. 2013). Biodiversity
outreach can use this information proactively. Including information related to
existing community support for biodiversity actions may help achieve greater
support and participation.
Individual opinions can also be influenced by the particular history of a
place, and these opinions can change over time. Understanding the social
and historical context of a place can help identify barriers and opportunities.
Working directly with communities to plan biodiversity projects will
often reveal this important context and can help in designing successful
interventions. External events such as droughts, development, and natural
disasters can lead to rapid shifts in public opinion, sometimes providing new
opportunities to make changes for biodiversity. Incentive programs associated
with these events can help promote change. However, formal incentive
programs are often less effective than informal social pressures, and should
be employed strategically where money has been identified as an important
barrier (Goddard et al. 2013).
In other cases, exploring how biodiversity goals can be aligned with an
individual’s priorities for their yard can lead to targeted solutions that overcome
particular barriers or concerns. For example, a program might emphasize the
reduced maintenance needs of native plants for managers motivated by a
desire for low maintenance landscaping. Where recreation is a priority, native
plant gardens can be designed in combination with areas of functional lawn. For
residents concerned about aesthetics and community opinion, informative signs
about native plant gardens can help communicate to neighbors that an untidylooking space is purposeful and cared for.
Understanding the social dynamics and drivers of individual decisions in private
spaces is an important component of creating a successful plan for biodiversity
conservation in urban contexts. Anticipating potential challenges and including
plans to address them can lead to more effective urban biodiversity projects.
Given the many benefits of access to diverse greenspaces, it is worthwhile to
design these interventions in ways that will be feasible and successful in a wide
variety of communities and contexts.

§
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5

LOOKING
FORWARD

126 • Looking Forward

Cities will face significant challenges over the coming decades as they work to accommodate population
growth and adapt to a changing climate. After a century or more of development, cities around the world
have inherited legacies that put little priority on leaving space for nature. There is growing recognition
that integrating nature back into cities is critical for creating livable places that can weather the coming
changes. However, there is still a long way to go towards making a new vision for cities a reality.
To get there will require cross-sector collaborative approaches, bottom-up community based projects,
and broad dissemination of the scientific results that support the case for nature in cities. The Urban
Biodiversity Framework provides a scientifically-based foundation for these efforts that can help
guide the different actors and sectors that shape urban morphology to be more supportive of local
ecosystems and species. We envision these principles informing a variety of actions and scales, from
regional mobility or climate adaptation plans to backyard planting palettes, through a combination of
both targeted and holistic strategies.
Urban biodiversity, and the diverse benefits it can provide, offers a framework for linking urban spaces
into a functional network that everyone can contribute to. Our vision is that urban biodiversity planning
can unite people, creating a shared agenda where each actor can have a role in shaping healthier cities
where everyone stands to gain.

§
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APPENDICES
Appendix A
CASE STUDY: SILICON VALLEY

Study Area

The study area included in the Silicon Valley case study (Chapter 3, Fig. 3.1 and all
subsequent maps) includes the urbanized area between Coyote Creek and San
Francisquito Creeks, as well as all the creeks in between that drain to the San
Francisco Bay. The study area mostly follows the urbanized footprint of Santa Clara
County, though some of Morgan Hill to the south is excluded (based on a watershed
boundary), and East Palo Alto to the north is included (this city lies in San Mateo
County). The northern boundary also excludes the tidal marshes and salt ponds in
the San Francisco Bay. This boundary was digitized manually, and lies within the city
limits of various municipalities. Small discontiguous urban areas in the hills were also
manually excluded.
Data used to create this study area include the 2010 USGS Urban Dynamics Data Set
(built-up lands in the San Francisco Bay region) as the urban template. Additionally,
we relied on data from the Santa Clara Valley Water District (SCVWD) to determine
watershed boundaries. In addition, the land use map in Figure 3.2 was reclassified
from over 100 land use types from the Association of Bay Area Governments (ABAG
2006).

Patch size

Maps and analyses in this element (Fig. 3.3 and 3.4) were created from the California
Protected Area Database (CPAD) and the California Conservation Easement Database
(CCED) data, which together represent lands owned in fee or protected for open
space purposes by public agencies or non-profits (CPAD 2017a and CCED 2016). While
other private or unindexed open spaces may exist, these layers serve as a baseline of
existing public or non-profit owned or protected lands, and includes most publicly
accessible open spaces. In some cases, adjacent parcels were merged so that parks
bordering one another were considered a single habitat patch. In addition, other
small adjustments to boundaries were made around river corridors and city parks
where land cover suggested a coherent patch that extended slightly beyond property
boundaries. For example, the many individual parcels that comprise Guadalupe River
Park were merged where there were no large gaps between parcels.

Connections

The map (Silicon Valley Connections: Stream Corridors) and analysis (Habitat
Connectivity of Silicon Valley Waterways) in Figures 3.6 and 3.7 relied on Bay Area
Aquatic Resources Inventory (BAARI), version 2.1 2017 (SFEI), and riparian survey
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data acquired from SCVWD’s 2010 Stream Maintenance Renewal Project (surveys
performed by Aerial Information Systems [AIS 2010]). Data represents dominant
vegetation community structure at a given data point, down to species composition.
Waterways were classified as underground or above-ground based on BAARI data.
Waterways within BAARI classifications “fluvial channel”, “fluvial ditch”, and “fluvial
engineered channel” were categorized as above-ground, while “fluvial subsurface
drainages” were categorized as underground. Above-ground waterways were further
classified as “vegetated,” “unvegetated,” or “no data” based on the SCVWD dataset.
Waterways were labeled as “unvegetated” when they overlapped with SCVWD
vegetation type categories “areas of little or no vegetation group,” “built up & urban
disturbance group,” “concrete lined channels,” “earth lined channels,” “perennial stream
channel,” “reservoirs,” “river & lacustrine flats & streambeds,” “roads > 50 ft wide,” or
“water group.” Waterways were classified as “no data” when they fell outside of the
SCVWD survey extent or overlapped with the SCVWD category “unknown type group
(flagged for field).” All other above-ground waterways were categorized as “vegetated.”

Matrix quality

The map and analysis of canopy cover in Figures 3.9 and 3.10 used data acquired from
CalFire’s Urban and Community Forestry program, which describes their methods as
follows: “an urban tree canopy baseline was compiled from the existing California
tree inventories, databases, and combined with data from a new 1-meter resolution
map product of tree canopy, from EarthDefine (2013). EarthDefine data is based
on 2012 NAIP imagery.” These data were averaged to produce a final layer with a
resolution of 30 x 30 meters. Additional information on methods used to produce the
CalFire layer can be found in Bjorkman et al. 2015.

Habitat diversity

Santa Clara Valley Historical Habitat types represented in Figure 3.12 is a combination
of mapping efforts from multiple San Francisco Estuary Institute historical ecology
reports (Grossinger et al. 2006, Grossinger et al. 2008, Beller et al. 2010). Some habitat
types were grouped for simplicity. For example, “Alkali meadow” includes high and low
concentration alkali meadow types; “Shallow Water” includes shallow bay and shallow
tidal channel; “Tidal flat” includes tidal flat / channel and tidal marsh panne.
The “Palo Alto Oaks and Historical Wet Meadow” diagram (Figure 3.13), used a
comprehensive survey of all oaks in Palo Alto from the OakWell Survey conducted by
Canopy (Canopy 2003). The density map was created using a point density analysis,
which calculated the number of oak trees within a 500 foot buffer of each tree in
the dataset. The historical wet meadow overlay was based on SFEI historical ecology
studies described above.

Native vegetation

The map of Silicon Valley Native Vegetation (Figure 3.16) and analyses in Figure 3.15
were based on street tree inventory data from various cities, vegetation classifications
from CalVeg, and riparian stream surveys from SCVWD (AIS 2010).

Street tree inventory data

Street tree inventory data includes the cities of Palo Alto and East Palo Alto and
Mountain View, Cupertino, and San Jose. These datasets are available to the public,
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and most can be accessed through online GIS data portals on the websites for each
city. Street tree inventory data include only municipally owned and managed trees,
and exclude all privately owned trees. Therefore, inventories do not fully represent
the population of trees in the urban landscape and underestimate the overall tree
density in the area. Because surveys are conducted by individual cities, are not
mandated, many cities do not have comprehensive inventories of street trees. Thus,
our dataset contains large gaps; data was not available for Santa Clara, Campbell,
Alviso, or Sunnyvale. Each inventory was standardized, and species names were
made consistent (including managing synonyms and misspellings). Vacant sites and
incomplete records were dropped from the dataset.
Identifying native trees. Trees were considered native if they were historically
native to the Santa Clara Valley floor. Note that because the emphasis was on
trees native to the valley floor, this list does not include other common street
trees native to the region at a higher elevation or in a more moist climate, such as
Sequoia sempervirens, or trees native likely to other parts of California, such as
Cercis occidentalis.
Native trees were identified using a variety of sources, including Terrestrial
Vegetation of California (Barbour et al. 2007); the Holland Classifications from
the Manual of California Vegetation (Sawyer et al. 2009); historical ecology data
(Grossinger et al. 2006, Grossinger et al. 2008, Beller et al. 2010); The Distribution
of Forest Trees in California (Griffin and Critchfield 1972); CalFlora (https://www.
calflora.org/); and the California Native Plant Society’s CalScape tool (https://
calscape.org/).
Classified as native: Acer macrophyllum, Acer negundo, Aesculus californica, Alnus
rhombifolia, Heteromeles arbutifolia, Platanus racemosa, Populus fremontii,
Prunus ilicifolia, Quercus agrifolia, Quercus douglasii, Quercus kelloggii, Quercus
lobata, Sambucus caerulea, Sambucus mexicana, and Umbellularia californica.

CALVEG
This dataset represents modern habitat vegetation classifications, using a
modified version of data from CALVEG. CALVEG is a USDA Forest Service product
providing a comprehensive spatial dataset of existing vegetation cover across the
state of California. The data were created using a combination of remote sensing
classification, photo editing, and field based observations. More information on
CALVEG can be found here: http://www.fs.usda.gov/detail/r5/landmanagement/
resourcemanagement/?cid=stelprdb5347192.
This particular layer was acquired from the Conservation Lands Network (CLN) of
the Bay Area Open Space Council, and is a modified version of original CALVEG data.
Details how the Council’s version differs from the original are described here: https://
www.bayarealands.org/explorer/glossary/vegetation.html. The analysis of native and
non-native vegetation included only vegetation classifications, excluding water, rock,
and urban classification types. Data represents dominant vegetation community
structure. Vegetation was classified as follows:
Classified as native: Blue Oak Forest / Woodland, California Bay Forest, Central
Coast Riparian Forests, Coastal Salt Marsh / Coastal Brackish Marsh, Coastal
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Scrub, Mixed Montane Chaparral, Montane Hardwoods, Permanent Freshwater
Marsh, Redwood Forest, Semi-Desert Scrub / Desert Scrub, Serpentine Barren,
Serpentine Grassland, Serpentine Hardwoods, Serpentine Riparian, Chamise
Chaparral, Coast Live Oak Forest / Woodland, Valley Oak Forest / Woodland
Classified as non-native: Non-Native Ornamental Conifer-Hardwood Mixture,
Non-native/Ornamental Grass, Cultivated, Moderate grasslands, Warm
grasslands

Riparian stream surveys.

Vegetation types from SCVWD were classified into native, non-native and other
vegetation (this class was not mapped) classes. All built and water classifications were
excluded from the analysis, including built/urban, channels, reservoirs, rivers and
streambeds, and roads. Vegetation was classified as follows:
Classified as native: Acer negundo, Aesculus californica, Alnus rhombifolia, Areas
of Little or No Vegetation Group, Arid Freshwater Emergent Marsh Group (Marsh
vegetation), Artemisia californica, Baccharis pilularis, Bulrush - Cattail mapping
unit, California Perennial & Annual Grasslands Mapping Unit Group (Native
component), Chord Grass, Fresh or brackish Bulrush spp. mapping unit, Juglans
hindsii Semi-Natural Stands, Platanus racemosa, Populus fremontii, Quercus
agrifolia, Quercus lobata, Salicornia - Salt Grass - Jaumea, Salix exigua, Salix
laevigata, Sambucus nigra (lumped with Mexican elderberry), Serpentine
Component Mapping Unit, Southwestern North American Riparian Evergreen &
Deciduous Woodlands Group
Classified as non-native: Arundo donax, Conium-Foeniculum patches,
Eucalyptus, Exotic Trees (Canopy Height <2 Meters), Exotic Trees (Canopy Height
>15 Meters), Exotic Trees, (Canopy Height 2-15 Meters), Lepidium latifolium,
Mediterranean California Naturalized Annual & Perennial Grassland Group
(Weedy grasslands with no native component - Ruderal), Orchards, Rubus
discolor, Sequoia sempervirens

Special resources

The map and analysis of Special Resources (Figs. 3.18 and 3.19) was based on street
tree inventories, used to identify large trees and the Bay Area Aquatic Resources
Inventory, used to identify the locations and sizes of wetlands and streams (BAARI
version 2.1, SFEI 2017). See Connections and Native Plants sections above for
descriptions of these datasets. Figure 2.18, showing the distribution of native and nonnative trees by size, excluded Palo Alto and East Palo Alto, because these cities did not
include diameter information for very large trees.

Other basemaps

Other maps included throughout chapter 3 include a digital elevation model the
Department of Water Resources (Wang and Ateljevich 2012) and TIGER/Line Shapefile
roads courtesy of the US Census Bureau (2016).
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