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Conserving California’s Coastal Habitats:
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California’s iconic coast occupies a special place in the hearts of Californians, draws visitors from around
the world, and fuels the state’s economy. California’s beaches, intertidal areas, estuaries, wetlands, and
coastal uplands are critically important. These ecosystems provide habitat for many species, provide
opportunities for recreation, buffer our coast from storms, improve water quality, and support coastal
fisheries. The Nature Conservancy and the California State Coastal Conservancy have worked to protect
these natural resources for the past half century. However, California’s legacy of coastal protection and
conservation, and resulting benefits to our communities, are at risk from sea level rise and climate-
driven storm surges, the effects of which are already being seen along California’s coast. Every decision
we make at the coast now and into the future needs to be made with these future conditions in mind,

and this cannot be done without an understanding of the important role of natural systems in buffering
these impacts. As two organizations dedicated to coastal protection and restoration, we are pleased to
present Conserving California’s Coastal Habitats: A Legacy and a Future with Sea Level Rise. This statewide
assessment quantifies and maps the vulnerability of California’s coastal habitats, imperiled species,

and conservation lands to sea level rise, as well as opportunities for conservation strategies to maintain
coastal habitat area in the face of sea level rise. We hope this assessment will help decision-makers and
California’s communities better understand what is at risk from sea level rise, where California’s coastal
resources are most vulnerable, and what we can do to ensure that California’s future coast will be as well
conserved, diverse, accessible, and valuable as it is today.
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The Nature Conservancy in California California State Coastal Conservancy

Suggested citation: Heady, W. N., B. S. Cohen, M. G. Gleason, J. N. Morris, S. G. Newkirk, K. R. Klausmeyer, H.
Walecka, E. Gagneron, M. Small. 2018. Conserving California’s Coastal Habitats: A Legacy and a Future with
Sea Level Rise. The Nature Conservancy, San Francisco, CA; California State Coastal Conservancy, Oakland,
CA. 143 pages.









Executive Summary

‘ he California coast that we know today will not be the coast of the future. Sea level rise and other
climate change impacts will have profound effects on our coastline and its natural resources. California

harbors high numbers of native, rare, and imperiled species in an array of unique coastal habitats. A
majority of California’s coastline exists as natural habitat, over one-third of which has been preserved by

a legacy of conservation efforts. Yet, this conservation legacy is at risk and we must act now to conserve

the unique values of California’s coast—for both people and nature—into the future.

To inform current and future adaptation decisions and
conservation actions we conducted the first statewide,
comprehensive assessment of the vulnerability of California’s
coastal habitats, imperiled species, and conservation lands
tosealevel rise. Coastal habitats exist in narrow bands at the
land-sea interface and are therefore extremely susceptible
to inundation by sea level rise. However, some habitats
may be able to adapt vertically and possibly move inland,
assuming local topography and the built environment do not
constrain this movement. We assessed the vulnerability of
40 habitats to sealevel rise by quantifying the sensitivity and
spatial extent of projected exposure of each habitat patch to
intertidal and subtidal waters, relative to its ability to move
inland in response to rising sea levels.

Results of this spatially explicit assessment show that five
feet of sea level rise will have dramatic impacts on coastal
habitats, biodiversity, and protected lands along California’s
coast. The study found that as much as 25% of the existing
public conservation lands within the analytic zone will be lost
to subtidal waters. Eight imperiled species—including coastal
dunes milk-vetch, California seablite, and California Ridgway’s
rail—only occur in areas that are projected to be inundated
with a projected five feet of sea level rise. At least half of the
documented haul-outs for Pacific harbor seals and Northern
elephant seals, and nesting habitats for focal shorebirds like
black oystercatchers, are also highly vulnerable.

A majority of the area for several key coastal habitats are

highly vulnerable, including:

* 58% ofrockyintertidal habitats, most of which is located
in the North Coast and Central Coast ecoregions,

¢ 60% of upper beaches statewide,

* 58% of regularly-flooded estuarine marshes, and

* 59% ofirregularly-flooded estuarine marshes in the South
Coast ecoregion, and 30% in the San Francisco Bay Delta.

The future of coastal habitats is dependent on the decisions
we make today about how we will adapt to rising sea levels
and manage coastal resources. By using habitat vulnerability
results in combination with other data, we identified five key
strategies organized under two larger themes:

Conserve and Manage for Resilience

We need to ensure that our existing conservation lands are
maintained and managed for resilience and that we invest in
new conservation by investing in the following three strategies:

MAINTAIN EXISTING RESILIENT
CONSERVATION LANDS

Approximately half of the habitat area within tracts of conserved
lands along the California coast are resilient to sea level rise.
Maintaining resilient conservation lands means maintaining
the conservation status of the landscape as well as taking man-
agement steps to ensure that coastal habitats remain resilient
to sealevel rise. Each ecoregion contains extensive networks
of these ‘resilient strongholds’ which should be managed to
preserve natural coastal processes, resilient habitats, and the
goods and services they provide to people.
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CALIFORNIA COASTAL CONSERVATION ASSESSMENT
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1.0 Introduction

_|_he California coast that we know today will not be the same coast in the future due to sea level rise
and climate change. Investments made to date in coastal conservation to protect important habitats
and species, are at risk as ocean waters rise and coastal margins erode. California’s current policies and
decision-making frameworks are not yet prepared for this threat. Land use, development, and conservation
decisions made for California’s coastal areas must consider the vulnerability of the coast to sea level rise,
and the coastal changes that will unfold over the coming decades. To guide current and future adaptation
decisions and conservation actions, we conducted the first statewide, comprehensive assessment of the
vulnerability of California’s coastal habitats, imperiled species, and conservation lands to sea level rise.
How California accommodates and adapts to changes from sea level rise will determine what our future
coast will look like, how well conserved and protected coastal ecosystems will be, and what benefits the
coast will provide to future generations.

© Lisa Cox/USFWS
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Source: California Department of Fish and Wildlife ACE-Il Statewide Native Species Richness

Figure 1.1 Relative distribution of five levels of native species richness across California.
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1.1 California's Coast: A Rich Place
Worth Conserving

California’s open coast spans over 1,100 miles (1,770
kilometers) fronting the Pacific Ocean. With the inclusion
of the San Francisco Bay shoreline and detailed mapping
of the many smaller estuaries along the coast, the coastline
measures over 3,500 miles (5,764 kilometers). This coastal
geography encompasses a range of factors such as geology,
topography, slope, and climate that together give rise to a
diversity of ecosystems, habitats, ecological communities,
and species. California has the highest biodiversity of the
continental United States (Stein 2002), and the coast of
California harbors the highest levels of native species
richness (number of species) within the state (CDFW ACE 11
2015; Figure 1.1). The many species that make up California’s
coastal biodiversity are found in a rich array of habitats
including rocky shores, beaches, dunes, wetlands, rivers,
coastal prairie, chaparral, scrub, and forests. Beaches and
rocky shores are dominant habitats of California’s outer
coast, while marshes and mudflats are dominant habitats
overall, nested within the hundreds of estuaries along the
coast. California’s coast provides resting areas along global
migrations for a diversity of species, as well as nesting and
pupping habitat, nursery habitat, and important feeding
grounds critical to populations of many species, some of
which are found nowhere else in the world.

The coast of California is also important to people. Over
89% of all Californians believe that the California coast is
personally important to them (Probolsky Research 2017).
Californiais the most populous state in the nation, with 38.9
million people, 68% of whom reside within the 21 coastal
counties, out of 58 total counties (State of California 2014;
Figure 1.2). California’s largest urban centers—Los Angeles,
San Diego, and the San Francisco Bay Area—are right on
the coast. While California’s 21 coastal counties occupy just
23.5% of the state’s land area, they are responsible for about
85% of the state’s Gross Domestic Product (NOEP 2017).
With human populations, transportation infrastructure,
industry, and agriculture focused within areas of the coast,
there has been an extensive loss of many coastal habitats.
Yet, the remaining areas of California’s intact coastal habitats

and the diversity they support contribute to the state’s
economy more subtly, through the provisioning of ecosystem
services—or the benefits people obtain from ecosystems
(Millennium Ecosystem Assessment 2005). Wetlands filter
agricultural runoff and other pollutants before they enter
the ocean, improving water quality (Valiela et al. 1997, Fisher
and Acreman 2004, McKellar et al. 2007). Healthy coastal
estuaries provide nursery habitats for fish and support
commercial fisheries (Beck et al. 2001, Hughes et al. 2014,
Hughes et al. 2015). Coastal landforms and habitats buffer
seaside communities against waves and storm surge, helping
residents avoid millions of dollars in damage costs (Arkema
etal. 2013, Narayan et al. 2016). Coastal marshes have some
of the highest rates of carbon sequestration of any habitats
in the world and therefore are important for mitigating
climate change and sealevel rise (McLeod et al. 2011). Finally,
the coast provides recreational opportunities for people—
important to local communities, and drawing millions of
tourists who fuel California’s economy (NOAA 2015).

1.2 A Legacy of Conservation along
California’s Coast

While the iconic beauty and benefits of nature are inherent
qualities of California’s rich coast, the fact that most coastal
lands today are natural habitats is the result of a legacy of
strategic conservation efforts and key policies over the past
century. California is recognized for some of the earliest
state-led conservation efforts in the nation. For example, Big
Basin Redwoods State Park was purchased and conserved in
1902 in the coastal mountains of Santa Cruz County. Much
of coastal California was historically managed by private
landowners as large ranches that benefited from productive
lands for grazing and agriculture yet also contained vast areas
of intact coastal habitats. Beginning in the mid-twentieth
century, with a mutual interest in preserving these iconic
coastal lands, many landowners partnered with conservation
organizations and agencies to conserve these lands in
perpetuity and prevent development and conversion. Many
of the federal, state, and regional parks we now enjoy along
California’s coast are a result of this conservation legacy.
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Figure 1.2 Human population density across California.
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BOX 1.1A THE NATURE CONSERVANCY'S LEGACY OF CONSERVATION

The Nature Conservancy (TNC), founded in
1951, began working to conserve California’s
coast early in the history of the organization.
In 1960, TNC conserved the 177 acre Buena
Vista Lagoon in the rapidly growing urban area
of Carlsbad. The estuarine habitats of Buena
Vista Lagoon, now an Ecological Reserve
managed by the California Department of Fish
and Wildlife, are a bird sanctuary and an
important conservation stronghold in an
otherwise urban setting.

Over the years, TNC has worked with private,
state, and federal partners to conserve 402
km? throughout the study area of this coastal
assessment. Many well-known preserves,
parks and other protected areas along
California’s coast are the beneficiaries of TNC's coastal conservation legacy, from Buena Vista Lagoon, to Andrew Molera
State Park, the Marin Headlands, Stornetta Ranch, Elkhorn Slough, and the recent 101 km? Dangermond Preserve at Point
Conception. Within the study area alone, TNC has played a role in protecting 42 km? of California’s State Parks and Beaches,
15 km? of University of California Reserves, and more than 10 km? of National Wildlife Refuges.

© Matt Merrifield/The Nature Conservancy

TNC sometimes conserves land through direct acquisition, as with its property at Ormond Beach, which TNC manages in
partnership with the California State Coastal Conservancy (SCC) and the City of Oxnard. Sometimes TNC protects coastal
land through conservation easements, as it has with private ranch lands at the Ten Mile River estuary. TNC frequently acts
as an agent assisting in acquisitions on behalf of other conservation interests, as it did with the protection of Guadalupe-
Nipomo Dunes. TNC has also been influential in the development of state conservation bonds and guiding their use to fund
coastal conservation.

Today, although land protection is still an important part of TNC's coastal conservation efforts, TNC now utilizes a growing
suite of approaches to conservation and adaptation along the coast. TNC works to bridge the gap between decision-makers
and the best available science through CoastalResilience.org (an interactive online resource) and the Coastal Resilience Network
that SCC now manages. TNC partners with influential landowners to demonstrate nature-based adaptation and the benefits
it provides, and works with disadvantaged communities to implement science-based restoration projects that protect coastal
access and coastal habitat for current and future generations. TNC develops and drives the sound science needed to guide
conservation decisions, policy, and action throughout California’s coast.

California’s legacy of coastal protection is also a result of
California having some of the strongest coastal policies and
agency oversight in the nation—addressing and mitigating
threats from development, pollution, resource extraction,
and other stressors. At the center of California’s coastal policy
framework is the California Coastal Act. The California
Coastal Act, while now over 40 years old, remains one of the
most comprehensive frameworks for planning and regulating
land and water uses, including shoreline protection along the
coast (Box1.2). The California Coastal Commission regulates
land use planning and development in the Coastal Zone
(Box1.2) so that it is consistent with goals and policies of the

Coastal Act. The California State Coastal Conservancy (SCC)
isanon-regulatory agency responsible for planning, funding,
and implementing projects to protect coastal resources,
agriculture, and public access. California’s federally
authorized Coastal Zone Management Program includes
these two agencies, along with the Bay Conservation and
Development Commission (BCDC), which is the regulatory
agency charged with permitting land use in San Francisco
Bay and its shoreline. For decades, these three agencies
have worked together to protect California’s coastal natural
resources and the benefits they provide to nature and people.
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BOX 1.1B THE STATE COASTAL CONSERVANCY'S LEGACY OF CONSERVATION

The California State Coastal Conservancy (SCC) was created in 1976 to complement the state's regulatory agencies by working
with partners to protect and enhance coastal resources and improve public access to the coast. In protecting many of the
most-loved scenic, natural, and recreational resources of the California coast and the San Francisco Bay Area, SCC has played
a critical role in shaping the coastal landscape that we enjoy today.

The SCC works on behalf of Californians, developing projects that enhance natural resources for the benefit of all. The SCC
operates on a range of geographic scales to plan and implement projects that achieve multiple objectives, such as restoration
of habitats, completion of trails and recreational amenities, climate resilience, and economic enhancement of urban waterfronts.
The SCC strives to promote environmental equity and justice for the underserved—including disadvantaged communities,
persons with disabilities, tribes, and others—through its work to restore habitats and watersheds, provide public access and
recreational opportunities, and increase resilience to climate change.

Since its creation, the SCC has completed more than 2,400 projects—building hundreds of miles of trails, constructing scores
of public access facilities, and preserving hundreds of thousands of acres of wildlife habitat, coastal farmland, redwood forests
and scenic open space. The SCC has helped protect more than 300,000 acres (1,214 km?) of natural and scenic lands along
California’s coast and the San Francisco Bay, and led statewide efforts to restore and enhance coastal wetlands throughout
California. The Conservancy has supported hundreds of wetlands projects and has been a leader of the State’s largest restoration
efforts. By working with public and private partners, the SCC has protected and restored over 50,000 acres (202 km?) of
wetlands in coastal areas and around San Francisco Bay.

The SCC works with communities to plan now for climate change and implement projects that reduce potential damage
through nature-based strategies. Protecting and enhancing our forests, wetlands, and other natural areas will help nature
buffer the effects of sea level rise and extreme weather. These projects reduce greenhouse gases, diminish hazards to harbors
and ports, and make coastal communities and natural lands more resilient to a changing environment.

California’s Public Trust Lands are also part of the portfolio
of coastal habitats managed by the state for values critical
to nature and people. Tidelands between mean high tide
and mean low tide, and subtidal areas from the shore out
three nautical miles into the Pacific Ocean, as well as lakes,
streams, and other navigable waterways, are designated as
Public Trust Lands that are held in trust by the State for the
benefit of the people of California. Since 1938, the California
State Lands Commission has been the administrator and
guardian of these valuable public interests, with the authority
to permit the private use oflands below the mean high tide
line, solong as these uses “do not unreasonably interfere with
the uses and purposes reserved to the people of the State.”

The state of California has been a leader in environmental
policy for over a century; however, current policy and
decision-making frameworks were developed to reflect
static existing conditions and are not well suited for the
dynamic needs of adapting to sealevel rise because they do
not accommodate a changing shoreline. Further, the fruits

of California’s coastal conservation legacy are themselves :
at risk of impact from sea level rise. © Tijuana River National Estuarine Research Reserve
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BOX 1.2 CALIFORNIA'S COASTAL ZONE

The California Coastal Act describes the Coastal Zone as
“that land and water area of the State of California from
the Oregon border to the border of the Republic of Mexico...
extending seaward to the state’s outer limit of jurisdiction,
including all offshore islands, and extending inland
generally 1,000 yards from the mean high tide line of the
sea. In significant coastal estuarine, habitat, and
recreational areas it extends inland to the first major
ridgeline paralleling the sea or five miles from the mean
high tide line of the sea, whichever is less, and in developed
urban areas the zone generally extends inland less than
1,000 yards. The coastal zone does not include the area
of jurisdiction of the San Francisco Bay Conservation and
Development Commission.”

The California Coastal Act’s goals within the Coastal Zone
include “to protect and enhance coastal resources, ensure
balanced resource use, ensure access and recreational
use, prioritize coastal-dependent uses (which excludes
residential uses), and encourage coordinated state and
local planning.”

1.3 Sea Level Rise: The Threat of the
Century for Coastal Habitats

The coast is dynamic—continually changing—but accelerated
sealevel rise and increasing storm intensity and frequency
threaten to significantly alter the character, form, and
function of California’s coast (Heberger et al. 2011, Griggs
etal. 2017, Thorne et al. 2015). Sea levels have already crept
up California’s shores by approximately 0.2 m (8 in) in the
past100 years, and current modeling projections suggest that
there is a high likelihood that California will experience an
additional 0.3-1.0 m (1.0-3.3 ft) of rise by 2100 (Griggs et al.
2017). Projections reflecting an improved understanding of
rapid mass loss from continental ice sheets present an even
more dire projection of up to 3 m (10 ft) of sealevel rise within
this century (DeConto and Pollard 2016, Griggs et al. 2017).
Rising sea levels will increase erosion of coastal bluffs and
cause heightened flooding and erosion in low-lying areas,
threatening natural resources and human infrastructure.
Although taking action now to reduce greenhouse gas
emissions is essential to mitigate rates and amounts of sea
levelrise, greenhouse gas emissions to date have already set
the conditions for rising seas for the following century and

beyond (Deconto and Pollard 2016, Griggs et al. 2017). While
sealevel rise projections are continually being updated and
improved (Griggs et al. 2017), we know enough now to take
action. Understanding what habitats are at risk from sea level
rise, where habitats may be able to move inland in response
to sealevel rise, and how these challenges and opportunities
interact with land use and conservation management lands
is key to understanding what biodiversity is at risk, and
prioritizing where to act now and in the coming years.

IMPACTS OF SEA LEVEL RISE AND HUMAN
ADAPTATION RESPONSES ON COASTAL ECOSYSTEMS

As sea levels rise, coastal habitats may be squeezed into
an ever-shrinking area between rising seas and human
development and infrastructure. Coastal habitats are at
risk of being submerged and their associated species will
be lost, without immediate conservation and management
actions to ensure those species and habitats have the space
and ability to move inland. Higher seas will mean a higher
reach for storm surge, which will increase the frequency and
extent of coastal flooding, especially during El Nifio events.
Saltwater intrusion into surface and groundwater aquifers
will push further and further inland, potentially altering
natural habitat communities and impacting agricultural
practices (Nicholls and Cazenave 2010). Currently protected
and conserved coastal areas in California and their habitat
value, which represent a real and substantial investment
for the future, may also be impacted or lost due to sea level
rise. This concern has been highlighted along the Atlantic
seaboard (Epanchin-Niell et al. 2017) but has not been

examined along the coast of California.

Development and infrastructure along California’s coast
also faces significant risk from sea level rise impacts, such
as flooding and erosion. It is estimated that sea level rise
and associated flooding will threaten nearly $100 billion
worth of property along the California coast by 2100
(Heberger et al. 2009). Coastal communities may choose
to adapt torising seas and increasing storm damage by using
arange of approaches to protect life, property, and/or the
environment. Three options of response include: protection,
accommodation, and retreat (Box 1.3), and these approaches
may be used for different assets within a community, or at
different points in time.
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BOX 1.3 RESPONSES TO SEA LEVEL RISE

Protection strategies defend the current location of
development even as sea levels rise.

Accommodation strategies harness traditional zoning,
building code, and flood protection code tools to increase
development's resilience to sea level rise.

Retreat strategies channel new development out of
vulnerable areas while allowing existing development to
be relocated, demolished, or inundated by the rising sea.

(Dronkers et al. 1990, Herzog and Hecht 2013)

Protection strategies—such as armoring coastal
infrastructure in place with seawalls, revetments, dikes, or
levees—can impact natural processes and lead to negative
consequences for coastal ecosystems, such as increased
erosion, loss of habitat areas, and reduction in key ecosystem
services that coastal habitats provide (Dugan et al. 2008,
Dugan et al. 2017, Thorne et al. 2015). For example, sea
walls disrupt sediment transport and increase erosion along
beaches, reducing beach width and coastal access (Griggs
2005, Dugan et al. 2008, Dugan et al. 2017). Thus, both
sea level rise and protection strategies to defend in place
pose significant threats to California’s remaining coastal
shorelines and habitats. Alternatively, modifying the built
environment to adapt to a changing coast could increase
resilience of both human assets and natural resources on

California’s coast. Accommodation and retreat strategies
promote the ability of natural systems (e.g., beaches, dunes,
wetlands) to respond to the many impacts of sea level rise
on the nearshore ecosystem, and allow these systems to
migrate landward, facilitating their resilience and the
benefits they provide (Titus 1990, Nicholls 2011). Using
habitats as natural infrastructure can provide protective
services to built assets while simultaneously delivering the
co-benefits that coastal habitats provide, like recreation, fish
nurseries, water filtration, carbon sequestration, and erosion
control (Arkema et al. 2013). Many of the coastal population
centers in California still benefit from the protective services
that coastal habitats provide, but those services themselves
are at risk of loss due to climate change or human impacts
(Arkema et al. 2013).

ADAPTING CONSERVATION STRATEGIES FOR SEA
LEVEL RISE

Without concerted efforts to protect remaining intact natural
habitats and change our traditional conservation approach
to account for sea level rise, California faces further loss
of its already greatly-diminished coastal habitats to sea
level rise. Losses of coastal habitats will not only affect
the many unique, rare, endemic, and migratory species
that rely on these habitats, but also cascade to impact the
abundant services coastal habitats and species provide to
humans. Whether the responses that acommunity chooses
for any given area will be strategic and adaptive in nature,
and whether they will contribute to healthy nearshore

© Paul Jenkin/Surfrider Foundation

© Paul Jenkin/Surfrider Foundation
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ecosystems, will depend on the individual community’s
priorities, its understanding of its coastal ecological assets,
and the costs and benefits of the alternatives.

If we are to conserve the extent and function of coastal
habitats in the face of sea level rise and protect our coastal
conservation legacy, we must adapt our traditional approach
to conservation—one that conserves species and their
habitats in place—toward an approach that recognizes the
changes underway and sustains overall ecosystem function
in the face of these changes. As climates change and sealevels
rise, conditions conducive to the survival of a species or
habitat in one location may be lost, but may arise in several
others. Thus, aregional perspective is necessary to maintain
biodiversity, community assemblages, and habitat area.
Further, conservation goals should focus on maintaining
functional and resilient ecosystems with high diversity and
adaptive capacity in alandscape setting that allows species
to move (Anderson and Ferree 2010). This will require
a thorough understanding of the current ecological and
management context, the changes underway due to sealevel
rise, and the relative vulnerabilities of different habitats
so that we can prioritize action and motivate those whose
decisions can determine California’s future coast.

© Sue Pollock/The Nature Conservancy

1.4 Goals of this Assessment

This assessment aims to elucidate the conservation
impacts of sea level rise to California’s coastal habitats and
biodiversity by characterizing the conservation landscape
of the coast today, assessing what species and habitats are at
risk from projected sealevel rise, and identifying where there
are opportunities to protect, restore, and conserve coastal
habitats and biodiversity into the future. This spatially
explicit assessment aims to guide conservation action and
to identify where and how it will be possible to reverse the
loss of coastal ecosystems in the face of sealevel rise. We first
characterized the present-day coast by compiling spatial data
on the distribution and extent of coastal habitats and focal
species, land use, ownership, conservation management
status, access and recreation opportunities, and the built
environment (Section 3). We then developed and applied
an analytic approach to assess the vulnerability of coastal
habitats to sea level rise (Section 4). Finally, we used these
results to quantify and inform strategies to conserve coastal
habitats in the face of sealevel rise (Section 5). We identified
high-priority areas on a statewide and regional scale to guide
conservation action to protect and restore coastal habitats
into the future.
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