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This report was collaboratively developed by the Califor-
nia Ocean Science Trust (OST) and a four-member science
working group, in close coordination with the California
Ocean Protection Council (OPC). OPC is a Cabinet-level
state body whose mission is to protect California’s ocean
and coast by advancing innovative, science-based pol-
icy and management, making strategic investments, and
catalyzing action through partnerships and collabora-
tion. The report authors received targeted input from
additional state regulatory agencies, non-governmental
restoration project managers, and research scientists. This
document presents scientific concepts, considerations,
and recommendations for coastal and ocean restoration
decision-making in California that the working group
identified as best practices.

The need for a report of this scope was identified through
policy discussions between OPC and State natural
resource management agencies. The State expressed
interest in a resource to guide and inform conversa-

tions about statewide coastal and ocean restoration
target-setting, including when and where restoration
action may be appropriate, designing effective restoration
monitoring programs, and enhancing climate resilience
for long-term restoration success. In response, the collab-
orators of this report convened to identify priority topics
that would both effectively respond to State interests and
provide forward-looking, best-available science on resto-
ration in the face of climate change.
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EXECUTIVE SUMMARY

The purpose of Science Guidance for Coastal and Ocean Restoration in California into
a Changing Future is to support California policymakers, managers, practitioners, com-
munities, and stewards as they navigate coastal and ocean restoration under changing
climate conditions. Restoration is challenging as it requires an iterative science-based
approach, navigating uncertainty, and making values-based decisions. Climate change
is accentuating these challenges by creating additional uncertainty into the future.

This document outlines the decision points in statewide- and project-level restoration
planning and management to provide scientific and applied best practices to help navi-
gate those decisions. This report can be applied to voluntary restoration (i.e. restoration
not conducted for mitigation purposes) and, when aligned with regulatory requirements,
to restoration required for mitigation. Science Guidance for Coastal and Ocean Resto-
ration in California into a Changing Future includes sections on coordinated statewide
approaches to coastal and ocean restoration, restoration goal setting, decision-making
process design, project planning, restoration techniques, and monitoring and evaluating
restoration projects. This report offers the following key messages to this end:

1. Minimizing the need for restoration by preventing sources of degradation
and managing for more resistant and resilient habitats should be prioritized.

While restoration is a useful tool for ecosystem and species (together referred to as
“systems” in this document) recovery, and will be even more necessary under climate
change, it is not a substitute for conservation. The proactive protection and manage-
ment of California’s natural resources is the most effective approach for maintaining
ecological function, particularly because restoration is resource-intensive and success is
highly variable. The likelihood of success in restoration will become more uncertain as
the unknowns of climate change continue to shift our understanding of systems and their
responses to climate impacts. Conservation and restoration will need to be undertaken
in coordination, constituting a paired approach in which conservation is prioritized and
restoration is employed when conservation alone is not sufficient or possible.



2. Climate change necessitates expanding the definition of restoration—and
setting a targeted vision for what success looks like.

Historically, restoration has focused on supporting recovery-in-place wherein restoration is
used to recover lost systems and processes where they previously occurred. While recov-
ery-in-place will continue to be an important component of restoration practice, shifting
ocean and coastal conditions will call on restoration to proactively adapt systems to new
environmental realities. To identify the most appropriate restoration action, implementing
a decision-making framework can be instructive. Structured decision-making frameworks
provide guidance on identifying, comparing, and evaluating the numerous complex and
value-driven priorities with the given uncertainties of restoration in a fair and transparent
manner. The Resist-Accept-Direct (“RAD") decision-making framework provides users with
a guide to decide whether to resist change in a system, accept the change that a system
is facing, or direct a system to a new, preferred condition.

3. Restoration success should be measured against accomplishing project
goals, as well as the return of ecosystem functioning that is comparable to
reference sites, rather than the recovery of a single function.

Restoration can be motivated by a variety of interests, such as the recovery of a particu-
lar species, ecosystem function, or ecosystem service. During restoration planning, these
motivations often become a project’s restoration goals, against which a project’s success
can be measured. However, projects sometimes identify a unilateral goal (e.g., increasing
carbon sequestration or protection from sea-level rise) as the purpose for undertaking

a restoration action. This report asserts that goals such as these are insufficient to claim
full restoration, and the overarching definition of project success should also include the
return of ecosystem functioning (e.g. biodiversity, species richness, resilience) compara-

ble to that of a reference site.

4. Statewide restoration priorities can effectively inspire coordinated
restoration action by catalyzing strategic goal-setting and investments while
balancing achievability and ambition.

The State plays a crucial role in guiding coordinated statewide restoration efforts by
establishing restoration priorities and goals, funding opportunities, regulatory and
permitting pathways, management frameworks for marine resources, and other mech-
anisms. Beyond California’s borders, the State also contributes to global initiatives
and conservation frameworks, elevating the importance and impact that restoration

in California can have worldwide. Using science-based information regarding focal
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systems’ extent, stressors, restoration potential, current protections, and prognosis
under climate change when identifying restoration priorities and actions can yield more
effective restoration outcomes. Efforts based on scientific information to coordinate
statewide restoration can determine target restoration acreage for particular systems,
identify an appropriate number of restoration projects to fund based on system type
and region, and more. Statewide actions and priorities should be grounded in sci-
ence-informed need for a system while incorporating a level of ambition beyond that

need to help motivate innovation and incentivize urgent action.

5. Restoration site suitability depends on historical and projected future extent,
the feasibility of addressing drivers of degradation, project goals, and human
communities’ priorities for restoring a degraded habitat.

Historical records, including tribal knowledge (when tribes deem it appropriate to share
such knowledge) and local knowledge (e.g. from fishers, harvesters, and community
members), can inform where ecosystems and species were able to persist without cur-
rent stressors, which presents a starting point for understanding candidate restoration
sites. Considering how climate change is predicted to affect potential restoration areas
may serve as an additional filter for identifying candidate sites. Determining whether
causes of degradation have been or can be feasibly addressed further narrows down
potential sites. Beyond these minimum criteria for site suitability, potential sites will
have differing capacity to achieve project goals, so sites should be selected with clear
project goals in mind. If selection from multiple remaining sites is still required, con-
sidering additional social dimensions such as community buy-in, the risk tolerance of
affected communities and funders, feasibility and logistics, cost effectiveness, and per-
mit viability, can help with final site selection.

6. Restoration must meaningfully incorporate and be inclusive of the social
considerations of tribes and other local communities connected to a project.

Although the primary purpose of this document is to convey natural science principles
for restoration, restoration decision-making is inherently interwoven with social values.
Restoration can strengthen place-based identities, restore tribal access, revitalize cultural
practices, and support the implementation of Indigenous and local ecological knowledge.
Project goals should therefore incorporate the values, priorities, and lived experiences of
tribes and local communities. Doing so contributes to a more successful restoration effort
by aligning project outcomes with community needs and building community capacity
needed for long-term support for a restoration project.
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7. Restoration techniques include methods to address stressors and assist
system recovery.

Restoration interventions are organized into two categories in this document: a) stressor
management, which consist of interventions that remove or mitigate stressors, and

b) assisted recovery, which refers to interventions to reintroduce or promote recov-

ery of key species and ecosystem processes. A non-exhaustive list of interventions is
presented in the appendix for seven coastal and marine systems in California: sandy
beaches and dunes, tidal wetlands, oyster beds, rocky intertidal, seagrasses, kelp for-
ests, and mid-depth subtidal rocky bottom. By presenting restoration methods for
these species and ecosystems, organized into techniques for stressor management

and assisted recovery, this report can serve as a starting point for identifying potential
appropriate restoration methods and understanding the state of restoration practice for

different systems.

8. Climate change will require developing and employing innovative restoration
and management techniques.

As the impacts of global climate change accelerate, restoration is shifting towards
proactive, climate-adaptive approaches that anticipate the need for larger-scale res-
torations and more climate-resilient systems. These approaches to restoration include
a) protecting natural adaptive processes, b) decelerating environmental stressors, and
c) enhancing the capacity of systems to adapt to change. Protecting natural adaptive
processes includes restoring locations and processes that enable natural buffering
against climate impacts, such as restoring habitat connectivity, safeguarding climate
refugia, and scaling current restoration technologies. While decelerating environmental
stressors is already a main component of restoration, future efforts to manage stressors
may require greater intensity, broader scale, or more technologically-advanced meth-
ods to respond to projected climate futures. Enhancing the capacity of a system to
change means accelerating climate resistance and resilience within an ecosystem, which
includes an array of genetic, physiological, microbial, and community interventions.
Because many of these techniques are novel and carry uncertainty, continued research,
risk evaluation, and pilot testing may be needed for further development.

9. Monitoring sites before, during, and after implementation enables adaptive
management and increases the likelihood of project success.

Monitoring is critical across all phases of restoration, from pre- through post-inter-

vention, to assess restoration efficacy, enable learning for improved management
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through time, and to understand whether project or permit goals have been satisfied.
Pre-restoration monitoring at both project and reference sites is essential to determine
whether restoration is appropriate given the ecosystem’s current status and trend and
to establish system baselines that inform site suitability. During a project, monitoring is
used to compare baseline metrics to in-progress metrics to indicate whether interven-
tions are aligning with expectations or need to be adapted. Post-restoration monitoring
is used to determine the success of a project by measuring if a project has accom-
plished its goals or if adaptive management is needed to realign a project’s trajectory
so that it can achieve its goals.

10. Making monitoring data publicly available and easily usable is critical
for advancing our understanding of restoration and for tracking statewide
restoration goals and targets.

The ability to share and access long-term restoration monitoring data is important to
advance restoration techniques and increase the scale and impact of future restoration
efforts. Unfortunately, monitoring data is not often publicly available or, when it is, it is not
often in a standardized, usable format. The creation and use of a centralized, statewide
database for restoration monitoring data is a critical next step to accelerating our under-
standing of restoration in the state. Data sharing should be governed by FAIR (Findable,
Accessible, Interoperable, Reusable) data principles and CARE (Collective Benefit,
Authority to Control, Responsibility, and Ethics) Indigenous data sovereignty principles.

By sharing these guiding scientific principles, the authors aim to encourage increased
coordination and efficiency in restoration planning and implementation, and therefore
accelerate successful restoration under climate change in support of a healthy California
ocean and coast. This report serves as a resource for enhancing restoration outcomes
across the state by integrating climate change principles directly into project planning.
Leveraging scientific advancements and piloting climate-ready interventions in Cali-
fornia can ensure that future investments foster resilient, equitable ocean and coastal
ecosystems that are capable of thriving in a changing environment.
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1. Introduction

The purpose of Science Guidance for Coastal and Ocean Res-
toration in California into a Changing Future is to support
policymakers (state and federal legislators and agency leaders),
funders (public or private entities that fund restoration work), man-
agers (local, state, tribal and federal government staff responsible
for day-to-day management of coastal and ocean jurisdictions),
permitting staff, practitioners (groups or individuals conducting
on-the-ground restoration projects), and coastal communities

in decision-making on coastal and ocean restoration planning,
design, implementation, and monitoring. By providing a common
framework for restoration grounded in best available science and
knowledge, this report seeks to support a coordinated approach
that accelerates restoration progress in coastal California. This
science guidance applies to voluntary restoration (i.e. restoration
undertaken that is not required to comply with a permit, regula-
tion, or legal mandate) and to regulatory restoration for mitigation
when aligned with permitting requirements.
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This document is not a detailed guide to the specific procedures and regulations gov-
erning mitigation and is not intended to replace or contradict agency documents that
prescribe how restoration must be conducted to fulfill mitigation or permit require-
ments. However, most large-scale restoration that has occurred in California, particularly
for wetlands and kelp forests, has been conducted through permittee-required mitiga-
tion and thus offers valuable lessons for coastal and ocean restoration statewide. Unless
otherwise specified, the guidance in this report applies to the restoration-for-mitigation
context as well as for voluntary restoration. The intent of this report is to serve as a
scientific resource for those interested in pursuing ocean and coastal restoration, not to
set state policy.

Figure 1 summarizes the restoration decision-making framework that structures this
document. The report begins with identifying whether restoration is feasible and, for
voluntary restoration, whether interventions are necessary and appropriate. Next,

it outlines considerations for statewide action and coordination on restoration and
identification of project-specific goals, prioritization of site selection, and develop-
ment of project metrics to track progress. The document concludes by describing how
the framework is applied in practice, including choosing restoration interventions,
approaches to monitoring, and data sharing.

Science information is the foundation for restoration decision-making, but it is not the
only set of principles informing and guiding restoration in California. Although the
primary motivation for this document is to convey scientific principles for coastal and
ocean restoration into the future, the document’s focus on scientific applications for res-
toration practice is not intended to imply that other fields of knowledge and information
are less important in restoration decision-making. For example, one gap in information
and perspective in this document is Indigenous restoration practices, knowledge, and
priorities. Tribal stewardship and management of ocean and coastal territories includes
restoration activities, and future efforts may further explore how science and traditional
knowledge can complement one another to yield a healthier California coast and ocean.

To develop this report, OST convened a series of virtual meetings with the working
group and OPC to discuss the report’s content and scope. The working group members
served as scientific and technical advisors for the report’s content, while OPC provided
policy context and State perspective. After each meeting, OST compiled discussion
notes into report content, which underwent revisions by the working group consider-
ing feedback from OPC. Before the report was finalized, it was reviewed by additional
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| Section4

W Section 5; Appendix
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If novel/risky or the
efficacy of multiple tools
needs to be tested

Figure 1. Flow chart of the restoration planning framework depicting the decision
points that this document helps inform, with relevant document sections identified.
Decision points may vary depending on the system and scale of restoration. Not
included in this figure is a more detailed flowchart, Figure 2 (Section 2.3), which can
further inform decisions on whether or not to restore.




California State agencies (California State Coastal Conservancy, California Coastal Com-
mission, California Department of Fish and Wildlife, California State Lands Commission,
and State Water Boards) to ensure that its content is presented in the appropriate
context within existing State policies and regulations. The report was simultaneously
reviewed by an external peer review committee led by OST to ensure technical accuracy
and rigor.
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2. Navigating Restoration
in a Changing World

2.1 An Evolving Definition of Restoration

The definition of restoration is continually evolving as scientists and
practitioners expand our understanding of how ecosystems func-
tion, respond, and recover from disturbances, and as restoration is
increasingly recognized as an inherently social and scientific con-
cept [1]. The conventional definition of restoration presented by the
Society for Ecological Restoration is the process of reestablishing
the function and value of ecosystems that have been degraded,
damaged, or destroyed [2]. Beyond this scientific framing, the term
restoration also holds regulatory and legal meaning. For example,
California’s Fish and Game Code § 1671, The Restoration Manage-
ment Permit Act, defines a “qualifying restoration project” to be “a
management or propagation project that has the primary purpose
of restoring native fish, wildlife, plants, or their habitat”. Federally,
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the Natural Resource Damage Assessment, authorized through the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 and the Clean
Water Act, defines restoration as “actions undertaken to return an injured resource to
its baseline condition, as measured in terms of the injured resource’s physical, chem-
ical, or biological properties or the services it previously provided.” While additional
statutory definitions exist, there is a general lack of statutory clarity over the definition
of restoration [3]. As a result, these statutes are generally broadly defined and remain
misaligned with the evolving scientific understanding of restoration [3].

Consistent with these definitions, restoration has historically focused on supporting
recovery in place, or in-situ restoration, and involves removing stressors, creating or
improving habitat, and restoring ecological processes so that a species or ecosystem
(referred to collectively in this document as “systems”) will be self-sustaining in the
long term [4]. Restoration practices have historically relied on past system conditions
as a template for desired restoration outcomes, yet, what constitutes a “past” or “nor-
mal” state is inherently subjective depending on the period for which an ecosystem’s
baseline is set (e.g. pre-colonial vs the 1980s). Differing baselines for past system con-
ditions have significant implications for restoration planning and evaluation. Therefore,
while bringing back healthy systems where they once thrived will likely remain a focus
of restoration where feasible [5], this practice may overlook that past conditions may no
longer be attainable.

With climate change and other global environmental change come shifting conditions
that may inhibit the ability for past ecosystem assemblages to thrive where they once
were, and new opportunities for systems to exist in places where they previously did
not. As such, historical ecosystem states are not necessarily the most ideal, or even pos-
sible, outcomes for restoration under future climate conditions [5]. The restoration of a
system’s function might, in some cases, have to move beyond the conventional idea of
in-situ recovery [5,6]. In this expanded view, restoration encompasses both the recovery
of historical systems and the proactive adaptation of ecosystems to new environmen-
tal realities. For degraded systems, this includes enhancing their capacity to absorb or
recover from climate disturbances [7,8]. In areas where recovery-in-place is not feasible,
restoration may instead warrant guiding a local ecosystem toward a new assemblage or
recreating lost habitat elsewhere. In all cases, the focus shifts from restoring past condi-
tions to ensuring that the existing ecosystem functions effectively.
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Restoration can be triggered by a diversity of motivators. In some cases, a local com-
munity may wish to see the return or restored health of a particular system. In other
cases, an agency may provide funding for restoration projects that advance a statewide
goal or that prioritize the recovery or enhancement of particular ecosystem services or
functions. Although restoration may be inspired by the aforementioned or other specific
motivators, this report asserts that for a project to be considered restoration, it must
also seek to restore overall ecosystem function. If a project’s sole purpose is to restore
one aspect of ecosystem health without the complementary goal of restoring the sys-
tem’s function as a whole, there may be negative consequences for non-focal aspects of
the system’s health.

2.2 Resist-Accept-Direct Framework

Due to shifting environmental conditions outside the control of local authori-

ties, resource managers may choose to adopt the Resist-Accept-Direct (“RAD")
decision-making framework to inform restoration action as part of a larger spectrum of
environmental management [9,10]. According to the RAD framework, restoration may
be used to help resist change by restoring ecosystem composition, structure, processes,
or function according to past conditions. Resisting ecosystem change can include
bolstering the system'’s resilience by reducing local recurring stressors and restoring
ecosystem components that enable greater resistance, recovery rate, and recovery
likelihood (i.e., ecological resilience) [11-13]. If restoration to achieve natural recovery
of the desired state is not possible, the framework offers acceptance as an alternative

in which managers allow ecosystem composition, structure, processes, or function to
change autonomously without restoration intervention [14]. Beyond these options, man-
agers can actively intervene to help direct a system’s transition to a new composition,
structure, or function that is more likely to persist under future climate change [15].

The goal of the RAD framework is to enable clarity of goals, and identification of
relevant management interventions to achieve those goals, when global environmen-
tal change challenges the feasibility of the traditional restoration goal of restoring

to historic baselines [9,10]. Determining which approach (resist, accept, direct) may
best achieve desired outcomes depends on a range of considerations including the
degree of climate impact (current and anticipated, including the degree of uncer-
tainty around anticipated future outcomes), feasibility (in terms of ecological, societal,
and financial considerations), and societal acceptability [2,10]. Depending on the
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information available (e.g., availability of downscaled climate models, mechanistic
understanding of thresholds in system dynamics), navigating RAD may involve more
qualitative approaches such as scenario planning or more quantitative approaches
such as cost-benefit analysis [9]. Taken together, the considerations and information
availability guide RAD’s deliberative approach for evaluating the three pathways, with
the chosen approach justified when it best serves the ecological and social objectives
of the restoration. Therefore, acceptance of change is not a default to inaction but a
deliberate outcome that is chosen once the full range of possible responses are con-
sidered. This choice, however, isn't static, as the relevant approach may also vary in

space or time with changing environmental conditions, where multiple approaches can

be considered together as a portfolio. Effective implementation rests in flexibility to

adjust management over time [9,10]. Adoption of the RAD framework in projects by the

National Park Service and USGS [9,16], and its use in evaluating management decisions

in California coastal systems [17], exemplifies the utility of RAD in an array of contexts.

Use of the RAD Framework within the National Wildlife Refuge System
and National Parks Service

The National Wildlife Refuge System and National Parks Service manages
millions of acres of land across the United States. As such, managers of these sys-
tems experience a wide range of climate impacts which have provided real-world
examples of different RAD decisions.

Resist: The Billy Frank Jr. Nisqually National Wildlife Refuge in Washington is
an estuary whose tidal inundation was blocked by a dike in order to convert the
area into farmland. These wetlands continued to degrade with the introduction
of invasive grasses and impacted hydrologic flow. Managers decided to resist
changes through invasive species removal and tidal flow restoration to restore
the refuge to its pre-farmland conditions [18]

Accept: The Chassahowitzka National Wildlife Refuge is a system of estuaries,
marshes, and islands in Florida that are being impacted by the effects of sea level
rise. Rising seas are creating more brackish conditions for the ecosystems in the
refuge. Managers have chosen to accept the changes in salinity and vegetation
as they have decided that resisting these changes are not feasible [18].

Navigating Restoration In A Changing World
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Direct: In Glacier National Park, warming water temperatures and the proliferation
of an invasive trout species are impacting the survival of the endangered bull trout
(Salvelinus confluentus). Managers have decided that resisting these changes is
not possible and that accepting these changes would lead to the further loss of
the native trout species. As such, managers have decided to direct changes to the
ecology of the upper creek above an impassable waterfall so as to create a new
habitat area to help restore the threatened population of fish [19].

Mixed Approaches: The Blackwater National Wildlife Refuge in Maryland sits
at sea level in tidal Maryland and is threatened by sea level rise. Managers have
implemented a mix of resist, through invasive species removal and added eleva-
tion that bolsters against the effects of sea level rise on native vegetation, and
direct, through excavation that enables tidal saltmarsh expansion [9].

Although directing a system to a new state is typically viewed as a last resort, accel-
erating climate change may make such interventions unavoidable in the future [20].
Recognizing this possibility early enables decision-makers to start collecting relevant
ecological and social information now, which can inform choices in the future. Directing
a system’s transition to a new state, or creating a habitat where it currently does not
exist, must be approached with the understanding that there are trade-offs associated
with converting one habitat type into another. When the purpose of restoration is to
recover lost ecosystem function, considering the social and ecological values of an eco-
system, even in a differing state, can support decisions about whether a shift in habitat
composition is most appropriate.

Regardless of the management choice made under the RAD framework, restoration
should only be deployed if it enables or accelerates recovery compared to what would
normally occur. This determination depends on the feasibility of natural recovery, the
timescale required for natural recovery, the expected scale of restored ecosystem func-
tion, availability of tools, regulatory frameworks, social desire, and adequate financing.
Comparing potential restoration futures to a no-action alternative is helpful for inform-

ing whether restoration investments are worthwhile.
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2.3 Identifying When to Restore

While there are many social, logistical, and economic considerations, understanding a
system’s natural spatio-temporal dynamics will help inform whether restoration inter-
vention is worthwhile, at a given time and place. The productivity and persistence

of many marine systems fluctuate in response to cyclical oceanographic conditions.
Having sufficient and diverse historical data and modeling for future conditions can
indicate whether a location may or may not be an ideal candidate for intervention. As
an example, utilizing best available science can evaluate whether: (a) a location has a
low likelihood of maintaining required conditions in the future and therefore may not
be a candidate for intervention; (b) a system is lost or degraded beyond the potential
for natural recovery on management-relevant time scales, and therefore may be a can-
didate for restoration intervention, or (c) whether that system is in a cyclical, predictable
period of lower productivity or extent, and may likely recover within a reasonable time
frame without intervention. Figure 2 provides a generalized framework that can be
applied across a range of habitats to inform decisions on whether or not to restore.

While restoration is a helpful tool for supporting healthy ocean and coastal systems,
and will likely be even more needed in the future, the field of restoration ecology
broadly acknowledges that conservation, or proactive protection and prevention of
degradation, is preferred over restoration necessitated in response to significant deg-
radation [21]. Minimizing the need for restoration by preventing sources of degradation
in the first place and managing for more resistant and resilient habitats should be pri-
oritized. Conserving suitable areas today, whether they are lost, degraded, or healthy,
can support managed systems in the future. One such example includes mitigation for
environmental impacts of continued operation of Diablo Canyon Power Plant in San Luis
Obispo County. As part of the Power Plant’s certification to continue operations through
2030, the operator will protect 4,500 acres of land adjacent to San Luis Obispo through
conservation easements [22]. Doing so enables opportunities for future management
action, including restoration, in new areas that may not be priority or viable restoration
sites today [4].

Conservation is preferred over restoration because restoration is a time- and
resource-intensive endeavor with high variability of success. However, in urbanized and
modified systems, many communities will need to pair conservation with restoration

and subsequently conserve restored areas to support ecosystem function recovery.
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Figure 2. A generalized decision tree that can be applied across habitats to inform whether
restoration is appropriate. The first decision point, which requires determining whether

or not a target system'’s health is outside of its historical norm, can be based on a variety

of habitat-specific factors. In most cases, determining thresholds for health abnormality
requires collaboration and deliberation by subject matter experts. There is immense value
in identifying habitat-specific restoration thresholds, and these efforts are encouraged

to ensure thresholds are collaboratively developed, spatially/temporally appropriate and
include multiple knowledge streams to guide decision making. One such example includes
the ongoing development of the Kelp Restoration and Management Plan.
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Restoration’s uncertain return on investment is made even less sure under the influence
of climate change, which introduces additional challenges, such as novel stressors, com-
pounding disturbances, and uncertain recovery trajectories. Although restoration yields
variable outcomes, some systems are so damaged, and some species are at such low
abundances, that opting to conserve rather than restore is no longer a viable option. In
some cases, restoration action may need to be taken regardless of cost because conser-
vation may not be sufficient to support severely degraded systems into the future.

Restoration success rates can be increased by iteratively incorporating lessons learned
from previous projects and on-site experimental studies. Knowledge sharing through
the perpetuation of lessons learned supports more informed, and therefore more suc-
cessful, restoration going forward. The development of new methods, techniques, and
strategies offers opportunities for practitioners to remain optimistic as the pace, scale,
and effectiveness of restoration continue to improve. Given this understanding of the
difficulties of restoration, especially under climate change, this document is structured
to help inform a coordinated, climate-informed approach to ocean and coastal resto-

ration in California.
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3. Considerations for
Coordinated Statewide
Ocean and Coastal
Restoration

3.1 The Value of Coordinated Statewide
Restoration Efforts

California’s 1,100-mile coastline supports a high diversity of plant
and animal species, both above and below the ocean’s surface.
The health of ocean and coastal ecosystems vary across the state,
falling along the spectrum of healthy to degraded, often fluc-
tuating along that spectrum according to seasonal, annual, or
semi-decadal cycles. These ecosystems are subject to multiple
management jurisdictions. Several State agencies such as the
California Department of Fish and Wildlife, California Coastal
Commission, California State Coastal Conservancy, and California
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State Lands Commission have overlapping and complementary management respon-
sibilities in ocean and coastal areas, as do federal agencies like the National Oceanic
and Atmospheric Administration’s Office of National Marine Sanctuaries and Office
of Coastal Management, the Bureau of Land Management, and the Bureau of Ocean
Energy Management. California’s coastal and ocean ecosystems have also been stew-
arded and managed by Indigenous peoples since time immemorial. Tribes continue to
lead in protecting and restoring marine ecosystems, both through centuries-long stew-
ardship and, more recently, through tribally-led research and monitoring programs such
as the Tribal Marine Stewards Network. As California works to more meaningfully engage
with tribes in natural resource management, the state is increasingly supporting tribal
stewardship through actions such as co-governance and co-management agreements
(e.g. Assembly Bill 1284, which authorizes the California Natural Resources Agency to
enter into such agreements with federally-recognized tribes) and land back initiatives
(e.g. the Wiyot Tribe’s leadership and stewardship of Mouralherwagh, a 46-acre stretch
of ancestral lands acquired by the Tribe through funding from the California Ocean Pro-
tection Council). Jurisdictional and ecosystem diversity combine to yield a complex
landscape for tribal and local governments, natural resource managers, policymakers,

researchers, community members, and restoration practitioners to navigate.

Supporting a healthy California coast and ocean requires coordination across tribal, local,
state, and federal governments, guided by the expertise and knowledge of scientists,
practitioners, and local communities working on ecosystem restoration and manage-
ment. Aligning efforts and goals across resource managers and permitting agencies is
essential to making the most of limited financial resources and for minimizing barriers to
conducting restoration in California. Statewide coordination on restoration actions and
priorities for the California coast under climate change can bolster ecosystem health,
support biodiversity, facilitate species range shifts, and contribute to climate refugia, as
discussed in Section 4 of this document.

Establishing shared priorities’ and agency-specific actions to accelerate coastal and
ocean restoration supports both individual agency mandates and cross-jurisdictional
coordination. Restoration priorities for California have historically been set by its
executive branch via agency strategic plans [23,24] and by its legislative branch via

1 Although statewide restoration actions and priorities may also fit the definition of a restoration goal,

|II

this document reserves the term “goal” for the project-specific context discussed in Section 4, so it is

not used in the context of statewide restoration priorities and actions to avoid confusion.
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new legislation like Assembly Bill 1581, the Res-
toration Management Permit Act passed in 2024,

and Assembly Bill 1757, passed in 2022 to establish
nature-based climate targets. Past and current res-
toration priorities have been presented in multiple
ways, including restoring a desired acreage of habitat;
supporting an identified number of projects; assess-
ing current systems’ health, extent, and management
practices; and more. Examples of recent or current
statewide restoration actions and priorities include

e By 2027, in partnership with the California
Department of Fish and Wildlife, complete
the statewide Kelp Restoration and Manage-
ment Plan and restore at least 2,000 acres of
kelp forest by 2030" Target 3.3.2 from OPC's
2026-2030 Strategic Plan.

* "Restore at least 7000 acres of coastal wet-
lands, 100 acres of native oyster beds, and
200 acres of eelgrass meadows by 2030.” Tar-
get 3.3.3 from OPC'’s 2026-2030 Strategic Plan.

e "Support 85 habitat restoration or enhance-
ment projects” Target 3.2.1 from the California
State Coastal Conservancy’s 2023-2027 Strate-
gic Plan.

e "By 2030, fund at least three land acquisi-
tion projects that increase opportunities for
coastal habitat restoration and upland migra-
tion in the face of sea level rise.” Target 3.3.5
from OPC's 2026-2030 Strategic Plan.

Coordinated statewide actions and priorities can
be helpful for incentivizing progress and invest-
ment by creating a sense of urgency and collective

action. Statewide actions and priorities can provide
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a common outcome that multiple agencies, governments, and non-governmental orga-
nizations can rally behind, empowering those entities to identify their individual roles
and responsibilities in contributing to success. This sense of community and individual
responsibility in service of a unified vision can be a powerful tool for progress in mul-
tiple applications, restoration included. However, if statewide priorities and actions

are not developed and executed with consideration of the best-available science and
needs and values of the people they affect, they can be counterproductive due to
misallocation of resources and loss of public trust. Statewide priorities can also be coun-

terproductive if they set unrealistic targets or create unfunded mandates.

3.2 Science Information Needs for Identifying Statewide
Restoration Actions and Priorities

To identify whether restoration can contribute to the State’s vision for a healthier
California coast, it is necessary to understand the current extent and health of focal sys-
tems, potential for restoration, and likelihood of restoration success. To the best of their
ability, policymakers should seek to answer the questions in Table 1 to understand how
an individual site and the focal system as a whole contribute to statewide priorities.

The process of establishing state-level restoration priorities and identifying actions
often occurs from the top down because of the need for consistency across agencies
or coordination of funding. A top-down approach means that policymakers identify-
ing statewide restoration needs would be informed by a broad California-wide picture
of restoration potential, area-based management measures, needs, jurisdictions, and
causes of degradation. However, informing statewide actions and priorities through a
bottom-up approach can ensure that local considerations, knowledge, and values are
reflected in statewide targets. Questions in Table 1 highlight how similar considerations
can be asked at the local scale and the statewide scale. Recognizing the similarities in
these considerations and differences in approaching their answers can help bridge the
difference between statewide and local priorities. Setting state priorities that balance
statewide interests with local needs can yield clear, coordinated, and actionable plans.

Considerations For Coordinated Statewide Ocean And Coastal Restoration | 26



Table 1. Information needs for bottom-up (project-specific) and top-down (statewide)

approaches for identifying scientifically sound statewide restoration priorities and actions.

When answers to the questions below are unknown or of low confidence, section 5.3 (risk

considerations) and section 6.2 (adaptive management), can support implementing pro-

tective measures rather than delaying action due to incomplete information.

Science
Need

Projected
impact of
a no-action
alternative

Stressors

Local Scale

Questions

Are adjacent systems
sufficient to maintain
local ecosystem
functions if a
no-action alternative

is pursued?

What are the
site-specific, or
immediately adjacent,
stressors that are
leading to the
degradation of the
system?

Statewide Scale
Questions

Is the current
statewide distribution
and status of the
system sufficient

to support natural
recovery?

What are the broadly
prevailing stressors

degrading the system
that require statewide

management?

Questions for
Both Scales

If restoration
interventions are not
taken, what is the
prognosis for the
target system?

How might changing
ocean conditions

impact this trajectory?

Could the stressors
be reasonably
removed, improved,

or mitigated?

How will a changing
climate affect the
frequency and
magnitude of the
stressors?
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Science
Need

Extent and
Distribution

Restoration
potential

Local Scale
Questions

How large is the
system? Where does
the system currently
exist?

Are site-level
environmental and
social conditions
supportive of
restoring the system?

Statewide Scale

Questions

What is the combined
area of the systems?
What is the regional
distribution of

the system across
California?

Is there sufficient
statewide policy,
funding, and
permitting support
to enable restoration
of the system at the
statewide scale?

Questions for
Both Scales

How much larger
were the systems
historically? Where
has the system
historically existed?
What is the amount
of variation- spatially
and temporally?

Where might the
system reasonably
exist in the future?

What is the general
condition of the
system?

Is there available area
to be restored, or is
restoration potential
inherently space-
limited?
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Science
Need

Availability
and
efficacy of
restoration

techniques

Current
protections

Future
impacts

Local Scale

Questions

Have restoration
techniques for the
focal system been
piloted and/or scaled
in the area in which
restoration is being
considered? If so,
how successful have
techniques been

and what can be
learned from previous
projects? If not, are
there parallel regions
that techniques could
be borrowed from?
Are there new or
more experimental
techniques available?

What site-level
measures are
protecting the
system?

What are the
projected changes
in site suitability
under future climate
conditions?

Statewide Scale
Questions

How extensive has
restoration of the
focal system been
statewide?

Do techniques
vary from region to
region?

What State policy
frameworks and
regulations are
protecting the
system?

Where is the system
projected to exist
under future climate
conditions?

How will this impact
the system'’s health

and function across
California?

Questions for
Both Scales

Are some regions
demonstrating higher
restoration efficacy
than others, and if
SO, can causes or
influencing factors be
identified?

Are current
protections sufficient
to support the
recovery and
preservation of the
system?

How can future
projections of
climate inform
whether restoration
interventions should
resist, accept, or
direct the system to
change?
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3.3 Criteria for Statewide Restoration Priorities
and Actions

Although specific statewide restoration actions and priorities are unique to each system
and to the various agencies with jurisdiction or permitting authority relevant to the sys-
tem in question, there are several broadly-applicable criteria that policymakers may want
to consider when they determine statewide restoration priorities. A scientifically sound
statewide restoration priority or action needs to be ambitious, achievable, trackable, have
a specified timeline, and be flexible in recognition of context dependencies and climate

change considerations.

Achievability in this context means obtaining the desired benefits for the predicted cost,
taking into account current restoration methods, potential area to be restored, financial
resources, and likelihood of success. Although it is critical to be aware of the scale and
speed at which restoration is currently underway for a focal system, statewide priorities
may also choose to identify ambitious actions that require innovation and collaboration.
A priority or action must also be achievable from a permitting perspective. Whether
the priority is conducting a defined number of projects, restoring a system to a desired
acreage amount, or innovating new restoration techniques, permitting pathways must
exist or be able to be revised to allow progress to achieve the priority. Effective and
efficient permitting takes into account the resources needed to secure permits, avail-
able restoration areas, possible restoration techniques, and the likelihood of success.
When testing new methods of restoration, appropriate scaling of pilot projects should
be employed to minimize the risk of unintended consequences while still allowing for

innovation, prior to applying at full scale.

Actions must also be trackable through metrics that describe a project’s contribution to
state priorities, such as the number of projects supported, the number of acres restored,
and the percent of projects that were successful, as discussed in Section 3.5. Under-
standing whether progress is aligning with priorities and actions to which the State has
committed provides opportunities to adjust course as needed. This is also why tying
actions to a specific date is important; projecting whether current efforts will lead to
completion of an action or progress toward a priority by the specified date allows for
timely reassessments of approach and resource allocation, if needed. Being able to
track and measure progress hinges on sufficient investment and resources allocated

toward restoration monitoring, which is discussed in more detail in Section 6.
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Policymakers should also consider the difference in value that a restoration action may
have if it is carried out in the near future versus the longer term. Although there may not
be regulatory or legal consequences for missing mandated or adopted deadlines for
restoration action, the cost of delaying restoration may be incurred by coastal human
communities that are dependent on the services provided by healthy coastal ecosys-
tems [25]. One study estimates that every dollar invested in coastal restoration provides
$15 in economic benefits, meaning every year of delay represents lost value to commu-
nities [26]. Setting and sticking to specified dates for restoration action can ensure that

investments yield outcomes that are as impactful and valuable as possible.

3.4 Setting Goals for How Much of the California Coast
to Restore

Restoration actions at the State level can include establishing restoration grant
programs, creating clearer permitting pathways for restoration, supporting Tribal stew-
ardship of coastal lands and waters, and more. Another way that state agencies and the
legislature can, and often have, promulgated restoration priorities is by setting state-
wide acreage-based targets for restoration of specific systems. Because acreage-based
targets (e.g., restore 1,700 acres of coastal wetlands by 2030) [27] and percent protec-
tion targets (e.g. conserve 30% of California’s lands and coastal waters by 2030, or the
“30 x 30" initiative) are commonly used, this section focuses on that type of state action
by presenting considerations for how to arrive at a scientifically-informed target extent.

Effective acreage-based restoration targets should be grounded in the possibilities and
opportunities available within the state, yet ambitious enough to address present and
future needs, and signal that restoration action is a priority. A useful start for deter-
mining acreage-based restoration targets is identifying how much area is ecologically
feasible to restore.

Ecologists often begin to understand an ecosystem’s potential for restoration by devel-
oping a picture of its previous known extent prior to anthropogenic stressors. This often
comes in the form of a system’s oldest known extent (an examination of the system’s
historical ecology). Identifying a system’s extent prior to the effects of industrialization
or other primary degrading stressor can indicate where the system thrived before pre-
vailing causes of degradation, and therefore where the system may be able to flourish
in the future if the causes of degradation are addressed. In other cases, a more recent
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known extent of a healthy and functioning system may be used to understand current
restoration potential. While both are helpful starting points, considering current and
future sources of degradation, and whether those stressors can be feasibly addressed,
provides bounds for developing a realistic restoration target. Historical data, long-term
time series, and accurate, current maps can help ecologists and resource managers
begin to develop this picture [28]. Traditional Knowledges held by California Native
American tribes, who have stewarded the coast and ocean of what is now known as
California for millennia, can complement non-indigenous science and provide a richer
picture of long-term ecosystem health, cyclical trends, and other information. Land-
based restorations have included partnerships with California Native American tribes
to inform knowledge of past ecosystem health and extent, which have the potential

to serve as blueprints for future application in a coastal context. One such land-based
example was a partnership between researchers and the Karuk Tribe Department of
Natural Resources, which resulted in a simulation model of cultural burning practices
within Karuk Aboriginal Territory in northern California. The partnership leveraged inter-
views, historical maps, ethnographies, ecological studies, contemporary maps, and
generational knowledge to create an understanding of the extent and frequency of
cultural burning practices across the study landscape, which can now inform ecosystem
and fire management plans [29].

In addition to the challenge of obtaining or understanding past conditions, another chal-
lenge when creating restoration targets for a system is identifying current extent, statewide
site suitability, and possible restoration potential. These assessments require significant
data that may not be available for focal systems. Restoration practices are more developed
for some systems in California than others since some systems have been the subject of
restoration practice for multiple decades (e.g., wetlands), while others have only recently
garnered restoration attention (e.g., kelp). For data-poor systems, in lieu of an acre-
age-based restoration target, decision makers interested in progressing toward restoration
may instead identify a restoration priority focused on developing system health and extent
maps, or supporting projects that fill knowledge gaps in restoration research. State-level
actions to these ends will help California continue to build its restoration capacity.

Once viable restoration extent and/or system health goals have been determined, man-
agers and policymakers may narrow down total potential extent based on financial, social,
and ecological factors. Target extent can be identified as the total amount of statewide
area for which there are projected net positive ecological, economical, and societal val-
ues gained through restoration compared to the predicted outcomes of a no-action
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alternative. Identifying the potential benefits that restoration may bring can be informed by

restoration goals that are explored further in Section 4.

As warming ocean temperatures, sea level rise, ocean acidification, hypoxia, and other
climate stressors become more intense, efforts to develop restoration targets should be
guided by an understanding that current habitat extent and successful restoration interven-
tions are likely to evolve over time. Periodic reevaluation of restoration targets can ensure
continuous alignment with observed and projected climate conditions. This may include
adjusting acreage goals, redefining target habitats, or identifying new areas to prioritize as
understanding of sustainable long-term management actions changes. Given the dynamic
nature of climate change, the State may want to maintain flexibility in adapting both resto-

ration targets, and methods for how to achieve said targets.

Understanding that restoration rarely, if ever, achieves a perfect match to the intended
restored extent can also be helpful when considering targets. Varying levels of recovery
should be expected for restoration efforts, both at site-specific and regional scales. The
uncertainty that exists in regard to restoration success is evident in mitigation ratios, which
often require restoration of 2-4 times the area that has been lost or degraded, as only a
fraction of a restored area yields successfully restored systems [30]. Policymakers will want to
consider whether statewide acreage-based targets should reflect the actual extent of desired
recovery or reflect a larger scale than needed to account for uncertainty and variability of

restoration success.

3.5 Defining Restoration Success

Policymakers and managers will need to define what is considered a successful project

in order to track progress towards state priorities. Ultimately, as described in Section 2.1,
restoration success is defined by a system that is self-sustaining with natural processes that
maintain a desired state or condition. However, given the increasing influence of global
stressors unable to be mitigated at the local level, a restoration that isn't self-sustaining
does not mean that it is not worthwhile. For some restoration interventions, actions may
be taken to “buy time” to preserve environmentally, economically, or culturally valuable
resources while global stressors are being addressed. Restoration interventions can also
provide systems experiencing rapid ecological change with benefits even when long-term
project goals are not ultimately realized. For example, many species (e.g., migratory birds,
anadromous fishes, and other taxa dependent on pulsed resource availability) rely on
ephemeral habitat features and short-lived surges in resources such as food provisioning
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or predator refugia that can arise during early or temporary phases of restoration. These
transient gains can significantly influence survival, reproductive success, and broader
population dynamics, providing critical energetic subsidies at moments of acute need.
However, the protracted timelines associated with permitting, environmental review,
and interagency coordination may delay action to the point that opportunities to deliver
these ecologically meaningful but time-sensitive benefits are forfeited. As a result,
organisms that might otherwise capitalize on temporary habitat improvements are left
without support precisely when climatic stressors, phenological mismatches, and habitat
degradation amplify their vulnerability. Recognizing the value of such interim benefits
argues for more agile, iterative restoration models capable of delivering ecological relief
on operationally-relevant timescales, rather than restricting investment only to projects
expected to achieve long-term permanence.

For State funded or permitted restoration actions, success will need to be evaluated at
two levels: state-level success and project-level success. State-level success for resto-
ration projects is determined by a project’s contribution to broader state priorities, such
as successfully completing a certain number of projects or contributing to acreage-based
targets. Project-level success is determined by whether the project accomplished spe-
cific predetermined goals as described in Section 4. Together, this creates a nested
framework that links individual project outcomes and statewide restoration impacts. For
example, a project that restores 50 acres of rocky reef by introducing hard substrate

to an area where previously exposed rocky reef had been permanently buried by sedi-
ment (e.g. via a landslide) to support kelp recovery would succeed on both levels if kelp
returns and the reef habitat is restored with the required species and structure to support
all the previous functions of a productive rocky reef ecosystem. If the reef is restored

but kelp does not return, the project has contributed to the state-level rocky reef acre-
age target but failed in its project-level goal. If the reef isn't restored and kelp does not
return, then neither level of success is achieved. Distinguishing between types of success
allows policymakers and managers to track progress while incorporating the variability of
restoration projects outcomes.

Defining success also requires an understanding of how the scale of a restoration influ-
ences the outcome of a project. Different spatial scales achieve different outcomes,
and successful restoration uses both small-scale and large-scale approaches. Small-
scale projects can serve as testbeds for piloting new techniques, fostering community
involvement, and catalyzing natural recovery, such as by acting as source populations
for adjacent areas. Small-scale restorations are particularly impactful in urban or
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resource-limited settings where they can
deliver a disproportionate number of ben-
efits, such as improved water quality or
shoreline protection, relative to their size.
Large-scale projects, on the other hand,
have a greater likelihood of providing full
recovery of ecosystem functions. However,
determining what constitutes a ‘small’ or
‘large’ scale project is dependent on the
system (such as the dispersal distance of
the species) and on the extent of degrada-
tion that motivated the restoration. Ideally,
the scale of the intervention should match
the scale of the problem. If that is not
feasible, clear goals should be articulated
to understand the objectives of a small-
scale project and how it can be scaled if
techniques show promise and resources
can support expansion. By linking scale to
success metrics, practitioners and policy-
makers can better evaluate progress.

Finally, restoration success must be
interpreted through the lens of climate
change. As environmental changes persist
and intensify, policymakers will increas-
ingly face complex questions about what
constitutes success. For example, should
a system be considered restored if it
achieves the desired function but requires
chronic intervention to persist? Similarly, if
a project using the RAD framework ini-

Restoration in Action: Small-Scale
Restoration with Large-Scale Impact

Restoration of Zostera marina,

a native species of seagrass, in
California‘s Elkhorn Slough con-
stituted small-scale experimental
restoration, but resulted in large-
scale impact. The restoration
transplanted seagrass into 117
0.25m? plots over two years within
the Slough, with the goal of track-
ing the survival and health of the
transplanted seagrass, its rate

of expansion, and whether the
restored seagrass ecosystem would
function similarly to naturally exist-
ing beds. Over time, transplanted
seagrass beds expanded without
further restoration intervention by
~8,500%, from a total initial trans-
planted area of 29m? to 2,513m?2 of
restored seagrass within three years
[31]. This highlights the notion that
small-scale restoration can have

an outsize, large-scale impact, and
emphasizes the value of small-scale
restoration that has the potential to

catalyze further natural recovery.

tially aimed to resist change, but post-intervention monitoring reveals that this system
can't be sustained, does deciding to accept the change or direct it to a new assem-
blage mean the project was successful? Integrating the RAD framework into restoration
planning allows for the flexibility required but risks shifting the goalpost of what is con-
sidered a success.
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3.6 Translating Statewide Restoration Priorities Into
Regional Opportunities

After statewide priorities have been identified, realizing them may require transla-

tion into regional opportunities. Focal systems such as kelp, eelgrass, wetlands, sandy
beaches and dunes, oyster beds, and rocky reefs have variable restoration potential
and need across the state. For example, a statewide acreage-based target of restor-
ing a specified number of acres of an ecosystem type does not mean that California’s
South, Central, North Coast, and Channel Islands regions must contribute equally to
achievement of that target. Instead, prioritization can draw on regional contexts, his-
torical extent, the condition of existing habitat where restoration is most likely to be
effective, and areas of degradation or loss. Similarly, restoration practices in one region
may be further developed than practices for another region due to differences in ocean
conditions, species composition, or accessibility. For example, a statewide funding
opportunity to innovate scalable practices may concentrate requests for proposals in
regions with less established practices and therefore higher funding needs.
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4. Restoration Goal Setting
and Project Planning

Motivators for restoration serve as the foundation for project
goals. Project goals constitute the broad, overarching vision for
why restoration is proposed and may encompass multiple objec-
tives. In the context of mitigation, goals may be pre-defined
according to regulatory requirements. For voluntary restoration,
project goals are based on the reasons why restoration interven-
tion is determined to be necessary, advantageous, or valued.

4.1 Developing Project-Specific Goals

Restoration goals form the foundation for all project decisions,
from site and intervention selection to monitoring and evaluating
success. As such, goal setting should be a deliberate and holistic
process that happens at the beginning of a restoration project.
Project goals reflect the primary motivators for restoration, such
as replacing lost or degraded marine and coastal resources,
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IPBES Nature’s Contributions to
People Framework

One example of balancing differ-
ent possible project goals is the
Intergovernmental Science-Policy
Platform on Biodiversity and Eco-
system Services’ (IPBES) approach
towards “assessing nature’s contri-
butions to people (NCP)” [32]. This
framework considers the material
benefits (e.g., food), the non-ma-
terial contributions (e.g., cultural
identity), and the regulating ser-
vices (e.g., water purification and
carbon sequestration) that nature
provides. Embedding the NCP
approach in goal-setting can help
to ensure that a diverse set of ben-
efits is recognized and included in
a way that is equitable, trackable,
and transparent. This is especially
important when balancing eco-
logical, economic, and cultural
outcomes that may be difficult to
weigh directly against one another.

reestablishing ecosystem services,
advancing community priorities, pro-
gressing toward statewide restoration
targets, and more. Project goals are often
inclusive of multiple types of motivators
and considerations, which may require
different approaches, and therefore need
to be developed in an inclusive man-
ner. It is advisable for practitioners to
consult with the relevant state agencies
(e.g., California Department of Fish and
Wildlife, State Coastal Conservancy, and
the California Coastal Commission) early
in the planning process when goals are
being scoped.

While statewide goals may motivate
restoration as they are usually tied to
available resources and permitting,
they are often not the only goal that
practitioners must consider. Due to the
complexity of competing and varied
interests that arise, a structured deci-
sion-making approach can guide the
process of goal development, project
design, and implementation [33-35].
Structured decision-making is an iter-
ative approach to analyzing decisions
by defining the scope of decision-mak-

ing, identifying possible goals, comparing restoration actions, and evaluating how

those actions may achieve the identified goals. In practice, the goal-setting stage of a
structured decision-making approach is an invaluable time to engage with connected
communities, stakeholders, tribes, agencies, and a scientific advisory committee to gain
their input and perspectives to ensure goals are inclusive and reflective of a diversity of
perspectives. Structured decision-making is particularly useful when navigating complex,
values-driven decisions because it invokes transparency and structure.
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4.2 ldentifying Restoration Goals

The following section captures some values that practitioners and managers may con-
sider in identifying project-specific goals and statewide motivators for restoration. The
goal categories described in this section are summarized in Table 2.

Table 2. Example goal categories that may motivate and guide restoration goals and
actions, along with questions to help guide goal development.

Goal Category | Question(s) to inform goals

Ecological Ecosystem health and function: What ecosystem functions
are enhanced by this restoration? How are functions linked to
condition and health?

Biodiversity: How does this site improve native habitat quality
and the associated biodiversity?

Climate and coastal resilience: How does the project bolster
coastal resiliency and adaptive capacity to climate change?
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Goal Category

Question(s) to inform goals

Financial

Social

Economic benefits: What are the additional benefits to the
economy (e.g., jobs, tourism)? How will the enhanced ecosystem
functions reduce the financial burden of associated risks to
communities?

Equity: How does the project advance equity and environmental
justice?

Are the derived benefits from the restoration equitably
distributed? What types of knowledge and perspectives are
incorporated into planning and decision-making?

Tribal collaboration: How have Native American tribes been
involved in scoping the restoration project? How can the project
support tribal stewardship and/or co-management?

Access, recreation, and culture: Does the project improve
coastal access and recreational and cultural opportunities for
communities? Does the project restore people’s connection to
nature?

Community: Is the community generally supportive of taking
proposed restoration action? Does the project support
community resilience to

climate change?

Education: How can the restoration provide educational benefits
either during or after it occurs?
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4.2.1 ECOLOGICAL GOALS

Ecosystem Function

Ecological functions encompass the
totality of the biophysical processes that
mobilize, transform, and redistribute
energy and matter within and among
ecosystems. These functions are crucial
for maintaining a healthy, thriving ocean
and include provision of nursery habitats,
nutrient cycling, water filtration, shoreline
stabilization, and numerous other vital
processes. When setting goals, practi-
tioners may identify which functions are
most degraded or at risk of being lost
when deciding what to address. Practi-
tioners should create a guiding image of a
dynamic, healthy, and self-sustaining eco-
system that serves as a target to motivate

the restoration effort and adaptive man-
agement strategies [36]. Under climate
change, it is often appropriate to gauge restoration success in comparison to reference
sites that contextualize what is achievable for a given system under current conditions
[37]. The Sonoma-Mendocino Bull Kelp Recovery Plan, for example, relies heavily on
Marine Protected Areas as reference sites for nearby restoration activities to provide
insights into the environmental factors influencing kelp recovery [38].

While restoration determines success in comparison to historical baselines, climate
change calls practitioners to consider shifting their approach to include not only what was
historically possible, but also what will be both realistic and necessary in the future. This
shift may focus on ecosystem function and resilience rather than historically representative
assemblages [5]. Using a climate informed approach identifies future system functions
that may be ecologically meaningful and achievable, even if those functions differ from
historical or current baselines [5]. The RAD framework provides guidance for determining
whether goals that attempt to resist, adapt, or direct change are most appropriate.
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Conservation of Refugia

Refugia are areas of buffered environmental conditions or slower environmental change
that enable the persistence of populations and communities under climate change [39].
In conservation science, many have suggested prioritizing protection of refugia as loca-
tions that are more likely to persist under future climate conditions [40]. In the event
that short-lived stressors degrade a system, refugia in which ecosystem functions have
been restored may be better suited to survive, and therefore can help facilitate recovery
of that system even outside the restored area following the end of degrading events.

A goal of perpetuating climate refugia can be particularly relevant when future climate
impacts are anticipated to be high enough to undermine system persistence in many
locations [41].

Ecological Rarity

Ecological and cultural rarity can be a decisive factor when selecting or prioritizing
restoration sites in coastal California, where certain locations possess values that far
exceed their spatial footprint. Sites that sustain uncommon species assemblages, rare
geomorphic features, or singular oceanographic conditions (e.g. the biogeographic
boundary at Point Conception) may exert disproportionate influence on regional bio-
diversity and ecosystem functioning. Likewise, places that hold deep cultural, spiritual,
or historical importance for Indigenous nations and local communities may warrant
elevated consideration. For example, the hill of Sat'wiwa in Ventura County, central

to sunrise ceremony for the Chumash people, embodies a lineage of cultural identity,
stewardship, and enduring place-based relationships that cannot be replicated else-
where. Prioritizing restoration at such ecologically or culturally rare sites acknowledges
that their loss would entail not only the disappearance of unique ecological functions
but also the erosion of irreplaceable cultural heritage. Consequently, these locations
may merit restoration investment even when adjacent sites may appear more tractable,
because their singular significance confers benefits—biophysical, social, and cultural—

that resonate far beyond their immediate boundaries.

4.2.2 SOCIAL GOALS

Site-specific project success relies upon on-the-ground practitioners who manage res-
toration work and support from the community that experiences the benefits produced
through restoration practice and success. Therefore, local involvement in planning can
promote connection to and support for restoration projects [42]. Project goals should
incorporate the values, priorities, and lived experiences of tribes and other coastal com-
munities. Community involvement can shape project design through integration of local

Restoration Goal Setting And Project Planning | 42



and traditional knowledge of the site
to enhance project outcomes [43]
while building community capacity
and local knowledge through partici-
pation in the process.

Equity and Access

Practitioners may choose to set
equity goals that seek to address past
and present environmental injustices.
In California, frontline communities,
particularly low-income populations
and communities of color, are often
disproportionately affected by cli-
mate-related impacts [44]. These
communities have faced and con-
tinue to face barriers to participation
in decision-making processes, which
have contributed to inequities in how
and where resources are allocated.
Equity-focused restoration goals
may aim to ensure that restoration
initiatives address past, current, and
emerging environmental harms by
ensuring that the ecological, eco-
nomic, and social benefits produced
through restoration are distributed
more equitably [45]. This involves
being responsive to the needs,
priorities, and inputs of local and
connected communities.

Practitioners may also choose to

set restoration goals that enhance
equitable access to restored ecosys-
tems. Access to nature is critical to
human health and well-being [46,47]

Restoration in Action: Restoring Malibu
Creek to Benefit Biodiversity and
Human Communities

The Malibu Creek Ecosystem Res-
toration Project (MCERP) is a
State-supported initiative that will
remove Rindge Dam from Malibu Creek.
Rindge Dam was built in the 1920s on
the ancestral lands of the Chumash

and Tongva people to generate private
water supply to the Rindge Ranch. The
dam is no longer operational, and has
been trapping sediment and altering
natural hydrology since its construction,
effectively severing upstream passage
for fish and wildlife. Restoration of Mal-
ibu Creek by the California Department
of Parks and Recreation (State Parks)
will include removal of the dam, remov-
ing and/or remediating eight smaller
upstream fish passage barriers, and
removing 780,000 cubic yards of sedi-
ment behind the dam. These restoration
actions will open 15 miles of stream
habitat that have been inaccessible

for migrating fish and aquatic species
for nearly 100 years. Throughout proj-
ect scoping, State Parks engaged with
community members to understand the
cultural value that a restored Malibu
Creek could bring. This project rep-
resents a small step to restore cultural
lifeways for tribal nations, and offers
expanded recreational benefits through
the restored watershed [52].
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but access remains inequitably distributed across California due to systemic injustices
[48]. Restoration of degraded habitats has the potential to improve equitable access,
particularly for marginalized communities that have been separated from the coast due
to discriminatory practices such as redlining [49]. Restoration can also improve recre-
ational opportunities for local communities (e.g., helping to ensure that water is safe for
swimming and seafood is safe to eat) [50]. Inclusion of tribes and local communities in
restoration and monitoring work can provide valuable training and workforce develop-
ment opportunities [51].

Tribally-Led Restoration

In California, a history of state-sanctioned genocide and the forceful separation of tribes
from their ancestral lands and stewardship practices has harmed both people and nature.
Despite the systematic exclusion of tribes from their roles and responsibilities as stew-
ards, tribes have persisted and continue to practice their traditional lifeways— including
traditional stewardship practices such as
cultural burning — to support both ecosys-
tem health and community well-being. This
includes the restoration of degraded eco-
systems in traditional tribal territories.

Restoration can advance self-determina-
tion by centering tribal leadership and
governance and addressing historic and
ongoing barriers to land access and stew-
ardship [53]. This includes tribes acquiring
land or management authority within
their traditional territories, such as the
Blue Lake Rancheria which was recently
awarded $11.4 million to buy and restore
lowlying lands for wetland restoration
[54]. It also includes state-funded and
tribally-led restoration projects, such as
the Tolowa Dee-ni’ Nation's Ghvtlh-k'vsh
shu’-srnelh-'i project to train tribal natural
resources staff in kelp monitoring skills and
to host Indigenous youth kelp restoration

workshops [55].
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Restoration can also strengthen place-based identities, revitalize cultural practices, and
support transmission of Indigenous and local ecological knowledge [56]. This includes
restoring culturally-significant species, access to traditional harvesting areas, and the
conditions necessary for cultural ceremonies and stewardship practices such as fire,
shellfish tending, or wetland management [57]. Such goals link ecological renewal with
the continuity of cultural lifeways and can enhance intergenerational learning and gov-
ernance capacity. The State and external partners should work to support tribally-led
restoration wherever possible. Where tribally-led work is not possible, for example due
to limited tribal capacity, restoration practitioners should ensure that tribes are included
as meaningful partners in restoration work.

Ecosystem Services

As previously described, ecosystem functions are the cumulative processes and flows of
energy and matter that support an ecosystem. Ecosystem functions often translate into
‘ecosystem services’, or the benefits that are conferred to human communities [58]. Eco-
system services can be broadly categorized into four groups; provisioning services (food,
freshwater, soil, wood, fiber, pharmaceutical compounds, genetic resources, etc.), regula-
tion services (climate regulation, erosion control, flood regulation, air/water purification,
pollination, etc.), cultural services (spiritual, recreation, ecotourism, aesthetic, inspirational,
educational, cultural heritage, etc.), and supporting services (soil formation, nutrient
cycling, primary production, habitat formation, detritus decomposition, etc.) [58,59]. Due
to this direct relationship to the communities connected and impacted by habitats and
their health, practitioners often center benefits to people in project goals [60]. Goals
focused on restoring ecosystem services recognize the role that functioning ecosystems
play in supporting healthy coastal communities and economic prosperity. They provide
direct links between ecological recovery and human well-being. To understand what eco-
system services are important to human communities, this report recommends taking a
structured decision-making approach to goal-setting as described in Section 4.1.

Community Health and Well-Being

Beyond physical access, restoration can directly support psychosocial and physiological
health outcomes. Exposure to biodiverse, aesthetically intact environments is associ-
ated with improved cognitive function, lower stress biomarkers, and reduced incidence
of chronic disease [61,62]. Restoration may also enhance food security (e.g., safe har-
vestable resources), provide heat mitigation benefits in coastal urban areas, and reduce
exposure to pollutants. Explicitly framing health as a restoration goal broadens the
rationale for public investment and fosters cross-sector partnerships [63].
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Social Cohesion and Participatory Governance

Restoration efforts often create new opportunities for collaboration, conflict resolu-
tion, and shared decision-making across stakeholders. Building social capital including
trust, reciprocity, and network connectivity enhances the restoration and a community’s
adaptive capacity to future disturbances [64]. Participatory governance goals may seek
to institutionalize inclusive processes, increase transparency, and cultivate stewardship
groups that persist well beyond project completion.

4.2.3 FINANCIAL GOALS

Economic benefits

Economic considerations are
integral to restoration planning
because restored ecosystem
services generate direct and
indirect economic value [51].
Restoration can increase fishery
output (e.g., kelp restoration
can increase harvestable red
urchin biomass, which yields

an expected increase in fish-
ing revenue in the red urchin
fishery) and have spillover eco-
nomic benefits to local coastal
economies [65]. Restoration
investments also support a local
restoration economy including
jobs in planning, permitting,

construction, implementation,

~ A AR
- &}’\i‘f\
NN P4

and monitoring [66]. Financial
considerations provide poli-
cymakers and coastal users with a tangible understanding of how time and resources
spent on restoration can materially improve human lives. By explicitly integrating eco-
nomic analyses into restoration planning, decision makers can better understand how,
when, and where restoration projects should be prioritized so that they offer the great-

est return across ecological, social, and financial dimensions.
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Restoration in Action: Elkhorn Slough Eelgrass Restoration

In Elkhorn Slough, an estuary located
within the Monterey Bay, eelgrass
extent plummeted from ~26 hectares
in the 1930s to its lowest extent of 3
hectares in 1980 due to hydrological
alterations, impaired water quality, and
trophic downgrading. Coincident with
the recolonization of sea otters into the
system, eelgrass began to recover from
1980-2010. From 2010-2015, eelgrass
area plateaued ~15 hectares short of
its historical extent. As described in the
Restoration in Action box in Section 3.5
above, in 2015 and 2016, two small-
scale experimental restoration projects
were conducted to hasten the recovery
toward 1930 levels. Given the profound
hydrological alterations to the system
that began in the 1930s, the goal was
to restore eelgrass extent, not distri-
bution, as eelgrass today was likely to
occur in different areas. Suitable habitat
for the restoration was based on exist-
ing natural eelgrass distribution within
the estuary (- 2 to 0 m MLLW) in 2014,
a desired minimal distance from natural
meadows (e.g., >25 m), and adequate
water clarity [31].

Harvested eelgrass was transplanted
using the garden staple method, a
method proven successful in high-
flow environments [67]. In addition to

facilitating further recovery of histori-
cal eelgrass extent, a second desired
outcome was to track whether restored
eelgrass was functionally equivalent
to adjacent natural meadows within
3-yrs post-transplanting. To track
progress towards success, a suite of
structural (restored plot area, shoot
density, canopy height, above- and
below-ground biomass, internodal
distances, blade width) and functional
metrics (dissolved oxygen, tempera-
ture, pH, fish and invertebrate species
density and abundance, community
composition, TOM) were assessed. By
2018, the total area restored expanded
from 29 to 2,513 m2 (an increase of
~8,500%), the biological community
quickly resembled that of the natural
meadows, and certain biogeochemical
functions (e.g., modulation of water
quality) were comparable between
restored and natural meadows, while
others (e.g., carbon storage) were slow
to reach the natural meadow target
[31]. More recently, restored eelgrass
plots expanded and coalesced, form-
ing extensive meadows utilized by
large rafts of sea otters in areas where
eelgrass had not previously existed,
increasing not only eelgrass extent in
the system, but its known historical
distribution.
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4.3 Assessing Site Suitability

4.3.1 IDENTIFYING WHERE A SYSTEM MAY BE VIABLE

The first step in achieving restoration goals is to select a site with the highest prob-
ability of meeting project objectives. Determining an appropriate restoration site is
often more important to the success of a restoration project than how the restoration
is undertaken [68,69]. Therefore, the first consideration for determining where resto-
ration is appropriate within a region is understanding where an ecosystem can persist
and function. To do so, decision-makers should create spatially-explicit suitability
maps. Suitability maps that are informed by traditional ecological knowledge, long-
term monitoring, reference sites, and modeling can help managers weigh and identify
the predicated viability of potential restoration sites [70]. Ecosystem monitoring data,
discussed further in Section 6, is therefore critical for understanding a site’s functional

capacity, long-term spatiotemporal dynamics, and responses to stressors over time.

One consideration for determining which sites may be suitable for restoration is the
historical and current extent of the focal system [71]. Historical records, including tradi-
tional knowledge (where tribes deem it appropriate to share such knowledge), enable
practitioners to understand where ecosystems and species were able to persist without
pressure from current stressors [72]. A system’s current extent allows researchers to
understand what sites support ecosystems under existing exposure to stressors. These
sites may be undistributed systems or already recovered restoration sites that may act as
a reference site for practitioners [73]. Reference sites can provide managers with stan-
dards for present and anticipated responses to environmental conditions, templates for
designing the restoration, and a framework to understand the recovery of functions over

time following the restoration [74].

In the absence of historical extent data or when anticipating a change in suitable hab-
itat under climate change, decision makers can use topographic, geomorphological,
hydrological, oceanographic, and species distribution modeling [70,75-78]. These
models aim to characterize the physical, biological, and chemical conditions that shape
where a system is most likely to survive. Modeling can be done by combining several
factors, including known system locations and environmental conditions associated with
both the presence and absence of the system, to determine which site hosts the most

favorable conditions [79]. Climate change is projected to change the conditions of our
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coasts and oceans, so incorporating climate change projections into modeling allows
practitioners to evaluate not only where the best areas for restoration are currently,

but also which areas may be suitable for restoration moving forward [75]. Modeling in
conjunction with long-term monitoring data lays the groundwork for identifying where
projects are most likely to succeed. For some restoration projects, particularly those
involving reintroduction of foundation species, the use of more dynamic tools that
mechanistically forecast population dynamics under future climate scenarios can project
persistence as well as presence [80].

Restoration projects don’t occur in a silo; they're components of larger, more complex
systems. Restoration actions unfold within the broader social-ecological systems in
which they are embedded. A single project interacts with upstream and downstream
processes, cross-boundary material and energy flows, and governance structures that
influence outcomes well beyond the project footprint. Connectivity and network effects
therefore encompass far more than the movement or occupancy of particular focal
organisms: they include hydrologic linkages, sediment transport pathways, biogeo-
chemical exchanges, cultural and economic relationships, and management networks
that shape cumulative system behavior and ultimately restoration success [81]. When
restorations are planned with this systems-level context in mind, they can reinforce
functional linkages, bolster resilience across interconnected habitats, and enhance the
capacity of coupled human-natural systems to absorb disturbance and adapt to climatic
shifts [82]. Exploring a potential site’s suitability as one node in a larger network can
help to encourage design choices that complement adjacent landscapes and seascapes,
amplify regional benefits, and leverage existing system dynamics rather than relying
solely on site-specific interventions.

4.3.2 ADDRESSING STRESSORS

Once habitat suitability for a region has been established, potential projects can eval-
uate sites based on the local (e.g. point source pollution, sedimentation, etc.) and
regional (e.g. marine heat waves, sea level rise, etc) stressors that may impact a project’s
long-term success [83]. Project teams will want to determine whether the stressor(s)

that degraded the system have been adequately addressed or if they can be managed
as part of a restoration project. If mitigation of local stressors is not a part of the resto-
ration activities (e.g., if sedimentation is the primary cause of decline, but restoration
occurs without any change to sediment deposition), the act of habitat restoration alone
will not address the root causes of degradation and will likely limit a project’s poten-
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tial to achieve its desired outcomes [84]. Therefore, sites with greater opportunities for
stress amelioration could be higher priority [85]. However, local management cannot
dampen global stressors such as climate change, such that if global climate change is
the root cause of degradation (e.g., marine heat waves in kelp forests), then this might
shift project goals and approaches towards bolstering the capacity for the system, or
target functions, to persist under climate change as described in Section 5.3.

4.3.3 CONSIDERING HABITAT CONVERSION

When stressors can’t be mitigated at a specific location, one value judgment that may
come up, particularly under a changing climate that shifts ecosystem suitability, is hab-
itat conversion. In some cases, such as off-site and out-of-kind mitigation, one habitat
type may be transformed into another (e.g., converting sandy bottom into subtidal
rocky bottom where one did not previously exist). The decision of whether the habitat
lost is worth the potential for a restored system can be less straightforward. Factors that
can help inform value judgments on whether or not to convert a habitat include system
productivity, regional rarity, and local interests. The RAD framework discussed in Section
2.2 provides a helpful blueprint for considering habitat conversion. Clearly communicat-
ing and weighing the tradeoffs between restoration and no-action alternatives during
structured decision-making processes as described in Section 4.1 can help yield com-

munity-aligned and science-informed decisions.

Connecting Restoration Gains to Ecological Loss

Most mitigation is “in-kind” mitiga-
tion, meaning that lost resources are
replaced with similar resources. An
example of this is a kelp forest being
restored as mitigation for impacts to a
kelp forest. However, some mitigation
projects are “out-of-kind” mitiga-
tion, meaning that the replacement
resources are different from the lost
resources, such as coastal wetlands

being restored as mitigation for the

impacts of once-through cooling sys-
tems on fish larva (e.g., the San Onofre
Nuclear Generating Station Mitiga-
tion Program). In-kind mitigation is
preferred over out-of-kind mitigation,
but there are situations where in-kind
mitigation is not possible or feasible.
Determining the appropriate type and
amount of out-of-kind mitigation is
difficult because of the dissimilarity of

the lost and created resources. While
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in-kind mitigation might determine the
amount of mitigation that is required
for full compensation based on acreage
or a habitat-specific functional assess-
ment, this approach is not appropriate
for out-of-kind mitigation. Instead,

some sort of common currency could

resources to attain full compensation.
Current research underway in California
aims to develop a framework for mak-
ing these challenging out-of-kind and
off-site mitigation decisions, which can
be further explored at https://coastal-

mitigation.org/.

be applied to the lost and gained

4.4 Further Considerations for Selecting
Restoration Sites

Potential restoration sites are first narrowed down by their ability to advance project
goals (as described in Sections 4.1 and 4.2), their ecological suitability identified by
historical occurrence or anticipated habitat suitability (as described in Section 4.3),
and their potential for natural recovery (as described in Section 2) [70]. Beyond this,
site-specific selection from within viable restoration areas can take into consideration

additional factors to help prioritize restoration sites.

4.4.1 RISK APPETITE

Project teams may want to consider the irreducible risk of a project, or the susceptibility
of systems to the effects of climate change and the disturbance regimes they face, when
comparing potential restoration sites [82,86]. Highly sensitive systems (i.e., systems that
have low tolerance to stress) may be a riskier investment because they may be more
susceptible to collapse as climate change intensifies. This is especially true for areas
subject to frequent and/or severe disturbance, where even the least sensitive systems
will struggle to persist. However, under low disturbance regimes, less sensitive systems
may be able to recover without intervention, so practitioners and decision-makers may
consider prioritizing riskier projects [86]. There may also be strategic value in prioritizing
riskier systems that hold high ecological or cultural significance. The acceptable amount
of risk will depend on community values and interests, emphasizing the need for struc-
tured decision-making processes described earlier in this section. Risk tolerance and the
need to explore innovative approaches to restoration are discussed in further detail in
Section 5.3.
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Risk considerations may also play into site selection when practitioners anticipate trialing
innovative restoration techniques in the restoration. A practitioner piloting a restoration
technique like assisted gene flow to introduce more stress tolerant individuals may
decide that it would be less risky to do so in an isolated site without other habitat nearby
where associated risks (e.g., disrupted fitness from outbreeding depression or domes-
tication selection as described in Section 5.3) could transfer. Then, if such an approach
moves beyond the pilot stage to the implementation stage with risk mitigation practices
in place, placement in a more connected site could enable the spread of climate tolerant
traits [87]. Alternatively, a practitioner whose restoration intervention is stressor man-
agement may choose to restore next to an occupied habitat which can act as a source
population for species to minimize the need for additional assisted recovery [88,89].
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4.4.2 COST EFFECTIVENESS

The cost of restoration projects can be highly variable, so policymakers and practi-
tioners may consider the estimated cost per acre of restoration that a proposed site
would require, as compared to the cost of no action, recognizing that costs can vary
substantially with project scale, particularly between pilot projects and large-scale
implementation [68]. Every dollar spent on one project represents an opportunity loss
elsewhere, emphasizing the need for strategic prioritization of resources. Considering
the restoration scale a site would require to manage stressors, restore functioning, and
bring back equivalent habitat acres is important for maximizing limited resources. How-
ever, this cost should be contextualized to the site. Restoration in a more degraded or
physically demanding/logistically challenging area may have higher associated costs but
could still deliver outsized ecological, social, or resilience returns. Balancing short-term
goals with long-term benefits is valuable to the sustainability of achieving California’s
statewide targets.

4.5 Designing Objectives and Metrics to Track Progress
Towards Success

To effectively evaluate restoration interventions, the broad goals defined in Section 4.2
must be translated into specific, measurable, and time-bound objectives prior to proj-
ect deployment. Objectives outline the intended outcomes and define the approach
for accomplishing a project’s goals [90]. To bridge goals, objectives, and the evalua-
tion of success, metrics are developed that can assess the performance of a restoration
relative to expectations [91]. Metrics must be quantifiable and appropriately reflective
of the goal to which they track [36]. In mitigation contexts, metrics may be prescribed
by a permit. For voluntary restoration, metrics can be more flexible to reflect desired
outcomes. Regardless of the context, selecting metrics that accurately track progress
toward meeting objectives is critical to guiding restoration practices.

Metrics describe what a successful project looks like. While definitions of success may
vary among different participants and may require an agreement on what a successful
restoration entails beforehand [92], success for most restoration projects is based on
whether or not the restoration site behaves like a reference site and achieves the iden-
tified project goals. Reference sites should support systems that are comparable to the
restoration in relation to ecosystem assemblage, structure, and exposure to regional
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stressors. Metrics tracked at both the restoration site and reference site can then be
compared to indicate whether a restoration is progressing toward project objectives.
Setting expectations for metric progress based on a reference site can set a realistic
expectation for how systems similar to the restoration site fare under regional stressors
and broader climate change impacts.

California’s Marine Protected Area Network could serve as important reference sites for
restoration activities and would support understanding the effects of human activities
on the structure and function of ecological communities [93-96]. Their associated base-
line monitoring (2007-2018) and long-term monitoring data provide a robust data set
that can track conditions and trends of marine populations, habitats, and ecosystems

in order to understand how they change over time, which could be useful to inform

the design and evaluation of restoration projects. The Decadal Management Review
(Recommendation 18) highlighted the need to develop a framework to evaluate and
approve appropriate restoration and mitigation actions in Marine Protected Areas and
Marine Management Areas [97].

Effective metrics must also align with expectations at the different stages of a project:
before restoration (i.e., the system’s baseline), during the project, and after interven-
tions have been deployed [98]. Ideally, the metrics chosen will be able to indicate
whether a project is progressing as expected according to the estimated recovery
trajectory, and ultimately, whether the goal has been achieved. Specifically, sequen-
tial, multi-stage monitoring metrics enable evaluation of whether progress is matching
expectations at each phase of a project [36]. For example, having near-term metrics
(e.g., reduced number of grazers; community involvement in restoration intervention),
intermediate-term metrics (e.g., kelp self-recruitment; increased local access), and
longer-term metrics of success (e.g., recovery of kelp-associated species or ecosystem
function; Improved local connection and stewardship of the site) allow for accurate
progress tracking.

Effective metrics will have the capacity to support adaptive management. Adaptive
management is the iterative process of implementing decisions, monitoring outcomes
relative to expectations, and adapting future actions based on lessons learned from
monitoring [99,100]. As discussed in Section 6.2, the ability to adaptively manage a
project is crucial for improved restoration practices through time. As such, metrics
should be designed with flexibility to accommodate changes as new information is col-
lected or new opportunities become available (e.g., additional funding, new permitting

Restoration Goal Setting And Project Planning | 54



pathways or policies). In some cases, this change may need to happen quickly. Antici-
pating this possibility early in the planning process allows the practitioner to be more
responsive during the restoration than they could otherwise be.

For voluntary restoration where one of the goals is studying the impact of the project
and/or effectiveness of interventions, practitioners may choose additional metrics to
evaluate whether the intervention itself affected the restored site. This may include
before-and-after site conditions, detached from a reference site, that allow practitioners
to understand the impact the restoration had on various aspects of ecosystem function

and value of the site to human communities.
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5. Restoration Techniques

5.1 Selecting Restoration Interventions

As project goals are being defined and a site is being chosen, the
next planning consideration involves selecting the most appro-
priate intervention method. Method selection will depend on

the degree of intervention needed to enable natural recovery on
management-relevant time scales. Well-designed projects located
at an optimal site allow some ecosystems to recover gradually
with management, where each incremental increase in effort and
resources contributes to an incremental increase in system health
and associated ecosystem functions. In contrast, other systems
may respond non-linearly to restoration, requiring a certain thresh-
old of effort before meaningful benefits are realized [8]. In a subset
of these nonlinear cases, some systems might exhibit multiple
stable states under the same environmental conditions, such that
the threshold for ecosystem recovery differs from the threshold for
the original decline [8]. Deciding the degree of restoration inter-
vention (i.e. the restoration method(s) to use and how far to go
with each of them) is therefore a function of the required input to
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achieve the desired output. In some cases, managing stressors then allowing the system
to recover naturally will be sufficient [101]. For other systems that have alternative sta-
ble states, deploying assisted recovery methods such as reintroduction of foundational
species may be required after stressors are managed [102] .

As with project goals (Sections 4.1 and 4.2), the choice of restoration method(s) also
depends on ecological, financial, logistical, permitting and social considerations. This is
especially true for projects directing change under the RAD framework where the stakes
of the intervention method may be seen as higher than resisting or accepting change
[9]. Identifying potential unintended consequences to the extent possible can help
human communities consider which restoration interventions are most aligned with their
values [103]. This exemplifies the need for structured decision-making in selection of
restoration interventions, as described with regard to restoration project goal-setting in
Section 4.1 [104].

When there is ambiguity about which restoration methods will be most effective or fea-
sible (socially, ecologically, etc.) for a given restoration project, practitioners may decide
to conduct a shorter-term pilot study that tests the efficacy of multiple restoration
methods, or engage in active adaptive management from the outset of the project [9].
Adaptive management is described in further detail in Section 6.2 of this document in
the discussion of monitoring, but active adaptive management is raised here as a part
of method selection because it can entail a choice of trialing multiple interventions.
Specifically, active adaptive management applies the principles of multifactorial exper-
imental design to restoration, allowing trial of multiple methods at once to determine
which is best suited to project goals, site, and resources. This is in contrast to passive
adaptive management where practitioners can sequentially trial restoration methods,
then revisit approaches after comparing outcomes to expectations [105].

5.2 Summary of Restoration Techniques

This section and the accompanying appendix provide a starting point for those inter-
ested in understanding system status, stressors, and restoration techniques for seven
coastal and marine habitats in California: tidal wetlands, oyster beds, sandy beaches and
dunes, rocky intertidal, seagrasses, kelp forests, and mid-depth subtidal rocky bottom.
The seven systems presented in this document were selected for inclusion because they

are already focal systems for restoration, are broadly recognized as having high cultural
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Figure 3. The seven coastal and marine habitats presented in Table 3 and the

Appendix. lllustration by Dr. Kathryn Beheshti.

or ecosystem value, have experienced notable loss in recent decades, and/or are can-
didates for restoration intervention. Several of the systems discussed have substantial
bodies of work conveying lessons learned from decades of restoration practice, while
other systems are comparatively less studied, both in terms of ecosystem function and
restoration practice. Maximizing the ecosystem services that are provided by healthy,
functioning coastal ecosystems requires investments across a diversity of habitat types.
Restoration investments in a thoroughly studied system support projects with a high
likelihood of success, while restoration investments in less studied, but equally valuable,
ecosystems can enable learning to improve practices, especially when implemented with
an adaptive management approach that recognizes uncertainty and plans for learning

as described in Section 6.2. Balancing confidence in outcomes and minimizing reduc-
ible risk while supporting projects which fill knowledge gaps in restoration practices will
help the State continue to build its restoration capacity. To support further exploration of
available resources to guide and inform restoration of these systems, a non-exhaustive
list of system-specific publications is provided at the bottom of each subsection.
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This report divides restoration interventions into two categories in this appendix: (1)
stressor management, or methods to remove or mitigate abiotic and biotic stressors
such as pollution and invasive species, and (2) assisted recovery, or methods to reintro-
duce or promote recovery of key species or processes or physical manipulation of the
subject site. Identifying and mitigating site-specific stressors that cause degradation
and limit or slow natural recovery can either enable natural recovery or improve the suc-
cess of assisted recovery.

Table 3. Overview of habitat types and associated potential assisted recovery
interventions. Source material is referenced for each assisted recovery intervention
in the Appendix.

Potential Assisted Recovery Interventions

Tidal Wetlands | Planting native wetland species can help to stabilize sediment,
improve sediment quality, and support ecosystem services.

Tidal channel creation or enhancement moves water, sediment,
and nutrients throughout the system.

Sediment augmentation raises salt marsh plain elevation to
increase ecological function.
Oyster Beds Rebuilding reef substrate allows for larval settlement and growth.

Seeding involves rearing oysters in hatcheries, seeding shells or
cobbles with juveniles, and placing them at a restoration site.

Translocation of adult oysters from one area to another can
restore oyster beds.

Sandy Beaches Dune revegetation of native plants supports dune height and
and Dunes total sand accretion.

Installing sand fences can help accrete sediment by stabilizing
sand to promote dune formation.

Engineered structures, such as groins, are generally discouraged
but have potential environmental benefits for intensively used
beaches.
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Rocky
Intertidal

Seagrasses

Kelp Forests

Mid-depth
Subtidal Rocky
Bottom

Potential Assisted Recovery Interventions

Outplanting, transplanting, and seeding of focal species, such
as rockweed, surfgrass, abalone, and mussels helps to provide
physical habitat, ecological diversity, and ecosystem function.

Artificial tidepools and reefs allow for habitat to migrate from
rising seas.
Bare-root transplants plant seagrass directly into a substrate.

Sediment-intact transplants transfers shoots with the surrounding
sediment to the restoration site.

Seed-based methods are well suited for large-scale restoration
but are limited in success by seed predation and germination
rates.

Seeding and outplanting may reestablish kelp across large spatial
scales.

Transplanting of adult kelp, while limited in scalability, may help to
create suitable habitat and spore sources.

Grazer mitigation to reduce kelp herbivory and facilitate its
recovery through recovery of urchin predators (e.g. sunflower star)
or human mediated methods (e.g. urchin harvest).

Artificial reef installation facilitates kelp settlement and growth.

Artificial reef installation replicates habitat complexity and

promotes recruitment to the area.

Restoration Techniques | 60



5.3 Emerging Restoration Techniques Under a Rapidly
Changing Climate

As the impacts of global climate change accelerate, many environmental stressors have
the potential to extend beyond the control of local management, making conventional
restoration methodologies and techniques potentially inadequate to restore ecosys-
tems. In response, researchers and practitioners are exploring a range of innovative
techniques to increase system resistance and resilience to climate change. Because
these techniques are relatively new, some come with high uncertainty regarding
effectiveness and potential unintended consequences on natural populations and eco-
systems. The development of these techniques collectively represent a shift towards

a more proactive approach to restoration that anticipates how climate change may
necessitate larger-scale restoration and more climate-resilient systems. Broadly, these
approaches fall under three categories: 1) protecting natural adaptive processes, 2)
decelerating environmental stressors, and 3) enhancing the capacity of systems to adapt
to change [15,106].

Protecting natural adaptive processes constitutes the least risky and most familiar
category of emerging techniques. These strategies are often extensions of existing
intervention methods that are expanded and contextualized under the framing of a
changing climate. Strategies in this category may include efforts such as restoring
connectivity of habitats along environmental gradients to enable range shifts towards
higher latitudes in response to rising temperatures, or removing barriers to migration
inland in response to sea level rise for intertidal systems. Protection of natural adap-
tive processes may also include the restoration of locations or processes that serve as
climate refugia to enable natural buffering of populations and communities against
climate impacts [39,41]. Strategies under this approach also include engineering
advancement such as creating scalable restoration technologies that match the spatial
and temporal reach of climate-driven impacts. For cases where in-situ protection isn't
currently feasible, or to anticipate future restoration needs, tools for biobanking, such as
cryopreservation, which allows for the long-term storage of species and genetic variabil-

ity for future restoration use, may be considered.
A second subset of interventions to address changing conditions focuses on the decel-

eration of environmental stressors. While stressor management is already a component

of restoration, future efforts may require greater intensity, broader scale, or more
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technologically advanced methods to respond to projected climate futures. Substan-
tially reducing stressors can allow for in-situ survival, acclimatization, and adaptation to
occur. Deceleration of stressors can take many forms, from more traditional and well-es-
tablished interventions such as water quality improvements, to larger-scale or untested
interventions such as nutritional supplementation, new engineered structures for artifi-

cial habitat modification, or marine cloud seeding [107].

Beyond protecting naturally occurring processes, a third subset of interventions that
practitioners may consider is how to selectively accelerate climate resistance and
resilience within an ecosystem. This can be done in a number of ways. Practitioners
might accelerate the capacity for populations to genetically adapt to change by intro-
ducing species genotypes expected to be more resistant to climate-driven impacts
[108]. This can occur through approaches such as assisted gene flow (the movement of
stress-tolerant traits within a species’ range, such as from populations locally adapted
to high-stress locations), assisted evolution (artificial selection for stress-tolerant traits in

conservation aquaculture), assisted hybridization (hybridizing two closely-related species
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or subspecies to enhance their adaptive capacity), or genetic engineering [15]. Target-
ing genetic diversity as a source of adaptive capacity can also constitute assisted gene
flow if some of that diversity is nonlocal [109]. Resistance and resilience can also be
bolstered through stress hardening, the physiological enhancement of stress tolerance
by pre-exposure to said stress [110], and through microbiome manipulation to enhance
tolerance to stress [111]. This subset of interventions also includes assisted migration, or
the moving of species beyond their historic ranges to promote range shifts in response
to climate change [112]. While many marine organisms with planktonic dispersal may
not experience barriers to dispersal and therefore may not rely on assisted migration for
range shifts, restoration that considers community composition more relevant to future
than past climate conditions is essentially engaging in assisted migration. For example,
frameworks and comprehensive considerations of these types of interventions in coral
reef systems, see publications describing efforts in Australia [113] and the U.S. [87,114].

Collectively, these examples of emerging techniques represent an acknowledgment of
a changing climate and the limitations that practitioners currently have to address that
change. Placing these techniques in the context of the RAD framework described in
Section 2.2, techniques to accelerate climate response exemplify “directing” response
to climate change to a potentially new genetic, physiological, microbial, or community
composition that might be better able to persist under future climate change, while
techniques that protect natural adaptive processes exemplify “resisting” change by
bolstering the system'’s ability to maintain its current state or return to a historically
representative state or set of processes. In many cases, these techniques are novel,
untested, and potentially risky, such that they raise questions about their potential
efficacy, their risk assessment, the risk mitigation methods available, the risk appetite
of communities where restoration is taking place (see Section 4.3.1), and the regula-
tory barriers for implementation [114]. Furthermore, the novel and untested nature

of many of these techniques, including the knowledge necessary to know if they can
exceed natural response capacity, means that they can risk investment in approaches
that fail to achieve restoration goals. Many of these do not yet have the data available
for implementation; for example, techniques to accelerate genetic adaptation rely on
identification of genotypes associated with stress tolerance and an understanding of
their trade-offs. Investment in research and development of these techniques might be
more appropriate than inclusion in restoration projects at this time. However, they are
included here with the recognition that knowledge can change quickly with research
breakthroughs, and risk appetite can change rapidly with extreme events and associ-
ated system shifts.
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Several tools can address the risk considerations and potential regulatory barriers to
these techniques to enable a proactive, forward-looking approach. To account for the
riskiness of these interventions, projects can set up structures that deliberately iden-

tify potential risks and unknowns. This includes having an independent scientific team
review the risk assessment process for novel interventions [115] and inclusive social
engagement in all stages of intervention deliberation [104]. More generally, an array

of risk assessment tools enables evaluation of the risks of these interventions as com-
pared to no action, which also carries its own risks [33]. In addition, identification of risks
alongside engagement with community members to understand risk appetite enables
monitoring for exceedance of risk tolerance levels to determine if and when a novel
technique might need to be halted as described in Section 6.2 below. To address regu-
latory barriers, a number of approaches can balance the consideration of novel, riskier
techniques with the need for robust regulatory frameworks that protect against poten-
tial ramifications, including a) partnership with practitioners to experiment with new
techniques in designated testing areas (e.g., more isolated locations where risks are less
likely to spread; “regulatory sandboxes”), b) scaling regulatory requirements according
to the risk of a technique (“risk-weighted regulation”), and c) providing flexibility to iter-
atively revise rules after implementation (“discretionary review”) [116].
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6. Monitoring and
Evaluating Restoration
Projects

Monitoring is critical across all phases of restoration, from pre-
through post-intervention, to assess restoration efficacy, enable
learning for improved management through time, and to under-
stand whether project or permit goals have been satisfied.
Monitoring provides necessary data for evaluating outcomes,
reducing risk, and guiding decisions in the face of uncertainty.
The frequency, intensity, and type of metrics measured should tie
directly to project goals and adapt as projects progress [117].

6.1 Pre-Restoration Monitoring to
Establish System Dynamics

Pre-restoration monitoring serves two interrelated roles: 1) assessing
ecosystem status and trends by distinguishing whether an ecosys-
tem’s current state reflects a naturally variable pattern of change or
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is indicative of a directional shift in structure and function, and 2) setting a baseline to tie
restoration metrics to site-specific, measurable reference values, allowing practitioners

to evaluate the system’s current state and strategically deploy a series of restoration
interventions at spatially- and temporally-appropriate scales to maximize restoration
investments [118]. Together, these functions ensure that restoration actions are accurately
informed and contextualized to a site’s condition.

Developing a comprehensive understanding of the site’s conditions prior to interven-
tion includes analyzing historical habitat extent, current level of degradation, stressors
and exposure, and environmental conditions. Long-term monitoring data of sites and
habitats along a gradient of conditions (i.e., sentinel site network) allows practitioners
to contextualize a potential site’s conditions with long-term trends in ecosystem health
[73]. Pre-restoration monitoring also serves to establish the baseline value of ecological
metrics that will be compared against reference site metrics [36]. Assessing metrics prior
to intervention, both at a reference site and at the project site, is essential to under-
standing whether interventions are contributing to progress as intended.

The appropriate duration and frequency of pre-restoration monitoring should be deter-
mined based on the expected variability of the system, sensitivity of the project goals,
permit requirements, chosen metrics for success, and possible trajectories of recovery
[119]. Highly variable systems may require longer monitoring periods or more frequent
sampling events to capture representative periods of a system’s dynamics. Project goals
whose chosen metric reflects a relatively sensitive or minor change in conditions may
also require longer or more intensive monitoring to discern restoration impacts post-in-
tervention. Similarly, project metrics that represent large-scale change or that apply to
ecosystems with slow rates of change may require longer monitoring times to capture
success. Therefore, the system, goals, and metrics will inform how long and method-
ologically how a project should be monitored to determine the success of the restoration
intervention and to proactively address any relapse in positive restoration outcomes.

6.2 Monitoring During Restoration Implementation

During restoration, monitoring allows practitioners to understand if the project is pro-
gressing as intended. Monitoring during active project work is essential for enabling
adaptive management because it can indicate whether changes in restoration meth-
odology or additional interventions are needed to achieve project goals. Adaptive
management is a structured, iterative approach that accounts for uncertainty and
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plans for learning to improve practices through time [99,100]. This approach relies on
monitoring, not only to measure restoration effects, but to determine whether those
impacts align with expectations and desired outcomes. When discrepancies arise
between observed conditions and expected outcomes, identifying reasons for these
discrepancies leads to learning, which then enables corrective action. Adaptive man-
agement is distinct from learning through trial-and-error because it calls for targeted
monitoring compared to anticipated outcomes to enable practitioners to refine inter-
ventions based on near real-time feedback [120,121]. Identifying triggers for adaptive
management ahead of a project can enable an efficient response to unintended resto-
ration consequences. Adaptive management allows for changes to be incorporated and
extra resources to be dedicated before the intervention process is complete and it’s
more difficult, costly, or time-intensive to make those changes.

Project assessment and adaptive management can be informed by sequential, multi-
stage monitoring of metrics that evolve in tandem with the project and its ecosystem.
Pre-monitoring and monitoring early in the intervention phase are typically broader and
more frequent to capture rapid change, while uncertainty and vulnerability of the newly
restructured site is the highest. Short-term indicators, such as the survival rate of re-es-
tablished species, offer near-term feedback. As a system stabilizes and goals are met,
monitoring frequency and intensity can taper and narrow in focus. Monitoring can shift
to medium-term metrics, such as reproductive rates of reintroduced species, and long-
term metrics, such as population growth and recovery of ecosystem-level processes, to
evaluate if project-specific goals are being achieved. Alongside the outcomes them-
selves for foundation species and associated ecosystems, monitoring potential drivers
of outcomes, such as sediment and nutrient levels or invasive species, enables investi-

gation into why an outcome may have occurred [122].

Throughout a restoration project, monitoring must be sensitive to risk. Restoration
activities could inadvertently cause unintended off-site habitat degradation or disrup-
tion to non-target species. A robust restoration monitoring plan includes mechanisms
for detecting negative side effects and responding to them to prevent unintended
harm. This may be particularly true for the emerging techniques described in Section
5.3, which carry risks associated with their novelty and degree of intervention. If impacts
exceed acceptable thresholds, monitoring during this period allows practitioners to
modify or halt restoration activities to prevent further harm.
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6.3 Post-Restoration Monitoring to Assess
Project Success

Post-restoration monitoring can indicate whether a project was successful. A project’s
definition of success may differ depending on whether the restoration was conducted
for regulatory (mitigation) or voluntary purposes. Mitigation monitoring is driven by the
need to ensure that projects satisfy permit requirements. Since permit monitoring often
ends within a 2-to-5-year timeframe, success metrics are typically more rigid. For vol-
untary restoration, success metrics are less rigid and focus on long-term management
and therefore may be able to incorporate adaptive management beyond the restoration
project’s original timeline.

Project goals, ecosystem dynamics, and available resources shape the overall length
and intensity of monitoring. While success from a regulatory standpoint may be
achieved within 5 years of intervention, full ecological recovery may take decades

to achieve. Funding constraints often limit long-term engagement with a restoration
site, but projects should plan to monitor for as long as intervention may be needed to
ensure success, mitigate risks, and maximize learning. Beyond this, localized organi-
zations, programs, and communities may be suited for perpetual stewardship of place
past the timeline of the restoration project.

The sampling effort of long-term monitoring programs may reduce over time so long as
the monitoring is still fulfilling minimum data needs. To reduce sampling effort, practi-
tioners need to define clear goals, select and test representative sites, and check that

a simplified approach can still detect changes in metrics effectively enough to evaluate
success [117]. For project success, monitoring should continue while the information
collected may still lead to a change or improvement in management of the site and
system [123]. Once data collection goes beyond the period where it can be incorpo-
rated into site or system management, information gain must be weighed relative to the
cost of collecting that information. Beyond the goals of an individual project, long-term
monitoring or the incorporation of restoration sites into a sentinel network may provide
valuable data for restoration projects state-wide.
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Mitigation in Action: SONGS Wheeler North Reef

As part of the San Onofre Nuclear
Generating Station (SONGS) Miti-
gation Program, Southern California
Edison and its partners were required
to construct an artificial reef as in-kind
mitigation to compensate for impacts
to the kelp forest immediately off-
shore of the power plant and near the
power plant’s effluent diffuser pipes.
The permit required that the artificial
reef function similarly to natural reefs
and support 28 tons of reef fish and a
minimum of 150 acres of medium-to-
high density adult giant kelp annually.
The artificial reef, known as Wheeler
North Reef, was constructed in multiple
phases: Phase 1 (1999), a small-scale
(25 acre) experimental reef that tested
different reef designs, Phase 2 (2008),
a mitigation reef (150 acre) designed to
fulfill permit requirements, and Phase
3 (2019-2020), a remediation reef
(198 acre) to increase the likelihood
that Wheeler North Reef meet the

fish standing stock and kelp acreage

requirements.

Annual mitigation monitoring of
Wheeler North Reef and two nearby
reference reefs began in 2009 to
assess whether the artificial reef was
performing similarly to reference reefs
and meeting specific design targets.

Wheeler North Reef’s performance is
evaluated based on metrics related
to reef substrate, giant kelp, fish, and
its associated benthic community of
algae and invertebrates. Together,
these performance standards indicate
whether the artificial reef is meeting
its intended goal of replacing the
kelp forest resources damaged or lost
by SONGS operations. Performance
standards are measured both in abso-
lute (evaluated only at Wheeler North
Reef) and relative (in comparison to
two nearby natural reefs) contexts to
determine whether the reef has met its

mitigation requirements.

Since expanding the reef's foot-
print, monitoring results indicate that
Wheeler North Reef is demonstrat-
ing considerable promise in meeting
many of its objectives. Wheeler North
Reef is performing similarly to natural
reference reefs across project met-
rics including reef fish standing stock,
and as of 2024 has earned 6 years of
the required 32 years of mitigation
credit. In accordance with the permit
(CDP 6-81-330A), annual monitoring
efforts were reduced in 2024 [124].
Wheeler North Reef demonstrates
both the challenges and opportunities
associated with using artificial reefs
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to restore ecological loss. Accurately advance since the original estimates
calculating the full extent of ecological  were created for Wheeler North Reef,

losses across the entire structure and including considering cumulative losses
functioning of an ecosystem is still an and accounting for losses to ecosystem
emerging science that continues to services.

6.4 Making Monitoring Data Publicly Accessible
and Usable

The field of restoration faces two persistent data challenges: a) monitoring data is not
often publicly accessible, and b) when data is public, it is often not available in a usable
state. Making monitoring data both publicly-accessible and functionally-usable are essen-
tial for informing regulators, managers, funders, and the public about the impacts of
restoration projects. Applying open science principles, which state that data, analyses,
software, and methodologies that are used to generate results are preserved and shared,
helps to ensure that restoration projects are transparent and reproducible. Accessible
monitoring data across projects and habitat types also allows the State to aggregate and
track progress towards targets, and helps practitioners and scientists identify patterns of
success and failure in restoration strategies.

A central challenge for practitioners is the lack of accessible, standardized, and
well-documented monitoring data for restoration projects. This issue stems from a num-
ber of factors. Currently, there is no interagency regulatory requirement within project
funding or permitting mechanisms to collect and submit monitoring data to a specified
clearinghouse. This is further complicated by the lack of a centralized State repository
to store and manage monitoring data even if reporting requirements were to be cre-
ated. Although some open access repositories exist, practitioners often lack incentives
to share data and metadata. Practitioners often don’t receive institutional support to do
so, lack recognition for data sharing, fear that their work could be plagiarized by others,
and/or have concern that their data will be mischaracterized/misused [125]. Address-
ing these barriers requires coordinated public-private action to standardize data and
metadata collection, establish data-sharing protocols, and create data sites that are
publishable and citable to instill academic value [125].
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One solution is to create (or modernize and institutionalize an existing) centralized, state-
wide database for restoration monitoring data, which holds promise for fulfilling two core
functions. First, a statewide database would standardize data and metadata intake [126].
A centralized database could collect consistent, structured data inputs and formats that
are immediately usable and comparable across projects. Second, a centralized database
could serve as a comprehensive data repository that allows access to both structured,
standardized data, and broader, less formatted datasets to allow for deeper exploration
and analysis of projects. Developing a database of this kind would require creation of a
model for managing data, data structures, metadata, metadata structures, and semantic
descriptions of each part of the database [127]. Project Tracker, part of EcoAtlas, which
was funded by US EPA and the California State Water Resources Control Board, provides a
potential model that could be expanded to create a comprehensive project tracking tool.
The Estuary Marine Protected Area Monitoring Program website (https://empa.sccwrp.

org) also provides a model for a data repository that could be leveraged to create a resto-
ration-focused repository.

A centralized database should be developed and governed by FAIR and CARE data princi-
ples. FAIR principles mean that the data is findable, accessible, interoperable, and reusable
to maximize the transparency and usefulness in future work [126]. CARE principles require
that (1) the inclusion or use of Indigenous data must be for the collective benefit of Indig-
enous Peoples, (2) Indigenous Peoples’ have authority to control and govern Indigenous
data, (3) those working with Indigenous data have a responsibility to share how those data
are used to support Indigenous People’s self determination and benefit, and (4) Indigenous
People’s rights and wellbeing are the primary concern at all stages in data practices [128].
A database should also be designed to maximize compatibility and integration of features
with existing state databases and other regional or national restoration and mitigation data-
bases where possible to enhance data analysis and knowledge sharing.

To maximize the database’s utility, practitioners should follow established best practices
[129]. Projects should begin with data management plans to establish expectations for data
collection, documentation, and preservation. Data management plants should include clear
data sharing and attribution policies that apply once a project is complete. Throughout the
project, all data, including the context, structure, collection methods, processing methods,
software and workflows, should be fully documented for reproducibility and transparency.
Publishing data and products in citable, open-access repositories will help to strengthen the
long-term usability of restoration monitoring data.
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State funders should recognize the importance of, and provide resources to allow for, the
submission of project data and synthesis of results through reports and/or publications.
To ensure that future restoration efforts are as effective as possible, the systematic col-
lection and availability of monitoring data must be a core component of all restoration
and mitigation projects. If a centralized database were to be established, then state-
funded projects should be required to submit their monitoring data so long as it follows
State and Federal law and respects tribal data sovereignty. A requirement to upload data
could also be applied to projects that are privately funded by NGOs, industry, or others,
as a requirement of restoration projects’ permitting processes.

Establishing an open access, centralized data clearinghouse and promoting its use by
practitioners can increase the efficacy of restoration. As California realizes the effects
of climate stressors, having reliable and accessible monitoring data from previous proj-
ects across the State will be key to understanding ecosystem responses and improving
project outcomes. As new techniques emerge, old paradigms are challenged and our
understanding of ecological systems under climate stress evolve. Large-scale longi-
tudinal meta-analyses will be vital in ensuring that the State can effectively restore its
ecosystems. Having a centralized database would allow for an increase in efficiency and
a decrease in costs to scale restoration efforts [130].
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7. Conclusion

This document was written to meet the urgency of this moment.
Climate change is accelerating the pace and scale of ecosystem
loss, requiring the use of more targeted research, open data, and
adaptive frameworks that can evolve alongside our developing
understanding of climate conditions. Capturing the full breadth and
depth of restoration practice, research, and theory in one document
is not feasible. Instead, this document offers a broadly-applicable
set of considerations for accelerating coastal and ocean restoration
in California. This document is intended to support State-level
decision-making on restoration targets and investment priorities,
present a shared understanding of restoration practices that can
build climate resilience, support restoration practitioners with proj-
ect planning, and encourage a coordinated, statewide strategy for
coastal and ocean restoration.

Restoration, both mitigation and voluntary, is increasingly

implemented as a strategy to address ecological degradation.
Coalescing scientific considerations for restoration planning

73



supports continued evolution of best practices for successful restoration, informed by
how a changing climate may reshape the future of the California coast. For long-term
viability of restored systems, restoration must integrate future climate considerations
throughout all phases of the planning process. As climate change and our understand-
ing of its impacts evolve, so should the assumptions, considerations, and expectations
for restoration. This evolution creates a new paradigm for restoration informed by
forward-looking, adaptive, and climate-resilient practices that can better support the
future persistence of restored systems. Supporting restoration into the future calls on
practitioners and the State to consider what resources should be made available to
accomplish restoration priorities, and how climate change will increase uncertainty in
restoration outcomes. This makes decisions surrounding where restoration should occur,
how restoration should be done, and even what the definition of restoration should
include all the more important.

Restoration is not a substitute for conservation (protection, management, and sustain-
able use) of California’s natural resources and cultural heritage. Protecting existing
ecosystems is the most effective approach for maintaining ecological function and
resilience for future generations, balancing human needs with ecological well-being.
However, when conservation is not enough, or is not possible, restoration becomes the
next-best option. Traditionally, restoration has included stressor removal and recovery of
lost habitat structure where it once existed. Under climate change, the definition of res-
toration may be better represented by the process of facilitating the holistic recovery of
a system and its associated functions and services, even in locations where that system
did not previously exist.

The Resist-Accept-Direct (“RAD") framework allows practitioners to evaluate their resto-
ration approach under the realities of climate change. Specifically, the RAD framework
supports decisions on whether to resist, accept, or direct ecosystem change to a new
state that may be more resilient or self-sustaining under climate change. Deciding
whether to resist, accept, or direct is a function of the input and values of the scientific
and local community that the system serves. Decision-making for restoration should
incorporate multiple knowledge streams, including scientific research, practitioner
expertise, and traditional and local knowledge. A structured decision making frame-
work can help practitioners and communities in making decisions that balance needs
and priorities while improving the chances of achieving desired outcomes and enabling

adaptive management over time.
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Restoration project planning begins with identifying a portfolio of possible sites,
informed by site suitability analysis that considers historical and projected extent, ability
to address stressors, and modeling of current and future site conditions. It is advisable
for practitioners to consult with relevant state agencies early in the planning process as
goals are being scoped and project sites are considered. As candidate sites are evalu-
ated, project goals are defined that specify what outcomes restoration is intended to
achieve, which helps to further narrow down site selection. Because functional ecosys-
tems provide considerable services, project goals may be ecological, social, economic,
or more likely a combination of the three. As a result, restoration can embed equity
and community benefits into statewide targets, site selection, project prioritization, and
selection of restoration methodology.

Restoration interventions may involve simply removing stressors and allowing natural
recovery, addressing stressors and pairing the intervention with an assisted recov-

ery technique to accelerate natural processes, and/or experimenting with multiple
approaches when the most effective method is uncertain. Climate change will require
developing and employing innovative restoration and management techniques. This
includes protecting natural adaptive processes, decelerating environmental stressors,
and enhancing the capacity of systems to adapt to change. The choice will depend

on the risk of these approaches compared to no action and the risk appetite of the
affected community. A number of risk-assessment, risk-mitigation, and regulatory tools
can enable balancing potential benefits of novel, climate-forward restoration techniques
with the possible risk of unintended consequences.

Translating project goals into actionable objectives and trackable metrics allows for
progress evaluation and is a necessary prerequisite to adaptive management. Long-
term monitoring should be a core component of every restoration and mitigation
project, including implementing a sentinel site network to identify appropriate refer-
ences to understand what is achievable under current conditions and contextualize
restoration success. Monitoring paired with adaptive management during and after
intervention is critical to ensuring that restoration progress is aligning with expectations
and, if not, addressing those issues before a project becomes unsuccessful. For the
State’s collective understanding of restoration to improve, the creation of a centralized
location for project monitoring data to be uploaded to in a standardized and quality
assured format is needed. Restoration project teams must then contribute their data to
this database.
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Statewide restoration targets (e.g. 30 x 30 area and biodiversity based targets) provide
the foundation and strategic vision for restoration in California. Appropriately-calibrated
statewide targets can align efforts, direct funding, enable consistency and collaboration,
incentivize progress, and maximize limited resources. For statewide restoration targets
to be effective, they must be ambitious, informed by available habitat to restore, and
supported with consistent and sufficient funding. Incorporating lessons learned from
past and ongoing restoration projects should inform State restoration targets, which
relies on consistent monitoring and reporting. This is necessary for successful long-term
restoration to occur at scale and beyond small-scale or pilot levels.

Future restoration success will rely on continued scientific advancement. This includes
improving our understanding of future climate impacts, expanding regional moni-
toring of ecosystems and stressors, and continuing to develop and pilot emerging,
climate-ready intervention methods. Looking forward, this document represents an
opportunity to meaningfully improve restoration outcomes across California by explic-
itly incorporating climate change impacts into restoration planning. In doing so, this
guidance can help ensure that restoration investments are more effective, resilient, and
equitable by strengthening ecosystems and human communities into a changing future.
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APPENDIX: RESTORATION TECHNIQUES

Rather than act as a State endorsement of restoration techniques, this section briefly
summarizes the available knowledge of restoration interventions that range in efficacy,
development, deployment, maturity, and consensus. This section is intended to act as

a broad orientation of systems, their stressors, and known intervention methods for
those who may be unfamiliar with restoration in action but it is not a comprehensive or
methodological description of restoration actions. It would likely be useful to have State
prioritized interventions and a decision framework for choosing interventions for each
system based on site-specific conditions, but that is beyond the scope of this document.

This report divides restoration interventions into two categories: (1) stressor man-
agement, or interventions to remove or mitigate abiotic and biotic stressors, and (2)
assisted recovery, or interventions to reintroduce or promote recovery of key species or
processes. While restoration methods are presented within these two categories, inter-
ventions often fall on a continuum of actions from ‘natural recovery’ (previously known
as ‘passive restoration’) to assisted restoration (previously known as ‘active restoration’)
[102]. Stressor management, or identifying and mitigating site-specific stressors that
cause degradation, can enable natural recovery through native recruitment or can be
paired with assisted recovery interventions.

Some of the assisted recovery methods described below involve in-lab cultivation prac-
tices. Captive breeding is essential for many reintroduction efforts such as seagrass
restoration and kelp outplanting, but captive breeding has the potential to result in
genetic adaptation to captivity. Captive environments differ from natural environments,
which can yield genetic variants that are advantageous in cultivation settings but unfa-
vorable for natural environments. This can limit population success when cultivated
populations are reintroduced to the wild [131]. To mitigate the potential for adaptation
to captive conditions, practitioners can a) minimize generations in captivity, b) minimize
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genetic selection by making the captive environment similar to the natural environment,
c) pool or exchange between individual captive populations fragmented to reduce risk,
or d) continually introduce wild-origin individuals in captive breeding populations [131].

A.1 Tidal Wetlands

BACKGROUND

Tidal wetlands provide resting, feeding, and nesting habitat for thousands of migratory
shorebirds, colonial seabirds, and wintering waterfowl, including state- and federal-
ly-listed threatened and endangered species (e.g., Light-footed Ridgway’s Rail, California
Least Tern, Western Snowy Plover, Belding’s Savannah Sparrow). Tidal wetlands are also
home to many ecologically- and economically-important fish and invertebrate species.
Tidal wetlands are often considered nature-based solutions as they protect coastal com-
munities against flooding, dissipate wave energy, sequester carbon, and improve water
quality via nutrient filtration [75].

Tidal wetlands include a diversity of habitat types, including subtidal habitat, mudflats,
salt marsh, tidal channels and creeks, and salt pannes. Subtidal zones support two
habitat types: soft-sediment bottom and submerged aquatic vegetation (e.g., Zostera
marina). Mudflats are typically exposed during low tides and occur at tidal elevations
too low to support vascular plants and too high to support submerged aquatic vegeta-
tion. Historically, some mudflats once supported large and robust native Olympia oyster
populations, which are now mostly extirpated. Mudflats form along the margins of large
creeks and rivers, estuaries and lagoons, and tidal channels. The diverse assemblage

of infaunal species that inhabit mudflats provide food chain support for larger macroin-
vertebrates, fishes, birds, and marine mammals. As elevation increases, tidal inundation
frequency decreases. In salt marshes, the interaction between tidal elevation and inun-
dation drives plant and animal community composition. Salt marshes are composed

of deep mud and peat, which is made from decomposing plant matter. As a result of
regular tidal inundation and fine-grain sediment, salt marshes foster a hypoxic sediment
environment with relatively slower decomposition [132]. Salt pannes are located within
the high salt marsh zone. These shallow depressions or pools of hypersaline standing,
or poorly drained water, often dry out during extended periods of exposure and high
temperatures, forming cracked salt crusts inhospitable to plant life.
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STRESSORS

Primary threats to tidal wetlands include climate change, urban development, hydro-
logical alterations, nutrient pollution, and invasive species. Sea level rise is a significant
climate-related threat to tidal wetlands since as sea levels rise, the migration potential
of wetland ecosystems are limited by human development and infrastructure. As with
“coastal squeeze” in the rocky intertidal, there is finite, limited space to accommo-
date landward migration of wetland habitats, which unmitigated will lead to complete
loss of valuable wetland habitats [75]. Dredging and diking for urban and commercial
development also pose a significant threat to tidal wetland ecosystems [133]. There
are numerous invasive species that compete with native species in tidal wetlands and
shallow subtidal habitats. Of particular concern is the cordgrass hybrid Spartina and the
seaweed Caulerpa prolifera.

RESTORATION TECHNIQUES

Stressors Management

Removing water control features to restore freshwater and tidal flows where necessary
to coastal wetlands can facilitate the natural functioning and resilience of such wet-
land systems. Managing sediment sources and restoring the tidal regime can offset the
impacts of sea level rise [134]. Managing coastal development to accommodate land-
ward migration of wetlands can mitigate the effects of sea level rise on wetland extent
statewide. Physical removal or herbicide treatment can be effective methods for reduc-

ing the invasion of non-native species in wetlands.

Assisted Recovery

Assisted recovery methods for wetlands include:

Planting native wetland species: Planting polycultures of native salt marsh
plants, including Spartina foliosa, Salicornia pacifica, Jaumea carnosa, and
Distichlis spicata, can help stabilize sediment, improve sediment quality, and
improve ecosystem services and functions [135,136]. Species choice will depend
on tidal wetland elevation and associated salinity and inundation tolerance.

Tidal channel creation: Construction of tidal channels conveys water and sed-
iment to mid and high marsh zones, provides conduits for fish to access marsh
plains, moves sediment and nutrients throughout the system, and increases habi-
tat heterogeneity, which can support higher levels of biodiversity [137].
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Sediment augmentation: Land subsidence, groundwater overdraft, freshwater
diversion, and coastal erosion can contribute to wetland loss. In these instances,
using sediment augmentation (e.g., thin layer sediment addition) to raise the
elevation of the salt marsh plain can be an effective approach to increasing eco-
logical function (e.g., productivity, sediment trapping). Sediment composition
and applied thickness will vary based on site-specific needs [138].

ADDITIONAL RESOURCES

1.

Fejtek, S., Gold, M., MacDonald, G., Jacobs, D., Ambrose, R. 2014. Best
Management Practices for Southern California Coastal Wetland Restoration and

Management in the Face of Climate Change. University of California Los Angeles,

Institute of the Environment and Sustainability.

Philip Williams & Associates, Ltd., and P. M. Faber. 2004. Design Guidelines for
Tidal Wetland Restoration in San Francisco Bay. The Bay Institute and California
State Coastal Conservancy, Oakland, CA.

Zedler, J.B. 2001. Handbook for Restoring Tidal Wetlands. CRC Press.

Zedler, J.B. 1996. Tidal Wetland Restoration: A Scientific Perspective And

Southern California Focus. California Sea Grant College System & Pacific Estuarine

Research Laboratory.

A.2 Oyster Beds

BACKGROUND

Olympia oysters (Ostrea lurida) are the only oyster species native to the Pacific

northwest coast of North America. Olympia oysters range from Sitka, Alaska to Baja

California, Mexico [139] and reside in estuarine habitats, serving as an important foun-

dation species. They provide habitat for other marine species [139], improve water

quality through increased filtration [140], reduce wave action and shoreline erosion

[141], and are culturally important to California tribes [142].
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STRESSORS

Olympia oysters have been subjected to multiple interacting stressors. Overhar-
vesting in the 19th and 20th centuries removed natural oyster beds from California
[143]. Coastal development, sedimentation, and shoreline hardening have created

a loss of suitable substrate for larval recruitment and oyster growth [144]. Excessive
sedimentation can smother oyster beds and reduce the availability of hard substrates
for larval settlement [144]. Water conditions such as low salinity events [145], low dis-
solved oxygen [144], low air temperatures [144], and ocean acidification [146] pose a
threat to oyster health [144]. Once larvae are able to grow, invasive snails, particularly
the Atlantic and Japanese oyster drill, decimate oyster populations through intense
predation pressures. Olympia oysters are also threatened by the invasion of the com-
petitively dominant oyster, Magallana gigas, and through predation from invasive
predatory snails known as oyster drills [144].

RESTORATION TECHNIQUES

Stressors Management

Strategies to reduce sediment and nutrient input into bays and estuaries depends on
the source of runoff but can include changing agricultural practices, rerouting urban
runoff, improving wastewater treatment, and restoring upslope vegetation in living
shoreline designs that can act as a first line of defense between oyster beds and agri-
cultural or urban areas. Reducing nutrient loads can also have the benefit of preventing
hypoxia events that are harmful for oysters [144]. Effective management of non-native
oysters and oyster predators involves physically removing invasive species from the
site. Minimizing direct human impact can be achieved through implementation of oys-
ter protections via no-take areas, educational signage, reducing boat wake, and other
deterrents that help oyster beds self-sustain.

Assisted Recovery

Approaches to assisted recovery of habitat type and species reintroduction to reestab-
lish Olympia oyster populations include:

Rebuilding reef substrate: Restoration of lost oyster habitat involves rebuilding
reef substrate to allow for larval settlement and growth in areas where sufficient
natural recruitment exists. Rebuilding reef substrate is often done using clean
oyster shells (either loose or in bags) and can also include crushed rock or bay-
crete to create hard surfaces. Strategic placement of substrates can help reduce
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interactions with common stressors. In some cases, outplanting individual live
Olympia oysters will constitute hard substrate for future oyster settlement,

so outplanting raised oysters contributes to an increase in available hard
substrate [147].

Seeding: Restoration of the species, particularly in areas where broodstock is
insufficient to provide reliable recruitment, involves rearing oysters in hatcher-
ies and setting juvenile oysters onto various materials (often using shell, rock, or
other hard substrates). Materials embedded with set oysters are then placed on

strings and/or small cobbles at a restoration site [144].

Translocation: Relocating adult oysters to other areas to act as broodstock is
possible. However, this is often only used when natural recruitment or seeding
isn't possible as it can harm the donor site and introduce disease or invasion to
the restoration site [148].

ADDITIONAL RESOURCES

1.

Schubel, J.R., Center, S., Lenihan, H. 2017. From British Columbia to Baja,
California Restoring The Olympia Oyster (Ostrea lurida). Aquarium of the Pacific &
UC Santa Barbara Bren School.

Wasson, K., Zabin, C., Bible, J., Ceballos, E., Chang, A., Cheng, B., Deck, A.,
Grosholz, T., Latta, M., Ferner, M. 2014. A Guide to Olympia Oyster Restoration
and Conservation. San Francisco Bay National Estuarine Research Reserve.

Baggett, L.P.,, S.P. Powers, R. Brumbaugh, L.D. Coen, B. DeAngelis, J. Greene,
B. Hancock, and S. Morlock. 2014. Oyster Habitat Restoration Monitoring and
Assessment Handbook. The Nature Conservancy.

A.3 Sandy Beaches and Dunes

BACKGROUND

California’s coastline includes more than 420 public beaches. Sandy beaches are some

of the most-frequented coastal habitats by humans, attracting a flourishing tourist econ-

omy in California. Not only do sandy beaches provide economic benefits in the form

of recreation and tourism, but they also provide critical habitat for many species, rang-

ing from meiofaunal (e.g., amphipods) to macrofaunal species (e.g., shorebirds) [149].
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Sandy beach habitats are typically unvegetated and consist primarily of sand and wrack
(drift marine and anthropogenic debris). Coastal dunes are also an important part of the
land-sea transition. Dunes help to stabilize sediment for sand accretion, dissipate wave

energy, and buffer against storm surges and coastal flooding [150]. Dunes also provide

habitat for beach-dwelling organisms as well as nesting sites for birds [151].

Sandy beaches and coastal dune systems form a dynamic transition area between the
land and ocean. Sandy beaches and dunes are formed from sediment deposition from
coastal bluffs and rivers [152]. This ecotype is dynamic, as sandy beaches and dunes
are subject to high variability in response to storms and tides. A number of California’s
beaches exist at a wider extent than they would naturally as the result of nearly a cen-
tury of beach nourishment projects along the coast [152]. Beach nourishment may be
considered restoration in specific cases in which replenishment efforts are centered
around ecological goals and considerations. For the most part, however, beach nourish-
ment in California serves the primary purpose of creating recreational areas for people.
If beach replenishment activities continue, approval should be based on ecological best
practices, including use of appropriate grain size and placement methods that minimize
harmful impacts to habitat and species. This method is most effective when paired with
other restoration efforts to prevent future loss of sand.

Behind the beach, dune systems develop with establishment of coastal plants whose
roots stabilize sediment, eventually forming mounds of sand. These ecosystems are
highly variable and sensitive to human activities such as coastal development and
watershed management that diverts freshwater and critical sediment from reaching
coastal waters. Some efforts across California have sought to deposit dredged sediment
from shipping channels, bays, and harbors for beach and dune replenishment [153].

STRESSORS

Globally, nearly every sandy beach ecosystem is threatened by anthropogenic impacts
[154]. In the U.S., there are about 20,000 miles of eroding shoreline, 2,700 miles of
which are considered “critically eroding” [155]. Sea level rise, reduction in sediment
inputs, hardening of the coastline via shoreline armoring, and proliferation of human
development such as dams, have generally combined to reduce both the spatial extent
and fundamental dynamism critical to the ecological functioning of sandy beaches
[156,157]. The effects of ‘coastal squeeze,” or the reduction in available space for
coastal habitats caught between rising seas and hard infrastructure, will become more
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evident on sandy beaches into the future. Beach assemblages are further stressed by
intense, localized disturbances, including mechanical grooming and pollutant expo-
sure, with these stressors concentrated along the most urbanized segments of coastline
[154]. Given how highly trafficked sandy beaches are, and their close proximity to infra-
structure and human communities, the effectiveness of restoration interventions will be

limited by continued human activity and presence.

Coastal dunes are subject to many of the same stressors as sandy beaches, but dunes are
also susceptible to the effects of invasive species. Invasive dune species can alter physical
processes and outcompete native dune species. Common invasive species in California
coastal dunes include Carpobrotus edulis, known as iceplant, and Cakile maritima, or
European sea rocket [158]. Iceplant was initially introduced in California to promote soil
stabilization, but has since dominated many coastal dune landscapes statewide.

RESTORATION TECHNIQUES

Stressors Management

Beach restoration often emphasizes restoration of sand delivery, including watershed
management to remove dams or implement sand bypasses. Dam removal, particu-
larly for dams no longer providing hydropower or irrigation benefits, offers substantial
potential for restoring sand delivery [159]. At a local scale, removal of abandoned
artificial surfaces and materials that are occupying and displacing beach and dune
habitat, such as oil and transportation infrastructure, can restore sediment movement
and reduce barriers to landward migration. Reducing physical disturbances by limit-
ing grooming and protecting key habitat areas through fencing and signage can also
support the natural dynamism of these habitats [160]. Removal of invasive species,
particularly iceplant, helps to restore the natural dynamism of coastal dune systems.
However, iceplant acts as a stabilizer for dunes by providing structural integrity, so the
assisted recovery methods below include strategies for stabilizing sand and promoting
dune formation coupled with iceplant removal.

Assisted Recovery

For sandy beaches and dunes, assisted recovery can help to more rapidly stabilize sand,
establish geomorphic structure, and restore ecological function. These techniques often
center around retaining and rebuilding sand within the ecosystem and include:

Dune revegetation: Vegetation recovery of native plants through seeding and

outplanting has proven to support increases in dune height and total sand
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accretion. Revegetation can support transition away from iceplant as a dune sta-
bilizer, while also providing habitat for dune invertebrates and shorebirds [160].

Installing sand fences: Installing sand fences can help accrete sediment by
stabilizing loose sand and promoting dune formation. This restoration approach
is a relatively inexpensive and sustainable approach to shoreline protection to

erosion and sea level rise.

Engineered structures: Most restoration for sandy beach loss is motivated by
the installation of engineered structures (e.g., harbor breakwaters, seawalls),
which change local sand deposition patterns. These efforts primarily focus on
compensating for the loss of non-ecological beach services to protect onshore
infrastructure (often houses or roadways) or recreation (maximizing “towel area”),
typically via either permanent structures (e.g., groins) designed to accrete sand
during longshore drift or ephemeral, pulsed sediment pumping/deposition from
harbors or other nearby reservoirs. However, the use of nature-based solutions
should be considered prior to permanent, hard structures as these structures can
have adverse downdrift effects, such as erosion.

ADDITIONAL RESOURCES

1. King, P.G., McGregor, A.R. 2013. Managing Sandy Beach Ecosystems. BEACON.

A.4 Rocky Intertidal

BACKGROUND

Rocky intertidal ecosystems exist as a narrow ribbon along the California coast com-
prising between five-to-fifteen square miles across the entire State [161]. Despite its
relatively limited spatial extent, rocky intertidal habitats provide a variety of ecologi-
cal functions for California by supporting high species diversity and providing shelter
and nursery grounds for fish and invertebrates [162]. The rocky intertidal also provides
significant recreational, cultural, and economic value to the people of California, par-
ticularly for many tribes. Rocky intertidal habitats are highly accessible in comparison
to other marine environments and are thus popular destinations for class field trips and
recreational tidepooling [163].
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California’s rocky intertidal ecosystems can be divided into three vertical zones defined
by exposure to tidal fluctuations. The high zone is closest to land and is the first to be
exposed as the tide falls. Organisms that live in the high zone experience the greatest
variation in temperature, salinity, and potential for desiccation, followed by the mid-
dle and low zones, respectively [164]. Rocky intertidal zones are composed of various
features such as rock crevices, tidepools, and rocky beaches. This habitat type is excep-
tionally diverse, hosting a variety of ecologically and economically important plants and
animals [165].

STRESSORS

Rocky intertidal habitats face a range of anthropogenic threats including pollution
(mainly from terrestrial sources), human disturbance from trampling, invasive species,
sedimentation, and overexploitation through unsustainable collecting [165-167]. Inter-
tidal habitats are vulnerable to climate-related stressors, particularly sea level rise and
increased ocean and air temperatures. As sea levels rise, intertidal habitats lacking
space for landward migration will lose the tidal influence that defines their ecosystem.
Steep cliffs and hard infrastructure prevent landward migration of rocky intertidal eco-

systems, a phenomenon known as coastal squeeze.

RESTORATION TECHNIQUES

Stressors Management

Reducing direct human disturbances of rocky intertidal ecosystems is a key step in
allowing for the persistence and recovery of these habitats. Recovery strategies in
response to direct human disturbance fall into two categories: 1) creation or expan-
sion of education programs to encourage responsible tide pool use, and 2) creation or
expansion of enforcement activities. Expanding public education efforts include install-
ing signage, using docent programs, working with educational institutions to improve
awareness, and changing trampling and handling behavior of those visiting [168]. Public
education paired with increased enforcement of harvesting restrictions and enhanced
protected area designations may further deter high-impact human behavior [168].

For rocky intertidal habitats facing threats from pollution or sedimentation, recovery
will depend on addressing land-based sources of both stressors. Addressing coastal

squeeze can include removing physical barriers to landward migration.
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Assisted Recovery

In rocky intertidal systems, active restoration methods often rely on restoring target
species. Foundation species such as canopy-forming kelp, surfgrass, or ecologically-im-
portant invertebrates help structure physical habitat while stabilizing ecological diversity
and composition. Focal species will depend on project-specific outcomes, site condi-

tions, and the intertidal zone targeted for restoration, but are likely to include:

Rockweed, a group of brown seaweeds that are often the dominant macroalgae
within the mid- to upper-intertidal zone. The most common genera of rockweed
include Silvetia and Fucus. Restoration of rockweed species involves transplant-
ing adults to the restoration site and using transplanted organisms to seed
surrounding areas for continued recruitment and restoration [162].

Surfgrass, an abundant and ecologically important nearshore seagrass species.
Much like eelgrass, restoration for surfgrass includes using both seeding method-

ologies and rhizome transplants secured to rocks [169].

Abalone, mollusks that are both ecologically valuable within the low intertidal
zone and culturally important to California’s history. There are seven species of
abalone native to California, all of which have been nearly wiped out in a subset
of sites across the state that historically supported high densities. Restoration for
abalone includes captive breeding and outplanting of juvenile species into rocky
habitat [170] as well as translocating individuals from donor sites to sites where
abalone have been lost (e.g., black abalone).

Mussels, habitat-forming foundational species found within the mid-intertidal
zone, provide structural complexity to intertidal habitats. Restoration techniques
include transplanting mussels or using mesh and plates to allow mussel spat to
recruit to the area.

Additional methodologies could include creating living sea walls, which include grey
and green elements, composed of artificial tidepools and reefs [171], to increase habi-
tat heterogeneity landward so that intertidal species have habitat to recruit or migrate
to with refugia from rising seas. However, hybrid habitats like living sea walls generally
have not been found to support the full range of structure and function of naturally-
occurring habitat of living shorelines.

Appendix | 110



ADDITIONAL RESOURCES

1. Gaines, S., Denny, M.W. 2007. Encyclopedia of Tidepools and Rocky Shores.
University of California Press.

2.  Ambrose, R.F., and Smith, J. 2004. Restoring Rocky Intertidal Habitats in Santa
Monica Bay. University of California, Los Angeles.

A.5 Seagrasses

For federal guidance on eelgrass conservation measures and monitoring methods,
please reference the National Marine Fisheries Services’ California Eelgrass Mitigation
Policy (CEMP).

BACKGROUND

Seagrasses are marine flowering plants that grow along California’s coast in sheltered
bays and estuaries, as well as the open coast [172]. Healthy seagrasses are able to sup-
port diverse assemblages of fish [173], enhance water quality [174], sequester carbon
dioxide [175], and attenuate wave energy, thereby protecting shorelines from coastal
erosion [176]. In California, there exists both soft-bottomed seagrass (Zostera sp. and
Ruppia maritima) and rock-associated seagrass species (Phyllospadix sp.). The most
spatially-extensive seagrass is common eelgrass (Zostera marina), found in bays and
estuaries [177]. In the semi-protected coastal waters of Central and Southern California,
Pacific eelgrass (Zostera pacifica) occurs in subtidal areas of sand and gravel substrate
typically in the lee of prominent headlands and capes; however, Pacific eelgrass is
relatively rare with limited statewide extent. Ruppia maritima (Widgeon grass) is an
important component of coastal wetlands with documented tolerances for warmer, less
saline, and more eutrophic waters [178]. While this might make it an important species
for consideration under climate change, much of the work focused on Ruppia has been
conducted through coastal wetland restoration. Previous examples include restoration
projects that created shallow lagoons which supported recovery of Ruppia maritima
[179]. Similarly, there has been relatively little restoration of Phyllospadix torreyi within
California. While restoration is feasible, it is more technically challenging than Zostera
restoration. As a rock-associated species, Phyllospadix sp. requires laboratory-grown
seedlings attached to mesh or sprigs harvested from a donor bed that are epoxied to a

hard substrate at the restoration site [169,180]. As sea level rise continues to threaten
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Phyllospadix sp. habitat, conservation of suitable habitat will be critical since restoration
techniques for the species are still in early stages.

Current inventories from aerial coverage estimate that there are over 60km? of eelgrass
habitat, but that value is highly uncertain [181]. Collectively, just five estuarine systems
support more than 80 percent of known eelgrass extent in the state, including Hum-
boldt Bay, San Francisco Bay, San Diego Bay, Mission Bay, and Tomales Bay [182].

STRESSORS

Seagrasses face a range of natural and anthropogenic stressors that have contributed to
their declines in extent and resilience. These stressors include light limitation, disease
outbreak, algal blooms from eutrophication, sedimentation, dredging, invasive epifauna
(often the tunicate Didemnum vexillum in California), and increased frequency and inten-
sity of coastal storms [67]. These stressors reduce light availability needed for growth and
cause physical disturbances to seagrasses. Additional stressors on seagrasses include
increased water temperature and coastal development. When closed, estuaries can form
sizable submerged aquatic beds of Ruppia maritima (widgeongrass) and other brackish
water SAV species, in addition to floating mats of macroalgae or phytoplankton blooms.
Abrupt opening of a tidal inlet due to storm events or management actions can com-
pletely change tidal elevations and salinity regimes, effectively replacing or restructuring
over a period of days the dominant species.

RESTORATION TECHNIQUES

Stressors Management

When environmental conditions are suitable, seagrasses can recolonize areas naturally
without assisted recovery. To do so, restoration must, in part, address the stressors that
caused seagrass to be lost in the first place. This is achieved primarily by improving
water quality to enhance light availability and limiting mechanical disturbances to beds.
Successful approaches for improving water quality include establishing total maxi-
mum daily loads for pollution, maintaining tidal flushing, reducing land-based nutrient
application, stabilizing sediment to improve water clarity, and minimizing overwater
structures [183]. For physical and biological disturbances, minimizing dredging and
anchor damage, removing debris, and managing invasive species can create conditions

necessary for seagrass to naturally recolonize [183].
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Assisted Recovery

Once stressors have been addressed, assisted recovery can complement and accelerate
the restoration process. Seagrass restoration methodology typically falls into two cate-
gories: i) outplanting of adult seagrasses, or ii) distribution and/or planting of seagrass
seeds [184]. Scientists have documented high variability in shoot densities and bottom
cover across sites, seasons, and even within individual beds over time throughout Cali-
fornia’s seagrass ecosystems. Therefore, seagrass restoration designs should mimic the
natural seagrass density for the site at the time of project implementation to ensure
assessment of success approximates reference conditions. The selection of appropriate
techniques depends on site-specific conditions, donor material, and restoration objec-

tives. Methods for seagrass reintroduction include

Bare-root transplants: Manual planting of individual shoots or shoot bundles into
a substrate either alone or staked using material such as popsicle sticks, gar-

den staples, bamboo, or rebar [67]. This methodology helps to stabilize plants
during establishment and is preferred in high-energy environments. Best practice
for bare-root transplants includes freshwater rinses prior to outplanting to help
remove invasive epifauna that grow directly on shoots and rhizomes [31,185].

Sediment-intact transplants: This method transfers shoots with the surrounding
sediment, known as plugs, to the restoration site [67]. This method helps to pre-
serve root structure and associated microbial and infaunal communities for higher

restoration success, but is more technically challenging to execute at scale.

Seed-based methods: The two most common seed-based methods include
broadcast dispersal or targeted burial of seagrass seeds in restoration plots. This
technique, when executed with the appropriate mariculture infrastructure, is well
suited for large-scale restoration projects but can be limited by seed predation
and seed germination success [67].

ADDITIONAL RESOURCES

1. Hughes, B.B., Beheshti, K.M., Boyer, K.E., Williams, W. 2024. Seagrass restoration
handbook: the how, when, and where of restoring seagrass habitat through

transplantation. The Anthropocene Institute.

2. Beheshti, K.M., Ward, M. 2021. Eelgrass Restoration on the U.S. West Coast: A

Comprehensive Assessment of Restoration Techniques and Their Outcomes.

Prepared for the Pacific Marine and Estuarine Fish Habitat Partnership.
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3.  NOAA Fisheries. 2014. California Eelgrass Mitigation Policy and Implementing

Guidelines.

4. McCune, K., Gillett, D.J., Stein, E.D. 2020. Methods and Guidance on Assessing

the Ecological Functioning of Submerged Aquatic Vegetation in Southern

California Estuaries and Embayments. Southern California Coastal Water Research

Project.

5.  Thom, R., Gaeckle, J., Borde, A., Anderson, M., Durrance, C., Kyte, M.,
Schlenger, P., Stutes, J., Weitkamp, D., Wyllie-Echeverria, S., Rumrill, S., Boyle,
M. 2008. Eelgrass (Zostera marina L.) Restoration in the Pacific Northwest:

Recommendations to Improve Project Success. U.S. Department of Energy.

6. Fonseca, M.S., Judson, K.W., Gordon, W.T. 1998. Guidelines for the conservation

and restoration of seagrasses in the United States and adjacent waters. NOAA

Coastal Ocean Program decision analysis series no.12.

A.6 Kelp Forests

For a cohesive kelp management strategy, please look towards the forthcoming Kelp
Restoration and Management Plan (KRMP) from the California Department of Fish

and Wildlife and the California Ocean Protection Council (tentative release 2027). For
artificial reefs, please look towards the forthcoming California Artificial Reef Program
Plan (CARP) from the California Department of Fish and Wildlife. The following section
serves as a broad orientation to kelp forest restoration and does not supersede either of
the aforementioned State plans.

BACKGROUND

Kelp forests are spatially and temporally dynamic environments and are among the most
biodiverse and productive ecosystems on the planet [186]. Kelp forests in California grow
along the entirety of the coastline in shallow rocky subtidal areas at depths of ~3-25 m.
This depth range encompasses what the State defines as shallow rocky bottom habitat
which is found from 0-30 m [187]. Hundreds of canopy-forming, stipitate (seaweeds that
have a stalk or stipe), and understory seaweeds (some of which are kelp) provide food,
habitat, and shelter to thousands of organisms, thus constituting a kelp forest.
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There are two predominant types of canopy-forming kelp in California: giant kelp (Mac-
rocystis pyrifera), a perennial species that dominates the coast south of San Francisco,
and bull kelp (Nereocystis luetkeana), an annual species that dominates the coast north
of Santa Cruz. Recent inventories estimate 72 km? of canopy-forming kelp across the
state [181]. Macrocystis and Nereocystis are foundation species that provide a variety of
functions and ecosystem services [186]. Kelp forms a complex three-dimensional hab-
itat, serves as a food source for herbivores and detritivores, supports coastal nutrient
cycling, and may help to mitigate ocean acidification at very local scales [188,189]. Kelp
forests also support a variety of commercial, recreational, and tribal fisheries and provide
recreational opportunities such as diving, kayaking, and wildlife viewing. Through these
ecological, economic, recreational, and cultural services, kelp forests contribute to the
state’s $44 billion marine economy [190].

STRESSORS

Kelp forests are under a combination of anthropogenic stressors, including the direct
and indirect effects of global climate change. Kelp forests are often affected by
multiple, compounding stressors, which can cause a decline in kelp health and prevent
natural recovery from discrete events. Broad drivers of loss along the California coast
include marine heatwaves and associated nutrient deficiencies, disease outbreaks in
sea re predators, and more frequent and intense coastal storms [191-193]. More local-
ized stressors include burial and reduced light availability from sedimentation, invasive
algal competition, pollution, and sea urchin overgrazing. In California, sea urchins are

a native and natural component of kelp forest systems. When kelp densities and urchin
predator densities are sufficiently high, satiation on drift kelp and fear of predators pro-
motes passive kelp consumption by urchins, where they hide in crevices and primarily
consume drift kelp (kelp fronds that break off and float the sea floor). However, low kelp
and predator densities, which often coincide with persistent warming, starvation, and

a lack of fear/predation, lead to active urchin grazing on kelp that causes kelp mortal-
ity. In extreme cases, kelp forest systems can shift to an alternate state devoid of kelp
and with high densities of urchin known as urchin barrens. In urchin barrens, urchins can
persist for extended periods in a dormant state and can impede kelp recovery. Natural
recovery from urchin barrens can occur, such as following natural disease urchin out-
breaks or highly favorable conditions for kelp growth [194], but restoration interventions
can be relevant in cases of persistent and extensive urchin barrens [195].
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Off the coast of Sonoma and Mendocino Counties, scientists have observed a greater
than 95% decrease in Nereocystis canopy since 2014 due to a combination of inter-
related stressors, including sea star wasting disease, the 2014-2016 marine heat wave
events, and an ensuing population explosion of purple sea urchin [196-198]. As of 2023,
total kelp canopy coverage in these counties remains at less than 10% of its historical
average [199]. These same events also led to a patchy mosaic of Macrocystis loss in
select regions of central California, resulting in a 70% reduction of giant kelp along the
Monterey-Carmel Peninsula area [200,201]. This was followed by a subsequent recovery
of 96.8% in Central California and 68.9% across Southern California as of 2021 [202].

RESTORATION TECHNIQUES

Stressors Management

To address local stressors, practitioners can improve water quality by addressing sedi-
mentation, pollution, and heat [203], reduce localized urchin populations through culling
urchins or harvesting by hand or vacuum [204,205], outplant kelp to boost spore source
supply [206], and reduce competition from invasive species like Sargassum horneri [207]
or Undaria pinnatifida.

ASSISTED RECOVERY

The potential for natural recovery at a given site might be limited by dispersal potential,
recruitment success, and subsequent establishment. Understanding factors that affect
dispersal dynamics, particularly distance from the nearest source population, as well

as the potential for regeneration from a germ bank, can help inform whether assisted
recovery may be necessary, or if kelp may be able to reestablish itself once local stress-

ors have been addressed on an acceptable timeline [208].

The suitability of the following assisted recovery techniques is dependent on causes of
loss or degradation, size of the restoration project, and specific project objectives, and
are often used in conjunction with one another depending on specific site manage-
ment needs:

Seeding and outplanting: Seeded lines or spore bags are used to disperse kelp
across large spatial scales. This method can result in high mortality of kelp prop-
agules [204,208] but selecting for multiple life stages and the most appropriate
method for specific contexts can increase the likelihood of success [206]. For
example, Macrocystis can be outplanted using green gravel in which small gravel
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is seeded with kelp propagules [209] and Nereocystis can be outplanted at juve-
nile stages on Arrays to Recover Kelp Ecosystem Vegetation (ARKEVs) [206].

Transplanting: Transplanting kelp is the movement of entire kelp individuals from
donor beds to restoration sites. Kelp holdfasts are affixed to reef surfaces using

glue, rope, and mesh mats. This methodology allows kelp to create suitable habi-
tat conditions and act as a spore source for the restored area [204,208]. However,

scalability of this method is limited by how resource intensive it is.

Recovery of urchin predators: Supporting recovery of dominant urchin preda-
tors, particularly the sunflower sea star (Pycnopodia helianthoides), is the focus of
ongoing research and may be a method to help facilitate natural recovery [210].
Experiments and models predict that recovery of Pycnopodia could increase
urchin predation, help kelp forest recovery [211], and aid in ecosystem resil-
ience under future marine heat waves [212]. Building functional redundancy, or
increasing the number of taxonomically distinct but functionally similar species
such as urchin predators, has the potential to reduce the negative effects of
stressors and can increase a kelp ecosystem’s functional resilience [213].

Artificial reef installation: This method involves the placement of artificial reefs,
or hard substrate, to facilitate kelp settlement and growth. This is sometimes
referred to as kelp afforestation, which requires converting existing soft sediment
to hard substrate appropriate for kelp attachment [214]. Although this method
involves habitat conversion from subtidal soft bottom ecosystems, and there-
fore may not be considered restoration as traditionally defined, this document
discusses the importance of a more climate change inclusive definition of resto-
ration that includes directing habitats for their persistence, and therefore artificial

reefs would fall under this updated definition of a restoration action.

ADDITIONAL RESOURCES

1. Giraldo-Ospina, A., Bell, T., Carr, M.H., Malone, D., Caselle, J.E. 2023. Where,
when and how? A guide to kelp restoration in California using spatio-temporal

models of kelp dynamics. A report to California SeaGrant and California Ocean

Protection Council.

2. Eger, AM,, Layton, C., McHugh, T.A., Gleason, M., Eddy, N. 2022. Kelp
Restoration Guidebook: Lessons Learned from Kelp Restoration Projects Around

the World. The Nature Conservancy.
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McHugh, T.A., Eddy, N. 2021. A Structured Approach for Kelp Restoration and
Management Decisions In California. The Nature Conservancy.

A.7 Mid-Depth Subtidal Rocky Bottom

BACKGROUND

Shallow rocky subtidal areas are defined as depths from approximately 0-30 meters
[215] and mid-depth subtidal rocky bottom ecosystems to be between 30 and 100
meters of depth [216]. Shallow reefs are often dominated by canopy-forming algae,
such as giant kelp, and as such are addressed in the section above (Section A.6). In this
section, subtidal rocky bottom refers to the mid-depth range of rocky reefs. Subtidal
rocky bottom habitats are areas of hard substrate that are often referred to as rocky
reefs. Some rocky bottom areas are extensions of shoreline rocky features such as head-
lands, cliffs, or rocky intertidal habitat, while others exist as isolated regions of rock
surrounded by soft bottom substrate. Rocky reefs have varied topography and rugosity;
ranging from rocky reefs that are 0-1 meters above the seafloor to high relief reefs that
can extend above the surface to form islands.

Subtidal hard bottom areas are known for their abundant and diverse biological com-
munities including macroalgae, sponges, corals, invertebrates, and fish. Variable
topography, substrate characteristics, and depths within and among rocky reefs pro-
duces a plethora of microhabitats. Mid-depth rocky reef habitats beyond the depth
range of canopy-forming kelp (> 25 meters depth) include banks and outcroppings,
underwater pinnacles, and submarine canyons [164]. However, in comparison to shal-
lower, near-shore coastal habitats, the ecology and vulnerability to climate change of
this habitat type are less understood, which inhibits robust and effective management
of deep rocky reef habitat.

Subtidal rocky bottom restoration offers numerous ecological and socioeconomic ben-
efits including increased habitat for fish and invertebrates, enhancement of coastal
productivity, coastal protection from wave energy, and increased recreational value for
diving and tourism [217].
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STRESSORS

Subtidal rocky bottom stressors may differ depending on depth. Mid-depth subtidal
rocky bottom is most threatened by changes in ocean conditions (temperature, acidifi-
cation and hypoxia), sedimentation, nutrient availability, disruptive fishing practices, and

underwater infrastructure like subsurface cables [202].

RESTORATION TECHNIQUES

Stressors Management

For mitigating stressors in mid-depth rocky reefs, controlling coastal erosion and reduc-
ing land-based sediment input can be helpful in preventing the burial of rocky reefs.
Protecting subtidal habitats from physical damage by boats, bottom trawling, and

underwater infrastructure can further reduce habitat degradation and fragmentation.

Assisted Recovery

Assisted recovery for subtidal rocky habitats can prioritize replication of habitat com-
plexity and promote recruitment in the area [218], which may include artificial reef
construction to restore reef rugosity. Artificial reefs include manmade or natural mate-
rial intended to replicate the physical habitat structure that has been damaged or
lost. Artificial reef substrate is typically quarry rock but can also include concrete, reef
balls, and other hard structures [214]. Reef size, use of natural or artificial materials,
footprint, and other design considerations can have an effect on the outcome of the
restoration effort [219]. The California Artificial Reef Program Plan currently under
development and expected in early 2027 provides guidance on materials, design and
siting considerations.

ADDITIONAL RESOURCES

1. AMEC Environment & Infrastructure, Inc. 2014. Review of Subtidal and
Intertidal Habitat Compensatory Mitigation Approaches. California State Lands

Commission.
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