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CEQA DETERMINATION

The Subtidal Goals document is statutorily and categorically exempt from the California Envi-
ronmental Quality Act (CEQA), for the reasons presented below.

The Subtidal Goals Project will result in documents that provide information, recommendations

and goals for protection, restoration, appropriate use, and research to improve the subtidal habi-

tats in San Francisco Bay. The project involves data collection, resource evaluation, and planning;
all of these activities are exempt under CEQA. The documents that are prepared for the Subtidal

Goals Project will not have a legally binding effect on later activities of public agencies.

The portions of the Subtidal Goals Project that consist of basic data collection and resource
evaluation activities are categorically exempt from CEQA review, under 14 CCR Section 15306
(“Information Collection”). The information-collecting activities will be implemented in a man-
ner that will not result in a serious or major disturbance to an environmental resource.

The portions of the Subtidal Goals Project that involve planning are statutorily exempt pursu-
ant to Public Resource Code Section 21102 and 14 CCR Section 15262 (“Feasibility and Plan-
ning Studies”) since they are for possible future actions that have not been approved, adopted,
or funded. The planning studies will include consideration of environmental factors, to avoid
impacts to sensitive environmental resources.

EFFECTS OF THE PROJECT

The Subtidal Habitat Goals Project will result in a recommendations document that is intended
to provide general technical assistance and discretionary guidance for managing San Francisco
Bay subtidal habitats. The document will result in no direct or indirect effects on resources of
concern as outlined in the National Environmental Policy Act (NEPA) checklist. Implementation
of specific recommendations or goals identified in the document will undergo individual NEPA
analysis, as necessary.

NEPA DETERMINATION

After reviewing the project in relation to NAO 216-6, including the criteria on the NEPA
checklist, and review by the Southwest Regional NEPA Coordinator, NOAA concluded that

the proposed action would not have a significant effect, individually or cumulatively, on the
human environment. Further, NOAA determined that the proposed action may appropriately
be categorically excluded from the requirement to prepare either an environmental assessment
or environmental impact statement, in accordance with Categorical Exclusion 6.03.c.3(i) Other
Categories of Actions Not Having Significant Environmental Impacts. More specifically, this
action represents guidance of an administrative, technical, or procedural nature, the environ-
mental effects of which are too broad, speculative, or conjectural to lend themselves to meaning-
ful analysis, and will be subject later to the NEPA process, either collectively or case-by-case.
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CONSERVATION PLANNING FOR THE SUBMERGED AREAS OF THE BAY

EXECUTIVE SUMMARY

AN FRANCISCO BAY is one of the largest estuaries on the West Coast

and one of the most important both for the habitat it provides for fish

and wildlife and for the many benefits and opportunities it offers people.
Its natural beauty gives the Bay Area the iconic identity for which it is known
throughout the world, while its waters ensure an enviable climate and quality
of life for over 7.5 million residents. Residents commute across the bay on
ferries, or enjoy it while boating, fishing, swimming, windsurfing, and birding
in and around its waters. Visitors from around the country and world are
drawn to this heart of the Bay Area as well, adding millions of dollars each
year to the local and state economies. The bay is a busy center of commerce:
cargo ships and tankers from around the Pacific Rim depend on its ports and
infrastructure, and approximately two million tons of sand are mined from
beneath its surface each year for use in construction. Historical oyster shell
deposits are mined for livestock and chicken feed, soil conditioner, and as a
dietary supplement for human consumption.

In addition to offering these aesthetic, economic, and recreational values, the
bay supports a critical food web. Herring and Dungeness crab, among many
other species of fish and shellfish, rear in its waters while sturgeon, salmon,
and steelhead feed and rest in the bay during their migrations to and from its
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rivers and streams and the ocean. Its vast open water, sloughs, rivers, streams,

and tidelands host millions of migratory birds every year as they move up and
down the Pacific Flyway, as well as provide habitat for numerous resident water,
shore, and song birds. The bay also provides important habitat for marine
mammals, shellfish, and aquatic invertebrates—the smaller, often unseen but
important inhabitants of the estuarine ecosystem.

Looking Beneath the Surface

Subtidal habitat is a critical piece of this ecosystem. Subtidal habitat, as defined
in this report, includes all of the submerged area beneath the bay’s water sur-
face: mud, shell, sand, rocks, artificial structures, shellfish beds, eelgrass beds,
macroalgal beds, and the water column above the bay bottom. Although this
hidden underbelly of the bay is often thought of as a featureless mud bottom,
its unique habitats provide diverse three-dimensional structures, including
sand waves more than three meters high. Its eelgrass and shellfish beds act as
ecosystem engineers and provide substrate for reproduction and food resources
for species such as herring and salmon; rocky outcrops offer substrate for sea-
weeds and invertebrates; mixed sediments in shoals and channel banks are
used by a variety of species. Many shellfish, macro- and micro-invertebrates,
fish, marine mammals, diving ducks, and other wildlife feed, rest, hide, and
reproduce in subtidal areas. Large populations of shorebirds feed on the estu-
ary’s subtidal and intertidal mudflats.

The bay also supports a variety of indirect ecosystem services, including nutri-
ent cycling, climate regulation, flood protection, water quality maintenance,
and sediment transport. The Subtidal Habitat Goals Report recommends
preserving and restoring the bay’s subtidal resources for their ecosystem
functions and habitat values as well as for their ecosystem services to humans.
The vision statement and goals presented in the report were developed using
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Bay Area planners and
resource managers now
have a comprehensive and
innovative ecosystem-
based management vision
for the bottom of the bay to
tidal wetlands and grass-
land transition zones to
upland areas.

the best available science in the interest of supporting, maintaining, and
improving upon these ecosystem functions, values, and services.

Report Audience and Use

Along with the Baylands Ecosystem Habitat Goals Project and the Uplands
Habitat Goals Project, the San Francisco Bay Subtidal Habitat Goals Project
(Subtidal Goals Project) represents a milestone in regional habitat planning for
San Francisco Bay and its watersheds. Bay Area planners and resource manag-
ers now have a comprehensive and innovative ecosystem-based management
vision for a continuum of habitat types from the bottom of the bay to tidal wet-
lands and grassland transition zones to upland areas.

The Subtidal Goals Project report is neither a policy nor a regulatory docu-
ment. It is designed to give resource managers, regulatory agencies, environ-
mental groups, researchers, industry, and anyone interested in this important
bay habitat the basic information they need to plan conservation, restoration,
research, and protection activities related to subtidal habitat in the San Fran-
cisco Estuary.

Implementation of the goals in the report will occur through a number of
avenues: local governments may incorporate these recommendations into their
planning processes and documents. Non-profits may use the report when seek-
ing funding for restoration or management projects, and researchers may wish
to refer to it for guidance in writing proposals. Regulatory agencies may use
this report to evaluate, revise, or implement their policies. However, new poli-
cies or modifications to existing policies proposed on the basis of this report
will require a separate process in which each agency will analyze recommended
policies in the context of its existing authorities and public input process.

The Subtidal Goals Project is a collaboration among the San Francisco Bay Con-
servation and Development Commission (BCDC), California Ocean Protection
Council (OPC)/California State Coastal Conservancy (SCC), the National Oce-
anic and Atmospheric Administration (NOAA), and the San Francisco Estuary
Partnership (SFEP). Lead staff from those agencies worked with the broader sci-
entific community, managers, restoration practitioners, and stakeholders over sev-
eral years to develop the goals set forth in this document. More about the process
used to develop the project can be found in Appendix 1-1.

NOAA, BCDC, SFEP, and SCC each have different authorities, mandates and
policies regarding conservation and management of subtidal habitats. As such,
each agency may choose to use this document in different ways.

« While this document does not supersede or change NOAA authorities or
mandates, NOAA staff may reference information in this document when
implementing consultations pursuant to the Endangered Species Act and
the Essential Fish Habitat provisions of the Magnuson-Stevens Fishery
Conservation and Management Act.
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o NOAA may reference this document when evaluating research priorities
both for NOAA Science Centers and other scientific entities.

o The NOAA Restoration Center may use this document to help prioritize
restoration projects for funding and support.

« San Francisco Bay Conservation and Development Commission staff
may use this document as background when considering future revisions
to the San Francisco Bay Plan and may reference it when evaluating
proposed projects under BCDC’s existing regulatory authority over
development in and around San Francisco Bay.

o The San Francisco Estuary Partnership may reference this document
when implementing the Comprehensive Conservation and Management
Plan for San Francisco Bay, in seeking federal dollars for San Francisco
Bay conservation, and in selecting restoration and/or research projects
to fund.

« The State Coastal Conservancy may use this document to identify
acquisition opportunities, prioritize conservation and strategic planning,
and develop restoration projects to support and fund. The Ocean
Protection Council may utilize the document in making decisions and
prioritizing research areas, especially as they relate to issues of land-sea
interactions, ecosystem research, and climate change planning.

5
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The vision statement of the
project is to achieve a net
improvement of the subtidal
ecosystem in San Francisco
Bay through science-based
protection and habitat
restoration.

Planning Framework and Approach

The Subtidal Goals Project takes a bay-wide approach to setting science-based
goals for maintaining a healthy, productive, and resilient ecosystem. The vision
statement of the project is to achieve a net improvement of the subtidal eco-
system in San Francisco Bay through science-based protection and habitat
restoration. Where possible, these subtidal goals are designed to connect with
intertidal habitats and with goals developed by other projects, including goals
for baylands and uplands habitats. Unlike in the Baylands Goals effort, histori-
cal information about subtidal habitat is lacking. Thus the goals set forth in
this document do not attempt to restore the bay to historical conditions but are
designed to improve the condition of the subtidal ecosystem. The baseline for
the project is 2010, and the planning horizon is 50 years.

Collecting and mapping baseline geospatial data of all of the subtidal habitat
types was a critical piece of this project. Maps of habitat distribution, owner-
ship, and stressors for each habitat type—as well as proposed restoration sites
for native oysters and eelgrass and pilot locations for intertidal sand beaches
and living shorelines—are presented throughout the report.

Early in the process, the following key planning decisions were made:

« The geographic scope of the Subtidal Goals Project is San Francisco Bay
from Sherman Island west to the southern extent of the bay and seaward to
the Golden Gate (Point Bonita to Point Lobos). Although the Sacramento-
San Joaquin Delta is not included in the project scope, conditions in the
delta and their relationship to subtidal habitat in the bay are addressed in
the sections on freshwater input and climate change (see Chapter 3).

o For the purposes of this project, “subtidal habitat” includes all submerged
areas of the bay. The project also includes certain intertidal habitats that
were not specifically addressed in the 1999 Baylands Ecosystem Goals
Report: intertidal mudflats, eelgrass, sand beaches, rocky intertidal and
subtidal areas, and artificial substrate.

« The report uses a precautionary approach, erring on the side of
conserving and protecting resources.

« Available information about existing conditions serves as a baseline.

« The goals build upon opportunities and information developed by
existing subtidal pilot projects, including in-the-water monitoring,
restoration, mitigation, and research projects in San Francisco Bay.

« This document avoids setting priorities among habitats although
restoration of some may result in conversion of others: for example,
some soft substrate may be lost or enhanced through restoration of
eelgrass or shellfish beds.
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« Because there is a great deal of uncertainty about the functions and
value of subtidal habitats and the utility and likely success of restoration,
this report recommends using an adaptive management approach in
implementing the goals.

o As part of adaptive management, progress on achieving the goals—as
measured by improved scientific understanding and practical experience
in subtidal habitat restoration and protection—should be reviewed and
evaluated in a report by 2020. The goals can then be modified as needed.
Interim updates on particular topics can be provided within 10 years, and
discussed at regional forums and conferences.

Establishing the Goals

Goals for each of the subtidal habitats are based on the vision statement and
the following foundational science goals:

 Understand the value of the habitats

» Understand the interactions among habitats

» Understand the long-term prospects for subtidal habitats
« Develop mechanisms for adapting to climate change

Cross-Habitat Goals were also developed in response to four issues—invasive
species, oil spills, marine debris, and public access/awareness—that affect all
subtidal habitats:

« Minimize the impacts of aquatic invasive species on native subtidal
habitats in San Francisco Bay.

« Protect San Francisco Bay from both acute and chronic oil spills.

« Prevent and capture land or marine sources of trash before they enter
the bay.
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o Identify, prioritize, and remove large sources of marine debris from
intertidal and subtidal areas of the bay.

o Increase public awareness and foster support for subtidal habitat
protection.

Taking into account the extent of scientific understanding of each habitat each
goal was then vetted through a decision tree. That process led to establishing
specific habitat goals and actions in one of four broad directions:

« Enhancing, creating, or restoring particular habitats
« Protecting habitats

 Observing habitats, taking no action

« Eliminating habitats

Other key conclusions reached after vetting each habitat through the decision
tree include:

« Subtidal to intertidal mudflats support valued services and are under
various threats from human activities and climate change. Opportunities
for restoration are based on uncertain techniques, so this report
emphasizes protecting habitat and applying restoration methods
experimentally.

« Muddy soft-bottom habitat is essential for some species and probably
supports the most known ecosystem services of any habitat. Although it
is plentiful, several threats exist. However, there are few opportunities for
restoration, leading to an emphasis on protection.

« Sand bottom is used for sand mining, but little is known about its role
in non-extractive ecosystem services. This lack of knowledge leads to
a recommendation to protect existing sand resources while pursuing
research into the impacts of sand mining and the value of this habitat
type to species and ecosystem services.
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Rock outcrops support ecosystem services and are under threat, but
restoration would be logistically difficult and therefore unlikely; the

report thus recommends protection actions only.

Artificial structures support valued ecosystem services but also can
impair others. Since they are artificial, most of them cannot be considered
to be in short supply, nor are they under threat. Conversely, there is
interest in removing some of them, especially derelict structures no
longer in use, leading to an expansion of other more favored habitats.

Several habitats (e.g., eelgrass, oyster beds) have clear benefits in
supporting valued ecosystem services, although the degree of support is
uncertain. They are likely in short supply and under various threats, and
restoration has been successful at small scales. Therefore restoration goals
are the principal focus for these habitats, although protection goals are
also necessary.

Algal beds support ecosystem services (although at a small scale), but
they can also be nuisances under some conditions. Because it is unknown
whether and which species of algal beds are under threat or in short
supply, the decision tree process led to identifying research goals only.

The water column forms the background for all of the other habitats. It
supports all ecosystem services. Its existence is not threatened, but water
quality could become degraded. However, as discussed in Chapter 3,
water quality is the province of various agencies and is not addressed in
this project.
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Habitat Snapshots

Science, protection, and restoration goals were developed for the following six
subtidal habitats:

1. Soft Substrate. More than 90% of the estuary’s bottom is composed of
particles small enough to be moved by tidal currents. Soft-bottom habitat
includes the soft substrate, organisms living on or within the substrate,
and the overlying water column. This habitat is threatened by construction
activities, deposition of material from dredging and sand mining, wakes
from ships and ferries, and a variety of contaminants, including some
toxic “hot spots.” Soft-bottom habitat may also be threatened by an overall
decrease in sediment supply from upstream, and by sea-level rise. The
report therefore recommends that the quality of this habitat be improved
and that it be managed properly.

2. Rock. Relatively little hard substrate occurs naturally in the estuary. Rock
habitat encompasses boulders to bedrock; i.e., rock that is not normally
moved by currents. Shellfish beds and some algal beds are a subset of
rock habitat. This habitat is threatened by blasting for navigational safety,
colonization by invasive species, possibly by sediment deposition, and
in the case of intertidal rock, from oil spills and trampling. While rock
habitats support valued ecosystem services and are in short supply in
the estuary, restoration seems impractical. The Subtidal Goals Project
recommends protecting and managing rock habitat from being removed
for vessel traffic and damaged by public access, and enhancing it by
removing invasive species and debris. It also recommends improving
scientific understanding of the ecosystem services this habitat provides

and the species that use it.

3. Artificial Structures. Artificial structures are found throughout the estuary
and include a wide variety of human-built objects designed to protect
shorelines and shoreline structures and for transportation, recreation, and
more recently, restoration (oyster shell and artificial reefs). While artificial
structures support some valued ecosystem services, they are not in short
supply, and they can have some detrimental effects. The Subtidal Goals

Project recommends further study of the advantages and disadvantages
e of removing abandoned pier pilings, and if removal is decided upon, that

- it be done using an adaptive management approach. It also recommends

Artificial Structures using a pilot project approach, and if creosote pilings are removed,
providing eelgrass as a substitute substrate for attracting spawning
herring. Goals for artificial structures focus on protecting the habitat
values of existing actively-used structures, removing and preventing
structures that harm the subtidal system, and improving understanding
of the role of these structures in the subtidal system.
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4. Shellfish Beds. Hard-bottom shellfish beds are locations where a shellfish
species occupies more than 50% of an area of more than a few square
meters. Five species of shellfish occur in San Francisco Bay: native
Olympia oysters, California mussels, hybridized Bay mussels, and
non-native ribbed horsemussel and green bagmussels (the latter two
are not considered in this report). Small populations of the non-native
Pacific oyster are found in the South Bay, where eradication efforts are
underway. The Olympia oyster is the most abundant and the only species

that is a native confined to estuaries. Numerous individuals have been
found on hard substrates in the Central Bay and to a lesser extent in San
Pablo and the South Bays. Native oysters are threatened by high rates

of sedimentation and extended periods of low salinity. Human-induced
threats include water pollution, boating, shipping, and dredging, which
can disrupt oyster beds or cause sediment to smother the beds. The
Subtidal Goals Project recommends building upon the demonstration
oyster restoration work that has been performed to date, and moving
toward larger-scaled pilot projects while focusing on knowledge gained
in the process (adaptive management). Goals for shellfish beds include
protecting existing native oyster beds, creating and enhancing additional
beds, and improving scientific understanding of ecosystem services,
factors influencing the beds, and restoration methods.

5. Submerged Aquatic Vegetation. The term “submerged aquatic vegetation”
(SAV) refers to all underwater flowering plants. In the San Francisco
Estuary, SAV includes sago pondweed (Stuckenia pectinata, formerly
Potamogeton pectinatus), eelgrass (Zostera marina), and other species of
seagrass, including the surfgrasses (Phyllospadix torreyi and P. scouleri),
and widgeongrass (Ruppia maritima). Several freshwater plant species,
mostly introduced, are found mainly in the delta (e.g., the Brazilian
waterweed Egeria densa, an invasive nuisance species) and are outside

y. of the geographic scope of this project. In San Francisco Bay, eelgrass

Submerged Aquatic Vegetation is much more extensive than other SAV, and its role and restoration

potential are understood better than for other SAV (Appendix 8-1). The
largest eelgrass beds in the estuary are in shallow subtidal regions of San
Pablo Bay and Richardson Bay, with smaller beds scattered in shallow

areas mainly between Carquinez Strait and Hayward. The largest bed

in the bay is located between Point San Pablo and Point Pinole, and
contains about half of the total acreage. Threats to SAV in San Francisco
Bay include activities associated with shipping and boating, which can
disrupt seagrass beds directly through destruction of plants by boat
propellers, anchors and anchor chains, dredging, and construction of
facilities (e.g., docks, harbors, breakwaters, ports). Indirect effects arise
through increased suspended sediments due to dredging and boat wakes,
or shading from structures such as docks. Hardening of the shoreline can
reflect waves, increasing wave action and limiting or destroying beds.
Most of these threats apply to eelgrass in the San Francisco Estuary but
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Macroa

Igal Beds

are focused in localized areas. Impacts from dredging seem to have a
limited spatial and temporal effect; damage from boat anchors, shoreline
development, and ship wakes is also likely to be localized. Oil spills can
inundate and smother eelgrass beds, particularly those in the intertidal or
shallow subtidal zones. Eelgrass beds may respond to rising sea level by
establishing closer to the present-day shoreline and dying out at greater
depths. The dwindling sediment supply to the estuary may decrease
turbidity, allowing eelgrass to grow at greater depths but possibly also
promoting competing blooms of phytoplankton.

The restricted extent of eelgrass beds may limit their support of valued
ecosystem services. Restoration has been demonstrated to be feasible
although questions remain about the anticipated trajectory of restoration
and associated response of ecosystem functions and services. Restoration
is warranted for eelgrass beds, but should be done within an experimental
framework.

. Macroalgal Beds. Four species of macroalgae— Ulva spp., Gracilaria

pacifica, Fucus gardneri, and the introduced Sargassum muticum—are
sufficient to create beds in the estuary; however, their distribution and
extent is poorly known. Macroalgae provide a suitable food source for

a variety of grazers, predominantly macroinvertebrates. Water birds use
it to line their nests. The beach wrack produced by macroalgae is an
important food source for invertebrates living in beaches, mudflats, and
marshes: they in turn provide food for shorebirds and other species along
the shore. There have been few reports of nuisance blooms of macroalgae
in the bay, although this could change if turbidity decreases. Intertidal
algal beds are vulnerable to trampling and recreational harvesting as

well as oil spills and dispersants. Because it is unclear whether additional
macroalgal beds would be beneficial in the bay or that they are in short
supply, and because it is difficult to distinguish algal beds that support
ecosystem services from those that interfere with them, the Subtidal
Goals Project recommends that additional research be performed and
existing macroalgal beds protected.




The Science Goals'

Three key principles governed the establishment of science goals for subtidal
habitats:

o Acknowledge key gaps in the knowledge needed for decisions about
the value of restoration, and for effective protection and restoration.
Substantial gaps are addressed by the following research questions:

Which ecosystem services do the target habitats support, and how?

What is the relationship between quantity of the habitat and the amount or
value of those ecosystem services?

What interactions (conflicts or synergies) are likely among those services or
the ecosystem processes that produce them?

What are the threats to various habitats or the species using them?

What actions would enhance or diminish the amount or value of ecosystem
services?

o Take a broad, long-term perspective. The goals should account for both
long-term change in the estuary and spatial patterns at all scales. Research
that informs managers about future conditions and applies broadly across
the estuary should take the highest priority.

 Acknowledge and allow for limitations on gathering knowledge. The
science goals should be achievable in a reasonable time and realistic
as to the likely outcomes. Conducting research on subtidal habitats is
difficult, particularly so in turbid estuaries where these habitats are largely
invisible. These limitations should be acknowledged in determining
research priorities and sequencing, and in setting expectations for the
information needed for restoration and protection.

1. This summary presents the broadest level goals. More detailed, specific objectives and actions can be found
in the report.
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SCIENCE GOALS

Soft Substrate

Understand the extent of ecosystem services provided by soft-bottom habitats.

Understand the threats to mudflats and other soft-bottom habitats.

Determine suitable methods for protecting mudflats and beaches.

Understand the magnitude of the ecological risks posed by contaminants bound to the
sediments.

Rock Habitats

Understand the ecosystem services provided by rock habitat and the species dependent on
them.

Understand the ecosystem services provided by restored rock habitat.

Artificial Structures

Understand how artificial structures generally affect the estuarine ecosystem.

Determine the roles of individual artificial structures proposed for removal.

Shellfish Beds

Understand the ecosystem services the shellfish beds support, and in what quantities, in their
current state and after restoration.

Understand the factors controlling the development and persistence of oyster and other
shellfish beds.

Develop the most effective ways of restoring and protecting oyster beds.

Submerged Aquatic Vegetation (SAV)

Understand the ecosystem services the eelgrass beds support, and in what quantities, in their
current state and after restoration.

Understand the factors controlling the development and persistence of eelgrass beds.

Develop the most effective ways of restoring and protecting eelgrass beds.

Assess the status and distribution of other SAV.

Macroalgal Beds

Understand the roles of macroalgal beds of different species in providing ecosystem services
or interfering with services provided by other habitats.

Understand changes in the extent or condition of macroalgae.
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The Protection Goals

Protection goals for each of the habitat types focus on preserving existing
habitat. When information about specific threats to each habitat was available,
more detailed protection objectives and actions were included.

The resource management committee prioritized stressors that can degrade
or otherwise influence subtidal habitats, and the administrative core group
conducted an exercise to compare severity, scope, and irreversibility of these
stressors against each subtidal habitat type (see Appendix 1-1). This exercise
resulted in the following key conclusions:

« Bottom disturbance is a stressor of concern across several habitats.

 Placement of artificial structures is a potential stressor of concern for the
shellfish and submerged aquatic vegetation “living” habitats.

o Eelgrass habitat has multiple stressors of concern.

« Contaminants are a stressor of concern for soft substrate, especially
mud habitat.

This was the starting framework for developing protection goals. This informa-
tion was then further developed by science advisor Dr. Wim Kimmerer and

the science committee (see Appendix 1-1) and incorporated into conceptual
models for each habitat. Those models more fully describe the functions of and
threats to the habitats and form the basis for all of the goals for each habitat
type in Chapters 4-9.
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PROTECTION GOALS

Soft Substrate

Consider the potential ecological effects of contaminated sediments when developing,
planning, designing, and constructing restoration projects or other projects that disturb
sediments.

Promote no net increase in disturbance to San Francisco Bay soft bottom habitat.

Promote no net loss to San Francisco Bay subtidal and intertidal sand habitats.

Develop a coordinated, collaborative approach for regional sediment management for San
Francisco Bay.

Rock Habitats

Promote no net loss of natural intertidal and subtidal rock habitats in San Francisco Bay.

Artificial Structures

Enhance and protect habitat functions and the historical value of artificial structures in San
Francisco Bay.

Improve San Francisco Bay subtidal habitats by minimizing placement of artificial structures
that are detrimental to subtidal habitat function.

Shellfish Beds

Protect San Francisco Bay native shellfish habitats (particularly native oyster Ostrea lurida)
through no net loss to existing habitat.

Protect areas in San Francisco Bay with potential for future shellfish expansion, restoration,
or creation.

Submerged Aquatic Vegetation (SAV)

Protect existing eelgrass habitat in San Francisco Bay through no net loss to existing beds.

Establish eelgrass reserves.

Identify and protect areas in San Francisco Bay for future eelgrass expansion, restoration, or
creation.

Protect existing widgeon grass habitat in San Francisco Bay.

Protect existing sago pondweed habitat in San Francisco Bay.

Macroalgal Beds

Protect San Francisco Bay Fucus beds through no net loss to existing beds.

Protect San Francisco Bay Gracilaria beds through no net loss to existing beds.
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The Restoration Goals

Restoration should be In this report, the term “restoration” includes creating, enhancing, remediating,
targeted to locations and and rehabilitating habitat. The restoration goals are not meant to return
situations where long-termn~ subtidal habitats in San Francisco Bay to conditions that may have existed in
success is most likely. the past. Rather, they are meant to improve upon conditions that exist today,
with restoration targets based on what is known about ecosystem services pro-
vided by habitats, limiting factors, and the potential for habitats to be created
or enhanced within the bay. Restoration should also be designed for the
long term, and planning must therefore account for expected long-term
changes. Restoration should be targeted to locations and situations where
long-term success is most likely. This report recommends developing a better
understanding of the likely success of restoration in particular areas, the local
processes and conditions as they may affect the habitat, and the present and
future threats.

RESTORATION GOALS

Soft Substrate

Encourage the application of sustainable techniques in sand habitat replenishment or
restoration projects.

Encourage removal of artificial structures that have negative impacts on soft bottom
habitat function.

Rock Habitats

Restore and maintain natural intertidal and subtidal rock habitats in San Francisco Bay.

Artificial Structures

Where feasible, remove artificial structures from San Francisco Bay that have negative or
minimal beneficial habitat functions.

Promote pilot projects to remove artificial structures and creosote pilings at targeted sites
in combination with a living shoreline restoration design that will use natural bioengineering
techniques (such as native oyster reefs, stone sills, and eelgrass plantings) to replace lost
habitat structure.

Increase native oyster populations in San Francisco Bay within 8,000 acres of potential
suitable subtidal area over a 50-year time frame through a phased approach conducted within
a framework of adaptive management.

Submerged Aquatic Vegetation (SAV)

Increase native eelgrass populations in San Francisco Bay within 8,000 acres of suitable
subtidal/intertidal area over a 50-year time frame using a phased approach under a program
of adaptive management.
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Integrating subtidal
restoration with tidal
wetland projects helps
protect the enormous
investment that has
been made in restoring
tidal wetlands around
the bay.
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Integrating Subtidal Habitat
Restoration with Other Habitats

Most of the habitat restoration projects implemented in and around San
Francisco Bay in the last 40 years have focused on single habitat types such as
marshes and riparian zones. Yet integrating restoration of subtidal and nearby
marsh and upland habitats may provide greater ecological benefits and cost
savings, help ameliorate habitat fragmentation, and help protect shorelines
from climate change impacts, including sea level rise. Integrating subtidal res-
toration with tidal wetland restoration projects whenever possible thus helps
protect the enormous investment that has been made over the past several
decades in tidal wetlands around the bay.

One means to integrate them is through living shorelines. Living shorelines
utilize a suite of bank stabilization and habitat restoration techniques to rein-
force the shoreline, minimize coastal erosion, and maintain coastal processes
while protecting, restoring, enhancing, and creating natural habitat for fish and
aquatic plants and wildlife. This technique coined the term because it provides

Tree Zone  High Marsh

Intertidal Mudflats Rocky Intertidal Subtidal Mudilats Subtidal Deep Subtidal
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“living space” for estuarine and coastal organisms, accomplished by the strate-
gic placement of native vegetation, sand fill, organic materials, and reinforcing
rock or shell for native plants and animals to settle on.

The decision tree used for vetting goals for the other habitat types (see
Chapter 2) provides no guidance for integrating subtidal habitats with marshes
and riparian habitats or for establishing living shorelines. The Subtidal Goals
Project therefore suggests using an adaptive management approach to imple-
menting pilot restoration projects that integrate subtidal habitat with other
habitat types.

HABITAT INTEGRATION SCIENCE GOALS

Understand the ecosystem services supported by marsh-subtidal integration and living
shorelines, and in what quantities.

Develop best practices for integrating subtidal restoration with adjacent wetlands.

Develop best practices for pilot projects to develop living shorelines.

HABITAT INTEGRATION RESTORATION GOALS

Explore the integration of upland, intertidal, and subtidal habitats in San Francisco Bay.

Integrate habitat flexibility to increase resilience in the face of long-term change at habitat
restoration sites around the bay.

Explore the use of living shoreline projects as a way to achieve multiple benefits in future
shoreline restoration.




Potential Future Regulatory Actions for Subtidal Habitat

Several agencies regulate activities within the subtidal area of the bay. Some
are focused on species protection, fisheries management, or water quality.
Others have a broader habitat focus, while others must balance ecosystem and
development needs. In reviewing these goals, some agencies may determine

it prudent to take regulatory action through their existing authorities or to
expand their current authorities through legislation or regulation changes. In
either case, agencies must utilize existing public rule making processes. While
regulatory measures would likely reduce impacts to the subtidal habitats, more
research about these habitats is needed. As research is completed to better
understand the functions and ecosystem services of subtidal habitats, informa-
tion gained should directly inform management actions. In the interim, the
Subtidal Goals Project recommends using a precautionary approach in manag-
ing subtidal habitats.

Implementing the Goals

To implement the goals, consistent and enduring support will be needed from

a wide variety of stakeholders and yet may be difficult to secure, given political
changes, staft turnover, budget fluctuations, and shifts in priorities. Successful
implementation of the goals will require an entity or entities charged with raising
funds and overseeing the realization of the goals in this document and the process
of adaptive management necessary to realize the ecosystem benefits envisioned by
this program. Implementation will require organizing stakeholders, identifying
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A NOTE ON
THE APPENDICES

Multiple reports informed the
planning process for the Subtidal
Goals Project. Because they

are voluminous, the appendices
are available on disk inside the
report’s back cover, and on-line

at www.sfbaysubtidal.org.

owners of subtidal parcels, monitoring and tracking restoration projects,
reviewing and reporting on knowledge gained and on progress in implement-
ing the goals, revising the goals as needed, and educating the public about
subtidal habitat in the estuary. This implementing entity might be an existing
organization, a collaborative partnership among several agencies, or a new
entity (such as a Joint Powers Authority or special district) created for

this purpose.

The Subtidal Goals Project recommends that the lead entity (or entities) estab-
lish a Bay Area Subtidal Habitat Forum (Forum) to engage a broad network of
agencies and partners who will participate in implementing subtidal habitat
research, protection, and restoration goals. This Forum, made up of local, state,
and federal agencies, academic institutions, non-profits, businesses, and indus-
try, would increase regional coordination, collaborative planning, and support
for and awareness of subtidal protection and restoration. The Forum should

be charged with leading adaptive management and ensuring progress is being
made towards the goals in this document.

Thoughtful planning must be put into the process by which the Forum is con-
stituted, including determining how leadership is selected, which members
should be included for participation and how they will be selected, what oper-
ating practices should be adopted, which agency staft resources will be pro-
vided, and what additional funding or resources are needed and where those
resources will come from. Existing successful regional partnerships such as
the San Francisco Bay Joint Venture and the Southern California Wetlands
Recovery Project provide models for such a Forum.

The San Francisco Bay regulatory, agency, and environmental communities have
an impressive record of taking bold and innovative actions to protect estuarine
habitats and encourage public involvement. Making the goals set forth in this
report a reality will take similar bold, sustained, and innovative efforts. The goals
offer measurable objectives and actions that when implemented, will improve
San Francisco Bay subtidal habitats. We hope you will join us in embracing

the principles and recommendations included in this plan and look forward to
working with a diverse group of stakeholders on implementing the goals.
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Pacific herring (shown here in kelp)
use eelgrass beds as a spawning
substrate in San Francisco Bay.

HIS SAN FRANCISCO BAY SUBTIDAL HABITAT GOALS REPORT is

designed to give resource managers, regulatory agencies, environmental

groups, researchers, industry, and anyone interested in this important
bay habitat the basic information they need to plan conservation, restoration,
research, and management activities related to subtidal habitat in the San
Francisco estuary.

As defined here, subtidal habitat includes all of the submerged area beneath the
bay water’s surface: mud, shell, sand, rocks, artificial structures, shellfish beds,
submerged aquatic vegetation, macroalgal beds, and the water column above
the bay bottom.

The Need for a Subtidal Goals Project

In the past several decades, with the goal of improving the San Francisco Bay
ecosystem, resource agencies and environmental groups have made enormous
efforts—many are completed or underway, and others still in the planning
stages—to restore the wetlands at the bay’s edges, the streams and riparian
areas throughout its watersheds, and, more recently, the remaining open spaces
of its uplands. Much of this effort has focused on restoring tidal wetlands.
However, most wetland restoration projects to date have not been designed
with subtidal resources in mind, despite the fact that subtidal areas are
intrinsically connected to mudflats, wetlands, creeks, and uplands. Until very
recently the area beneath the bay’s surface was “out of sight, out of mind”—
unless obstacles needed to be removed or channels dredged to ensure safe
passage for ships, or when sand, shell, or mud were needed for construction
and other human activities.

Government agencies with authority for managing the estuary lack sufficient
information about subtidal habitats in the bay to inform management
decisions. Although a tremendous amount of scientific information is available
from research and monitoring in the bay, little of it is useful in making
decisions about specific proposals for development or restoration as they relate
to subtidal habitat. Part of the reason for this shortfall is that subtidal habitats



are usually invisible in the bay’s turbid waters, and most sampling methods
cannot provide detailed information about the location and condition of the
various habitats. Furthermore, relatively little research has been conducted that
would provide key support for the Subtidal Goals Project on the extent and
value of the ecosystem services provided by each habitat, and the threats those
habitats face—information that is needed to protect and restore these habitats.
Equally important is the need to learn more about the functions of these
habitats, how they respond to environmental change, and how to protect and
enhance them.

A number of ongoing planning efforts successfully address various aspects
of natural resource conservation in the San Francisco Bay region (see

box for a list of other such planning efforts). Many of these planning

efforts address components of subtidal habitats from different planning or
regulatory perspectives, depending on the entities involved in the efforts
and their individual mandates and authorities. The Subtidal Goals Project

is the first effort to focus on all subtidal habitats within San Francisco Bay.
Implementation of the goals presented here is intended to build upon and
complement existing efforts. In particular, the perspective of the Subtidal Goals
Project is physical habitat rather than protection or enhancement of species,
which is the purview of agencies implementing federal or state Endangered
Species Acts or regulating collection and harvest.

OTHER PLANNING EFFORTS RELATED TO SUBTIDAL HABITAT

Bay Delta Conservation Plan (http://baydeltaconservationplan.com/default.aspx)

Baylands Ecosystem Habitat Goals Project (http://www.sfei.org/)
Comprehensive Conservation and Management Plan (www.sfestuary.org)

Humboldt Bay Subtidal Goals Project (http://groups.ucanr.org/HumboldtHabitatGoals/)

North Richmond Shoreline:A Community Vision (http://www.restorationdesigngroup.com/
docs/NorthRichmondShorelineVision.pdf)

Regional Boards Basin Plan (http://www.waterboards.ca.gov/sanfranciscobay/basin_planning.
shtml#2004basinplan)

Regional Monitoring Plan (http://www.sfei.org/rmp/)

Richardson Bay Plan (http://www.tiburonaudubon.org/conserve planning.html)
Richardson Bay Special Area Plan (http://www.bcdc.ca.gov/laws plans/plans/plans.shtml)
San Francisco Bay Plan (http://www.bcdc.ca.gov/laws plans/plans/sfbay plan.shtml)

Uplands Habitat Goals Project (http://www.uplandhabitatgoals.org/)

Long Term Management for Disposal of Dredged Material in San Francisco Bay (http://www.
bedc.ca.gov/dredging/ltms/ltms _program.shtml)

Dredged Materials Management Office (http://www.spn.usace.army.mil/conops/dmmo.htm)
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Above and below the surface of the bay (near the Tiburon Peninsula).

Vision Statement

The vision of the Subtidal Goals Project is to achieve, over the next 50

years, a net improvement of the San Francisco Bay’s subtidal ecosystem
through science-based protection and restoration of habitats. To achieve this
improvement, the Subtidal Goals Project proposes:

« Increasing the quantity of desired but currently limited habitats;
« Emphasizing support of native species;

« Increasing our understanding of the physical and biological processes
that affect subtidal habitats and the use of these habitats by species.

Neither a policy nor regulatory document, this report offers guidance on
opportunities for subtidal restoration and protection. Implementation will
occur through a number of avenues: local governments may incorporate these
recommendations into their planning processes and documents, non-profits
may use them when seeking funding for restoration or management projects,
and researchers may wish to refer to the report when setting priorities.
Regulatory agencies may use this report to evaluate, revise, or implement
their policies.

New policies or modifications to existing policies proposed on the basis of
this report will require a separate process in which each agency will analyze
recommended policies in the context of their existing authorities and public
input process.
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San Francisco State University
researchers monitor the eelgrass bed
at Point Orient on the Richmond
shoreline.

Planning Framework and Approach

The Subtidal Goals Project is a collaboration among the San Francisco Bay
Conservation and Development Commission (BCDC), California Ocean
Protection Council (OPC)/California State Coastal Conservancy (SCC),
National Oceanic and Atmospheric Administration (NOAA) and the San
Francisco Estuary Partnership (SFEP). Lead staff from those agencies worked
with the broader scientific community, managers, restoration practitioners, and
stakeholders over several years to develop the goals set forth in this document.
See Appendix 1-1 for details on project methods and participant roles.

The Goals Project was inspired by the 1999 Baylands Ecosystem Habitat
Goals report (Figure 1-1), which set a bold vision for restoring 100,000 acres
of wetlands and related habitats around the bay that have resulted in 13,000
acres of newly restored habitat, with an additional 40,000 acres acquired and
in various stages of restoration planning. The Subtidal Goals Project also takes
a bay-wide approach in setting science-based goals for maintaining a healthy,
productive, and resilient ecosystem. Where possible, these subtidal goals are
designed to connect with intertidal habitats and with goals developed by other
projects, including goals for baylands and uplands habitats. Unlike in the
Baylands Goals effort, however, historical information about subtidal habitat
is lacking. Thus the goals set forth in this document do not attempt to restore
the bay to historic conditions but are designed to improve the condition of
the subtidal ecosystem. The baseline for the project is 2010, and the planning
horizon is 50 years.

4+ San Francisco Bay Subtidal Habitat Goals Report



Martinez

Pinole

San Francisco Bay Subtidal Habitats
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Figure I-1: Map of Subtidal Habitat Goals aligned with Baylands Ecosytem Habitat Goals
segments (represented by letters), extended to three depth categories: 10, or less, 30 or less,
and 30' and greater.
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FREQUENTLY USED
TERMS

Ecosystem: a dynamic
complex of plant, animal, and
microorganism communities
and the nonliving environment,
interacting as a functional unit.
A well-defined ecosystem

has strong interactions

among its components and
weak interactions across its
boundaries.

Habitat: As used by

ecologists, “habitat” refers

to a combination of physical,
chemical, and biological
conditions that supports a
population of some species.

In this document it is used to
distinguish among areas of the
estuary mainly on the basis of
physical configuration, under the
assumption that suitable physical
conditions will support desirable
ecological functions or species.

Intertidal zone:The area that
is exposed to the air at low tide
and underwater at high tide (for
example, the area between tide
marks).This area can include
many different types of habitats,
including rocky areas, sandy
beaches, or wetlands (e.g., vast
mudflats).

Restoration: Restoration

is defined as actions taken

in a converted or degraded
natural habitat that result

in the reestablishment of
ecological processes, functions,
and biotic/abiotic linkages and
lead to a persistent, resilient
system integrated within its
ecological landscape. For the
Subtidal Goals Project, the term
“restoration” is also meant to
include actions such as creating,
enhancing, remediating, and
rehabilitating.

Subtidal habitat: all of the
submerged area in the estuary.

For more definitions, please see
the Glossary, Appendix |-4.

How the lead agencies will use this report

NOAA, BCDC, SFEP, SCC, and OPC each have different authorities, mandates,
and policies regarding conservation and management of subtidal habitats. As
such, each agency may choose to use this document in different ways.

« While this document does not supersede or change NOAA authorities or
mandates, NOAA staff may reference information in this document when
implementing consultations pursuant to the Endangered Species Act and
the Essential Fish Habitat provisions of the Magnuson-Steven Fishery
Conservation and Management Act.

o NOAA may reference this document when evaluating research priorities
both for NOAA Science Centers and other scientific entities.

o The NOAA Restoration Center may use this document to help prioritize
restoration projects for funding and support.

« San Francisco Bay Conservation and Development Commission staff
may use this document as background material when considering future
revisions to the San Francisco Bay Plan and may reference this document
when evaluating proposed projects under BCDC'’s existing regulatory
authority over development in and around San Francisco Bay.

« The San Francisco Estuary Partnership may reference information in
this document when implementing the Comprehensive Conservation
and Management Plan for San Francisco Bay, in seeking federal dollars
for San Francisco Bay conservation, and in selecting restoration and/or
research projects to fund.

« The State Coastal Conservancy may use this document to identify
acquisition opportunities, prioritize conservation and strategic planning,
and develop restoration projects to support and fund. The Ocean
Protection Council may utilize the document in making decisions and
prioritizing research areas, especially as they relate to issues of land-sea
interface interactions, ecosystem research, and climate change planning.

Background

San Francisco Bay is one of the largest and most important estuaries on the
West Coast, both for the habitat it provides for fish and wildlife and for the
many benefits and opportunities it offers people. Its natural beauty gives the
Bay Area the iconic identity for which it is known throughout the world, while
its waters ensure an enviable climate and quality of life for over 7.5 million
residents. The bay provides numerous benefits to humans known as “ecosystem
services” (see sidebar and Table 1-1). Many residents commute across the

bay on ferries, or enjoy it while boating, fishing, swimming, windsurfing,

and birding in and around its waters. Visitors from around the country

and world are drawn to San Francisco Bay as well: in 2009, the City of San
Francisco hosted over 15 million visitors, adding some $8 billion to the Bay
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Table |-1:Subtidal Habitat Ecosystem Services

Through successful implementation of the subtidal goals and vision,
the Subtidal Goals Project hopes to sustain and improve upon the
ecosystem services and functions provided by subtidal habitat.

SAV beds
(submerged
aquatic
Soft Artificial | Shellfish | vegetation | Macro- Water
substrate Rock substrate beds beds) algal beds | column

PROVISIONING SERVICES:
products obtained from the ecosystem such as food (e.g. fishing), fiber, fuel or materials (e.g. sand)
Commercial harvest (i.e., fishing) ° ° ° ° ° °
Sand and shell mining °
Shipping and ports ° °
Marinas ° °
REGULATING SERVICES:

benefits obtained through ecosystem processes (e.g., maintenance of air and water quality, erosion control,
climate regulation, storm protection)

Clean water ° ° ° ° °
Shoreline protection ° ° ° ° °
CULTURAL SERVICES:

nonmaterial benefits from spiritual enrichment, reflection, recreation, and aesthetic experiences
(e.g., cultural diversity, educational values, inspiration, sense of place, recreation and ecotourism)

Diversity of ecosystem ° ° ° ° ) ) )
Inspiration for art, folklore, national

symbols, architecture ° ° ° ¢ ¢ ¢ ¢
Aesthetics ° ° ° ° ° °
Sense of place ° ° ° ° ° °
Recreation—wildlife viewing ° ° ° ° ° ° °
Recreation—harvest ° ° ° ° ° °
Recreation—boat use °
Recreation—shoreline/beach use ° ° ° °
Ecotourism ° ° ° °

SUPPORTING SERVICES:
indirect services, or those that occur over long periods of time, that are necessary for the production of all other ecosystem
services (e.g., production of oxygen through photosynthesis, primary production, nutrient cycling, water cycling)

Primary production ° ° ° °
Nutrient cycling ° ° ° ° °
Biodiversity ° ° ° ° ° ° °
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Above left: Dozens of private and
public boats join the Queen Mary Il
as it enters San Francisco Bay. Above
right: Shorebirds forage on intertidal
and subtidal mudflats.

Native Olympia oysters attach
themselves to Pacific oyster shells,
which are used as a substrate for
restoration projects.

Herring roe spawn on restored native
oyster reefs in San Rafael.

Area economy. The bay is also a busy center of commerce: cargo ships and
tankers from around the Pacific Rim depend on its ports and infrastructure.
Approximately two million tons of sand are mined from subtidal areas each
year for use in construction. Historical oyster shell deposits are mined for
livestock and chicken feed, soil conditioner, and as a dietary supplement for
human consumption.

The bay also supports a variety of “indirect” ecosystem services including
nutrient cycling, climate regulation, flood protection, water quality

maintenance, and sediment transport. For more information on these uses and
benefits of the bay, please refer to Appendix 1-2, the San Francisco Bay Subtidal
Economic Evaluation Final Report.

In addition to offering these aesthetic, economic, and recreational values, the
bay supports a critical food web. Herring and Dungeness crab, among many
other species of fish and shellfish, rear in its waters while sturgeon, salmon,
and steelhead feed and rest in the bay during their migrations to and from its
rivers and streams and the ocean. Its vast open water, sloughs, rivers, streams,
and tidelands host millions of migratory birds every year as they move up and
down the Pacific Flyway, as well as provide habitat for numerous resident water,
shore, and song birds. The bay also provides important habitat for marine
mammals, shellfish, and aquatic invertebrates—the smaller, often unseen but
important inhabitants of the estuarine ecosystem.

Subtidal habitat is a critical piece of this ecosystem. Although this hidden
underbelly of the bay is often thought of as a featureless mud bottom, it
includes a suite of unique habitats: sand waves more than three meters high;
eelgrass and shellfish beds that act as ecosystem engineers and provide
substrate for organisms to attach their eggs to and food resources for species
such as herring and salmon; rocky outcrops covered in seaweeds and
invertebrates; and mixed sediments in shoals and channel banks that are
used by a variety of species. Many shellfish, macro- and micro-invertebrates,
fish, marine mammals, diving ducks, and other wildlife feed, rest, hide, and
reproduce in these areas. Large populations of shorebirds feed on the estuary’s
subtidal and intertidal mudflats.
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The focus of this report is on preserving and restoring the bay’s subtidal
resources for their ecosystem functions and habitat values and for their
ecosystem services to humans (see Table 1-1). As such, while all of

the ecosystem services provided by San Francisco Bay subtidal habitats

are important, this report identifies a subset of ecosystem services that are
not directly extractive or destructive of those habitats. The vision statement
and goals presented herein were developed to support, maintain, and improve
upon this subset of ecosystem services for continued future benefit to Bay
Area residents.

Physical setting

The distribution of habitats within the estuary results from a combination of
geology, tidal and freshwater flows, currents, wind, biological activity, and
human activity. The geologic setting of the estuary includes two features that
are key to its shape and characteristics. First, this tectonically shaped estuary
bisects the Coast Range, resulting in areas where river flows during lower
stands of sea level carved out narrow, deep channels (Golden Gate, Raccoon
and Carquinez Straits) interspersed with broad regions (e.g., South Bay, San
Pablo Bay) where the estuary spreads into extensive shallow shoals. Second,
the estuary’s watershed includes 40% of the area of California and some of
the state’s highest terrain in the Sierra Nevada, providing the fresh water to
establish a salinity gradient, and sediment that allows shoals to form (and
keeps the bay turbid). The sediment pulse resulting from hydraulic mining
in the late 19th century caused over a meter of shoaling in some areas of the
estuary, and has yet to fully dissipate; when it does, the ensuing sediment
shortage due to trapping behind dams in the Sierra foothills may cause erosion
of valued habitats.

The estuary is comprised of the Sacramento-San Joaquin Delta, Suisun Marsh,
and four basins linked through passes or over shoals (Figure 1-2). All of the
basins have shallow areas with mud to sand bottom, and deeper channels with
mainly sand bottom. All have mean depths of 5m or less, except the Central Bay,
which has an average depth of 12m. Shorelines vary from armored revetments
to beaches to marsh, and all basins adjoin mainly urban and industrial areas.
Tidal currents are strong in many parts of the estuary, particularly the narrower
sections where the estuary penetrates the Coast Range at the Golden Gate and
Carquinez Strait. Wind is also strong, especially during summer and east of gaps
in the Coast Range. Wind-driven waves re-suspend sediments and increase
turbidity locally. Salinity varies from oceanic values near the Golden Gate to
freshwater values in the northern estuary, typically in Suisun Bay or the western
delta depending on freshwater flow from the delta.

Suisun Bay is the easternmost of the estuary’s large basins. In the north are
Grizzly and Honker Bays, which link to Suisun Marsh, a network of channels
and sloughs adjacent to islands that are mostly managed as freshwater marshes
for waterfowl, with a small area of remnant natural brackish marshes. A deep
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New eelgrass shoots from a
transplant restoration project along
the San Rafael shoreline.

channel near the southern shore of Suisun Bay links the delta, to the east, to

Carquinez Strait to the west. A shallower channel to the north connects to
the main channel near Benicia and Pittsburg. Salinity is typically fresh in wet
winters and brackish in dry summers and is usually vertically unstratified.

San Pablo Bay is linked to Suisun Bay by Carquinez Strait, a narrow, sinuous
channel with maximum depth of about 40m. San Pablo Bay has a single deep
water channel and a broad shoal extending to the northwest. This is the only
basin with substantial agriculture along the shore. Several salt ponds have
been restored or are in planning for restoration to tidal wetlands or enhanced
managed ponds along the northern shore. Brackish tidal marshes adjoin San
Pablo Bay, including the San Pablo Bay National Wildlife Refuge and the
National Estuarine Research Reserve site at China Camp. Salinity can be fresh
during extreme floods but is typically near seawater salinity values in dry
summers, and is often stratified, especially during high-flow periods. This is an
important area for migratory shorebirds and ducks.

The Central Bay is the deepest basin, has the largest extent of rocky substrate,
including areas around islands and seamounts, and is the most influenced by
the coastal ocean. Much of the bottom is either rocky or sandy, with large sand
waves illustrating the strength of tidal currents in this region. The deepest
point is over 100m deep near the Golden Gate Bridge. The water here is the
saltiest in the bay (on average), with strong stratification present during high-
flow periods, and is the clearest of all the basins. This region is a crossroads

for shipping to and from the numerous bay ports, and the most popular for
water-based recreation such as sailing, because of the dependable winds, varied
conditions, and spectacular views. Central Bay has the most marine species
and probably the highest species diversity in the estuary.

Chapter One: Purpose of and Need for a Subtidal Habitat Goals Report * 11



Above: Sand dredger in San Francisco
Bay. Right: Maintenance dredging at
the Port of Richmond.

The South Bay is an isolated arm of the estuary. Its shoreline is mostly urban
and industrial, but in the far south numerous salt ponds adjoin the bay, some of
them slated for conversion to tidal wetlands or enhanced managed ponds. The
South Bay Salt Ponds Project is the largest tidal restoration project west of the
Mississippi. During high-flow periods, salinity in the South Bay is reduced by
brackish water from the Central Bay and fresh water from streams. During the
dry season, salinity in the South Bay becomes somewhat elevated because of
evaporation, and its only freshwater supply comes from wastewater treatment
plants. The South Bay is also an important area for shorebirds and water birds.

A changed estuary

In addition to historical impacts from gold-mining, humans have altered the
shape and size of the bay, converted shorelines from marsh to seawall, diverted
water from upstream rivers, preventing it from flowing into the estuary, added
innumerable structures to its edges and bottom, removed submerged rocks,
and plied the bay with ships, boats, trawls, and dredges.

Activities associated with fishing, marinas, shipping and ports, dredging, sand
and shell mining, transportation, recreation, and industry have all had impacts
on the bay’s subtidal habitat. Subtidal habitat is also threatened by invasions of
non-native species (as a result of human actions, most non-intentional), legacy
pollutants (such as mercury from gold mining and a variety of chemicals
formerly used in industry), and modern-day pollution from “point sources,”
such as industry and sewage treatment plants, as well as “non-point sources,”
such as the runoft from our streets and watersheds.

Since the Gold Rush, the bay has lost more than 90% of its historic tidal
wetlands. Filling of the shoreline and in the bay has shrunk the bay by almost a
third. This has caused a substantial (but unknown) loss of subtidal habitat. This
loss and degradation has decreased the value and extent of habitat for many
species. The biomass of wetland and subtidal vegetation and shellfish has been
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reduced; these resources likely provided copious food resources to humans
and animals alike in the past. The intricate matrix of wetland channels, with
their three-dimensional surfaces, has been filled in to build salt ponds, urban
landfills, airports, ports, and marinas. The resulting loss of habitat complexity
probably reduced the abundance of many types of estuarine and marine
organisms and the productivity of pelagic and benthic food webs. Yet despite
these changes and challenges,’ estuarine life persists.

Report Scope, Content, and Organization

The geographic scope of the Subtidal Goals Project is San Francisco Bay from
Sherman Island west to the southern extent of the bay and seaward to the
Golden Gate (Point Bonita to Point Lobos). Although the delta is not included
in the project scope, conditions in the delta and their relationship to subtidal
habitat in the bay are addressed in the sections on freshwater input and climate
change (Chapter 3). For the purposes of this project, “subtidal habitat” includes
all submerged areas of the bay.

This report describes six subtidal habitat types with maps showing their known
current distributions, and analyzes present-day threats to those habitats.

It presents recommendations for addressing those stressors, for advancing
scientific research and understanding, and for protecting and restoring subtidal
habitat within the constraints and challenges of an urbanized estuary and
incomplete knowledge. It also describes some of the pioneering efforts that
have taken place to restore subtidal habitat in the bay. Where appropriate, the
report includes discussion of certain intertidal habitats that are not addressed
by the Baylands Ecosystem Habitat Goals Project: intertidal mudflats, rocky
shorelines, sand beaches, and eelgrass and oyster beds.

Chapter 2 describes the considerations used in the planning decisions that
were made in setting the goals for subtidal habitat. Chapter 3 describes

both the foundational science goals and other goals that apply to all of the
habitat types. Descriptions of specific subtidal habitats and the science,
protection, and restoration goals for each of them are set forth in Chapters 4
through 9. Chapter 10 focuses on integrating subtidal planning with wetland
and shoreline planning, while Chapter 11 presents recommendations for
implementation of the goals. A companion document, NOAA’s August 2007
Report on the Subtidal Habitats and Associated Biological Taxa in San Francisco
Bay (http://www.swr.noaa.gov/hcd/HCD_webContent/nocal/SHABTinSFBay.
htm), summarizes existing information regarding subtidal habitats and species

use in San Francisco Bay.

1. For a more comprehensive description of human impacts on subtidal habitat since the time of European
settlement around the bay, see Appendix 1-3.
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The administrative core group held
multiple meetings with committee
members and stakeholders to discuss
Subtidal Goals development.

CHAPTERTWO

Planning Decisions and Considerations

HE SUBTIDAL GOALS PROJECT FOCUSES on habitats rather

than individual species (except for those habitats that are created

by a single species, e.g., eelgrass or oyster beds), an approach that
avoids prioritizing some species over others. The key decisions and planning
considerations described here were developed by the administrative core
group representing the lead agencies, with extensive input from all of the active
committees and consultants (see Appendix 1-1 for more information about
committee roles and processes). The following key decisions were made in
identifying goals for subtidal habitat:

« The geographic scope of the Subtidal Goals Project is San Francisco Bay
from Sherman Island west to the southern extent of the bay and seaward
to the Golden Gate (Point Bonita to Point Lobos). Although the delta
is not included in the project scope, conditions in the delta and their
relationship to subtidal habitat in the bay are addressed in the sections on
freshwater input and climate change (see Chapter 3).

o For the purposes of this project, “subtidal habitat” includes all submerged
areas of the bay. The project also includes certain intertidal habitats that
were not specifically addressed in the 1999 Baylands Ecosystem Goals
Report: intertidal mudflats, eelgrass, sand beaches, rocky intertidal and
subtidal areas, and artificial substrate.

o The report uses a precautionary approach, erring on the side of
conserving and protecting resources.

« Available information about existing conditions serves as a baseline.

o 'The goals build upon opportunities and information developed by
existing subtidal pilot projects, including in-the-water monitoring,
restoration, mitigation, and research projects in San Francisco Bay.

« This document avoids setting priorities among habitats; however,
restoration of some may result in conversion of others. For example, some

soft substrate may be lost or enhanced through restoration of eelgrass or
shellfish beds.

 Because there is a great deal of uncertainty about the functions and
value of subtidal habitats and the utility and likely success of restoration,



Eelgrass thrives in Raccoon Strait this report recommends using an adaptive management approach in
between Angel Island and the Tiburon

Peninsula.

implementing the goals. See discussion of adaptive management later in
this chapter.

« As part of adaptive management, progress on achieving the goals—as
measured by improved scientific understanding and practical experience
in subtidal habitat restoration and protection—should be reviewed and
evaluated in a report by 2020. The goals can then be modified as needed.
Interim updates on particular topics can potentially be provided within
10 years, and discussed at regional forums and conferences.

Rationale for Setting Goals

Goals for each of the subtidal habitats are based on the Vision Statement
described in Chapter 1 and the Foundational Science Goals described in
Chapter 3, taking into account the extent of scientific understanding of
each habitat. These specific habitat goals lead to actions in one of four broad
directions:

« Enhancing, creating, or restoring particular habitats
« Protecting habitats

« Observing habitats, taking no action

« Eliminating artificial habitats

This section describes the process that was used in choosing a course of action
for investigating, protecting, and restoring each habitat. The process began with
a determination that a given habitat is likely to provide some valued ecosystem
services, and then proceeded through a decision tree to determine the most
suitable course of action (Figure 2-1).
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HABITAT X

What does habitat do?
(Ecosystem Services)

Y

Threats or
Shortage
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Outcomes/Limits
of Restoration

Knowledge

v Infeasible 4 v
Goals for Goals for .
Restoration Protection Research No Action

Figure 2-1: Decision tree for the Subtidal Habitat Goals Project, illustrating the pathway
considered in the goal development process.

The decision tree helped decide which of these ecosystem services to
emphasize, and how far to go in taking protection or restoration actions

for a particular habitat. This process is not meant to be static. Improved
knowledge, including experience gained through progress toward achieving
the goals, and changes in the system will require revisiting these decisions
periodically. This can be done through a formal program of adaptive (i.e.,
experimental) management, discussed later in this chapter.

Vetting each habitat through Figure 2-1 led to the following conclusions (more
specific details are presented in Chapters 4-9):

« Subtidal shoals to intertidal mudflats support valued services and
are under various threats from human activities and climate change.
Opportunities for restoration are based on uncertain techniques, so this
report emphasizes protecting habitat and applying restoration methods
experimentally.

« Muddy soft-bottom habitat is essential for some species and probably
supports the most ecosystem services of any habitat. Although soft-

West Coast Native Oyster meetings
bring together researchers and
restoration practitioners working on Few opportunities exist to restore it, so protection goals are emphasized
native oyster projects in California, instead.

Oregon, and Washington.

bottom habitat is plentiful in the bay, it is threatened by various activities.

« Sand bottom is mined for sand, but little is known about its role in
non-extractive ecosystem services. This lack of knowledge leads to a
recommendation to protect existing sand resources while learning more
about the impacts of sand mining and the value of this habitat type to
species and the ecosystem services it provides.

« Rock outcrops support ecosystem services and are under threat, but
restoration would be logistically difficult and therefore unlikely, calling
for protection actions and research-based pilot restoration only.
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« Artificial structures support valued ecosystem services but also can
impair others. Since they are artificial, most of them cannot be considered
to be in short supply, nor are they under threat. Conversely, there is
interest in removing some of them, leading to an expansion of other more
favorable habitats.

o Several habitats (e.g., eelgrass, oyster beds) have clear benefits in
supporting valued ecosystem services, although the degree of support is
uncertain. They are likely in short supply and under various threats, and
restoration has been successful at small scales. Therefore restoration goals
are the principal focus for these habitats, although protection goals are
also necessary.

« Macroalgal beds support ecosystem services (although at a small scale),
but they can also be nuisances under some conditions. Because it is
unknown whether and which species of macroalgal beds are under threat
or in short supply, the decision tree process led to identifying research
goals only.

« The water column forms the background for all of the other habitats. It
supports all ecosystem services. Its existence is not threatened, but water
quality could become degraded. However, as discussed in Chapter 3,
water quality is the province of various agencies and is not addressed in
this project.

Considerations for Research

Three key principles govern the establishment of science goals for subtidal
habitats:

1. Acknowledge key gaps in the knowledge needed for effective protection
and restoration;

2. Take a broad, long-term perspective;
3. Acknowledge and allow for limitations on gathering knowledge.

Key knowledge gaps: These gaps include such fundamental information as the
spatial extent of some of the habitats and their functions in the ecosystem.
Filling these gaps will take time, but that should not delay actions to protect
habitats. Rather, restoration and protection should be designed and practiced
to allow for these gaps and to reduce either their size or their effect on
desired outcomes. In addition, research plans should address the most time-
critical knowledge gaps first, specifically in terms of how they will affect
meeting project goals through protection and restoration activities. These key
knowledge gaps are set forth below as questions.

Which ecosystem services do the target habitats support, and how?

Graduate students monitor
eelgrass beds.

This is a relatively straightforward question that can be answered by
considering the conceptual models of the habitats within the context of the
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Figure 2-2: Schematic diagram of
potential alternative responses

of the extent or amount of an
ecosystem service to restoration
or loss of habitat area. The benefit
of small-scale restoration depends
heavily on the actual form of this
curve.

overall model. The answer may be “we don’t know;” although we have listed
ecosystem services likely to be provided by one or more habitats (Chapter 1).
For example, intertidal mudflats are well known to support various species
of birds that are either species of concern, have intrinsic value, or provide
recreational opportunities for birdwatchers. This may be reason enough to
protect such habitat. By contrast, sandy bottom provides a resource for sand
mining, but its support of other ecosystem services is poorly understood.
This points to a key role for research.

What is the relationship between quantity of the habitat and the amount or value
of those ecosystem services?

This is a much harder question to answer than the previous one, but it should
form the basis for all decisions about restoration and protection of habitats.
If the potential area suitable for restoration of a habitat can be estimated,
what would be the ecosystem-scale response if all of that habitat were to be
restored? How would that change if only 10% or 50% were restored?

The default assumption is that habitat value increases linearly with habitat
area, but other responses are possible (Kondolf et al. 2008). For example,
the number of birds that feed on mudflats in winter could be limited
initially by feeding conditions in the local habitat and then by conditions
in their remote summering habitat. In that case, restoration may have little
effect on birds once the quantity of local habitat exceeded some threshold
(upper curve, Figure 2-2). Conversely, there may be a threshold of habitat
area above which some part of the ecosystem shifts into a different,
preferable state, in which case the cumulative restoration must exceed

the threshold before this benefit is achieved (lower curve, Figure 2-2).

What interactions (conflicts or synergies) are likely among those services or the
ecosystem processes that produce them?

This is one of the more difficult topics, and answers may be limited to
speculation. In particular, restoration of one habitat implies reduction in
quantity of another.

What are the threats to various habitats or the species using them?

Threats are those stressors (Appendix 2-1) that are likely to reduce the
quantity or impair the quality of a habitat. These include such influences as
physical damage (e.g., from dredging, sand mining, shipping, trawling, boat
wakes), contaminants, climate change and sea level rise, and over-harvest.
Identifying direct threats is fairly straightforward, but indirect threats are
harder to establish. For example, how would overfishing affect eelgrass beds?

What actions would enhance or diminish the amount or value of ecosystem
services?

This question is intended to encompass deliberate actions taken either to
restore a habitat, or to accomplish some other goal (e.g., building a ferry
terminal) that might affect a habitat.
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Broad perspective: The goals should account for both long-term change in
the estuary and spatial patterns at all scales. Research that informs managers
about future conditions and applies broadly across the estuary should take
the highest priority.

The estuarine ecosystem has changed substantially and will continue to change
(see Table 3-1 and Appendix 2-2). The local influences of climate change that
have been forecast and observed include rising sea level and a shift to an earlier
snowmelt peak in the Sierra, resulting in a larger seasonal cycle in freshwater
flow and salinity. Increasing temperature is likely to have a predominantly
indirect effect through the northward shift in distributions of organisms, with
the likely result of species extirpations and species introductions to the estuary.
Other effects, such as increased wind speed and increased frequency or severity
of storms, are forecast with less certainty or without consensus among climate
models. Human responses to climate change, such as building hard structures to
protect against rising sea level, could have profound effects on subtidal habitats.

Significant impacts from climate change will occur over time scales of decades
to a century and longer. Over that time frame, many other changes will

likely occur in the estuary, including population growth, which will result in
increased demand for water supply, waste discharge, infrastructure, recreation,
and development near the bay. Changes in transportation such as a substantial
increase in ferry traffic would have significant impacts on subtidal habits
throughout the estuary. Changes in management and plumbing of the delta will
influence annual and interannual patterns of salinity in the bay.

Random or unpredictable events, notably earthquakes but also levee failures

in the delta, are reasonably sure to happen sometime during the next century.
Multiple levee failures in the delta will have a tremendous effect on the entire
estuary because salinity will penetrate farther into the estuary and (in some
scenarios) the tidal prism will increase. As with sea level rise, human responses
to these events will affect long-term outcomes; for example, whether flooded
islands will be diked and drained, and how water managers will respond.

Limits to knowledge: The research goals should be achievable in a reasonable
time and be realistic as to the likely outcomes. Conducting research in

natural ecosystems is difficult, particularly so in estuaries. These systems

are extraordinarily variable in space and time and have myriad interacting
components, only a handful of which can be observed in a research program.
Monitoring is essential but generally limited to counts of organisms (e.g.,
fish), collected during the day in deep water. Most ecosystem processes are
unmonitored. Human impacts are frequent and sometimes subtle, such as
impacts from contaminants, including oil, and alteration of the sediment
budget. Finally, the estuary’s water is turbid, and even intertidal habitats

can be seen only when exposed at low tide. All this is not to say that gaining
knowledge is impossible, but that these limitations should be acknowledged in
determining research priorities and sequencing, and in setting expectations for
the information needed for restoration and protection.
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The waters of San Francisco Bay
inside the Golden Gate.

Adaptive Management

Adaptive management (Holling 1978, Walters 1986) is specifically designed as
a way of managing in the face of uncertainty. This approach treats protection
actions as experiments, acknowledging the value of learning as well as that

of taking action. This approach is entirely consistent with the current state of
knowledge regarding subtidal habitats; in most cases, not enough is known

to support well-informed decisions even about whether to restore or protect
habitats. In such a preliminary state of knowledge, taking action without an
experimental, analytical component would be unwise.

Adaptive management (AM) has had a mixed record, mainly because of
institutional resistance to implementation and because many people use the
term without fully understanding the meaning. One of the key impediments

to AM arises in attempts to apply it to large, complex, unreplicated systems.
When the system can be subdivided to allow for replication and controls, the
experimental aspects of AM become much more powerful and informative.
The Subtidal Goals Project is therefore ideally suited to an adaptive approach at
the project level, because habitats can be subdivided for different treatments.

Numerous documents outline the approaches to be used in AM (for example,
Thom 2005). Most center on a diagram of the AM process emphasizing that the
process is cyclic and has multiple decision points. Figure 2-3 presents such a
diagram customized for the Subtidal Goals Project. It expands on the decision
tree in Figure 2-1 to include the key elements of adaptive management. The

key points to take from this diagram are that AM requires both (1) an explicit
statement of expectations in the form of models and metrics to evaluate
progress; and (2) explicit loops from the synthesis of data and re-examination
of outcomes back to all of the decision points. This process forces managers to
think about how to measure and display performance and how to determine
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Figure 2-3: Flow diagram of the sequence of activities in adaptive management in the Subtidal
Habitat Goals Project. Starting from the top, the ecosystem services provided by the habitat are
identified; then threats to the habitat or shortage of the quantity of that habitat are evaluated.
This may lead to a decision to take no action (see Figure 2-1); otherwise, a series of steps are
taken including making decisions about desired outcomes, development of models, and choice
of scale of the action.The action may emphasize restoration, maintenance of the habitat (e.g.,
through regulatory protection), or research. Every one of these actions, however, requires a

set of metrics to evaluate progress, and a process of monitoring and evaluation that leads to
periodic synthesis and re-examination of the action.This results in a feedback loop in which any
of the decision points or preparatory activities can be revised and the whole process refined.
The feedback loops would likely come at progressively longer time scales going up the diagram,
since they would require progressively more complex decisions.

Below: Biologists study invertebrate
use of restored oyster reefs in
San Rafael.
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Below: Biologists access subtidal
habitats in deep bay muds. Right: A
plankton tow in San Francisco Bay.

whether an action is working as expected. Thus, the key elements of AM that
distinguish it from most other kinds of management include:

« Explicit statements of problems and goals.
o Clear conceptual models of processes to be affected.

« Predictions of outcomes of the action and potential alternatives, and
performance measures; predictions may be based on simulation
modeling.

 Designed monitoring programs with embedded analysis for evaluating
progress toward goals and consistency with the vision.

« A team charged with evaluating results and making recommendations for
revising goals, desired outcomes, models, or actions.

« An entity with the authority and will to maintain the process and make
changes recommended by the evaluation team.

Please see Chapter 11 for additional ideas on how adaptive management can be
applied to achieve the subtidal goals.

Considerations for Protection

This report is a planning document and not meant to be policy or regulation
(see discussion in Chapter 1). Agencies and organizations may use this report
as a guidance document when implementing their authorities and mandates,
or developing or updating policies. Protection goals included in the following
chapters were developed with the intent of protecting subtidal habitats in

San Francisco Bay, and were not weighed against other agency mandates or
socioeconomic concerns, such as public access or economic development. Any
policy modification or policy development will entail a separate process in
which an individual agency will need to analyze the recommendations within
the context of its existing authorities and mandates.

This report takes a precautionary approach. When the decision process
(described above) directed focus on research goals for a particular habitat,
protection goals were also included in order to maintain existing habitat while

research is conducted and evaluated for future protection or restoration needs.
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Creosote pilings provide roosting
areas for birds.

For all habitat types, protection goals focus on preservation. When information

existed about specific threats, more detailed protection objectives and actions
were included.

The resource management committee identified policy-level stressors that can
degrade or otherwise influence subtidal habitats:

1. Freshwater inflow
2. Invasive species
3. Climate change

From this list, freshwater inflow and climate change were looked at in a broad
sense (see Chapter 3), and specific goals were developed for invasive species
(see Chapter 3). Funding allowed five additional stressors to be evaluated, so
the resource management committee prioritized five stressors that can degrade
or otherwise influence subtidal habitats:

1. Contaminants

2. Bottom Disturbance

3. Suspended Sediments

4. Placement of Artificial Structures
5. Nutrients

Consultant Dr. Andrew Cohen developed narrative descriptions for each
stressor (see Appendix 2-1). Working with the resource management
committee, the administrative core group conducted an exercise to compare
severity, scope, and irreversibility of these stressors against each subtidal
habitat type (see Appendix 1-1). This exercise resulted in the following key
conclusions:

1. Bottom disturbance is a stressor of concern across several habitats.

2. Placement of artificial structures is a potential stressor of concern for the
shellfish and submerged aquatic vegetation “living” habitats.
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A derelict creosote piling structure
slowly falls into the bay.

3. Eelgrass habitat has multiple stressors of concern.

4. Contaminants are a stressor of concern for soft substrate, especially
mud habitat.

This was the starting framework for developing protection goals. This
information was then further developed by science advisor Dr. Wim Kimmerer
and incorporated into conceptual models for each habitat, which more fully
describe the functions of and threats to the habitats and form the resulting
basis for all of the goals (see Chapters 4-9).

Considerations for Restoration

In this report, the term restoration includes creating, enhancing, remediating,
and rehabilitating habitat (see definition in Chapter 1). The restoration goals
are not meant to return subtidal habitats in San Francisco Bay to conditions
that existed in the past. Rather, they are meant to improve upon conditions
that exist today, with restoration targets based on what is known about limiting
factors and the potential for habitats to be created or enhanced within the bay.

Restoring a habitat should be undertaken with a clear view of the long-term
prospects for success whenever possible, using an adaptive management
approach. This will require answers to the research questions in the following
sections. Although there are gaps in knowledge, restoration should still be
pursued at an experimental level based on potential habitat distributions. An
assessment could begin by determining the maximum possible extent of valued
habitats for which restoration or protection is an identified priority, such as
eelgrass and oyster beds and mudflats. How much of that habitat is actually
likely to exist over the next 50 years, at what level of effort and cost, and what
will be the result in terms of ecosystem services? (See Foundational Science
Goal 1 for each habitat type in Chapter 3.) Answers to these questions, however
approximate, will help to scale expectations and plans for restoration, and these
answers will be refined as knowledge improves.

Restoration should also be designed for the long term, and planning must
therefore account for expected long-term changes (see Foundational Science
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Goal 2 for each habitat type in Chapter 3). Restoration should be targeted to
locations and situations where long-term success is most likely. This requires a
better understanding of the likely success of restoration in particular areas, the
local processes and conditions as they may affect the habitat, and the present
and future threats.

Mapping of Subtidal Habitat

An important first step in developing the subtidal goals was collecting and
mapping baseline subtidal habitat geospatial data for the entirety of San
Francisco Bay. The Subtidal Goals Project has assembled existing subtidal
habitat data layers and created the first set of comprehensive GIS maps'
illustrating the locations and extent of the bay’s core subtidal habitats.> See
also Figure 2-4. Habitat data, from side-scan sonar and multibeam data and
sediment samples, were compiled from a 2003 report (Greene et al 2003), as
well as anecdotally from experts involved in the Subtidal Goals Project. The
2003 report distinguished 91 different bottom types in the Central and South
Bays at the time of data collection although these likely change as strong tidal
currents transport sediments around. For the purposes of this project, these 91
habitat types were consolidated, on the basis of their predominant sediment,
into 6: soft substrates (including mud, sand, gravel, cobble, and shell mix);
rock; artificial structures; shellfish beds; submerged aquatic vegetation beds;
and macroalgal beds. This approach, while necessary for the purposes of the
project, undoubtedly simplifies habitat types throughout the bay, when in
reality most subtidal areas are a vast combination of varying and ever-changing
substrates.

In addition, existing data layers of activities (and artificial structures) that

can impact the bay’s subtidal habitats were collected and mapped to spatially
illustrate the relationship between habitats and stressors. Finally, for some
habitat types in the bay, proposed restoration sites are shown, based upon areas
that had successful existing pilot projects or were identified as suitable habitat
(see Chapters 7 and 8). Three types of maps were created and included in this
report:

1. Habitat distribution maps

2. Stressor maps. There are four main stressor categories, and each has
multiple activities that have been mapped:

1. The information for the GIS maps for the San Francisco Bay Subtidal Habitat Goals Project came from a
variety of sources, including NOAA’s 2003 Electronic Navigation Charts and 2006 Environmental Sensitivity
Index; 2002 CDFG Bathymetry maps; Gary Greene et al. October 2003 Report: Benthic Habitat Maps of
San Francisco Bay Interpreted from Multibeam Bathymetric Images and Side-Scan Sonar Mosaics; Merkel
& Associates, Inc. 2010. San Francisco Bay Eelgrass Inventory October-November 2009. Submitted to:
California Department of Transportation and National Marine Fisheries Service.; Native oyster survey

data Grosholz et al. 2007; the Water and Emergency Transit Agency (WETA); the San Francisco Harbor
Commission; the U.S. Coast Guard; and others. Subtidal Habitat Goals Project committee members

also provided anecdotal information based upon their knowledge of habitat distributions, which was
incorporated into the maps.

2. For a description of additional mapping and surveying needs, see Chapter 11.
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Figure 2-4: San Francisco Bay Bathymetry Map (NOAA 2010 from CDFG 2004), broken down
into three depth categories: less than 10, less than 30',and greater than 30'.
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Surf scoters on open water.

Activities that increase or redistribute contaminants: wastewater
discharge, coastal industry (power generation, oil refining, and
chemical processing), dredging and disposal, sand mining, shell
mining, commercial fishing, research and education, natural resource
management and restoration, and urban development.

Activities that increase bottom disturbance: shipping, construction of
marinas, ports and wharfs, dredging and disposal, sand mining, shell
mining, commercial fishing, research and education, natural resource
management and restoration.

Activities that increase suspended sediments: commercial fishing,
dredging and disposal, sand mining, shell mining, research and
education, natural resource management and restoration, and urban
development.

Placement of artificial structures: ports and wharfs, pilings, buoys,
berthing areas, beacons, duck blinds, among others; and activities
associated with coastal industry, bridges, wastewater discharge,
commercial shipping and recreational boating, and urban
development.

3. Proposed restoration site locations: native oysters, native eelgrass, and
suggested pilot locations for intertidal sand beaches and living shorelines.

4. Ownership of the subtidal lands: public and private parcel ownership
data. (See Figure 2-5.)

Although there are some data gaps that need to be filled and more maps
that need to be made (see next section), the maps in this report should

allow individuals, agencies, non-profits, governments, and others to see
the submerged areas of the bay in an entirely new light. With these maps,
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Figure 2-5: San Francisco Bay Subtidal Lands Parcel Ownership. Parcel
ownership data compiled by Dan Robinson, NOAA fellow at BCDC, 2008.
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Central Bay segment of historic
hydrographic sheets developed by
the former US Coast Survey.

-

interested parties will be able to access a wealth of data and new information

for use in their own projects. These maps will

improve existing resource management
provide better data for use in research projects

allow a finer assessment of stressor impacts on particular habitats at given

site locations

highlight appropriate restoration project sites

facilitate improved cumulative impact assessments
illustrate and help resolve overlapping human use conflicts

allow consideration of lands for acquisition and restoration

The information in the maps can also be used in potential future Marine
Protected Area or Marine Spatial Planning projects in San Francisco Bay.

Additional Mapping and Data Needed to Implement the Goals

1. Nearshore bathymetry: Updated bathymetry data for the entirety of the

bay, and specifically for the bay’s shallow areas from the shoreline to 3m
below mean sea level. Existing bathymetric data sets do not show this area
accurately enough to properly manage impacts and implement protection

strategies.

. Physical setting: Stratigraphy needs to be determined bay-wide to better

understand the structure of habitats. More than 90% of the bay’s bottom
is made up of soft, unconsolidated sediments. Research goals in Chapters
4-9 provide the basis for the need to better define areas of mud, sand, and
shell hash, so managers can better assess potential impacts and protection
strategies. Because they have been mapped as navigation hazards, large
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Researchers at the San Rafael

oyster and eelgrass restoration site.

rocky outcrops are probably the best mapped habitats, but small rock and
cobble could be better delineated in the bay.

. Living bottom types: Excellent mapping data are available for native

oysters in intertidal and shoreline areas. But there is only anecdotal
information supporting the existence of subtidal populations of native
oysters, and these areas have never been mapped. Eelgrass beds were
mapped in 2003 and again in October 2009 by Merkel & Associates, Inc.,
but ongoing monitoring is needed to understand interannual variability
in distribution and density of all subtidal habitats, particularly for
macroalgal beds and submerged aquatic vegetation other than eelgrass
since no spatial data exists for these habitats.

. Tracking soft-bottom habitat types: High-resolution sub-bottom seismic

reflection profiling systems can be used to determine the thickness of
sedimentary units, which, along with repeated bathymetric surveys, can
then be used to track the dynamic and ever-shifting nature of the bay’s
subtidal habitats. Using this data, a mapping effort could be undertaken
to distinguish persistent and temporal habitats and address the dynamic
influences that re-work the bay-floor.

. Hardened shorelines: There is a need to better understand fill type,

especially in regard to assessing the impact of wave velocities and rising
sea levels in order to better predict their impacts on foreshore slopes.
Understanding various fill types and the nature of hardened shorelines
better informs the planning of subtidal restoration sites and techniques,
as well as helps plan for sea level rise and other climate change impacts
throughout San Francisco Bay.

. Submerged creosote pilings: The San Francisco Estuary Institute SFEI)

and NOAA conducted a detailed survey and mapped most of the creosote
piling complexes that could be seen at low tide above the surface via boat
(see Appendix 6-1). This survey documented over 33,000 derelict pilings
in the bay, and estimated at least that many more pilings (and stubs of
pilings) occur below the surface of the water at low tide. Beyond locating
and mapping these submerged pilings to improve navigational safety, this
mapping effort provides information for any potential future removal
projects.

. ESI data: NOA A's Environmental Sensitivity Index maps were released

in 2006. Since then, innumerable changes have occurred to the bay
shoreline. The Environmental Sensitivity Index (ESI) Maps for California
are being updated, pending funding. An update to the San Francisco

Bay ESI maps is needed to include the most recent information on the
location and extent of subtidal habitats along the shoreline, any changes
to management boundary areas, and subtidal restoration projects.
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Raccoon Strait is one of the
naturally deepest areas of the bay.

8. NOAA'’ hydrographic sheets: Based on data collected in the bay since
the 1850s by the former Coast Survey, NOAAs “H” sheets are similar to
the Terrestrial “T” sheets, which have been valuable in developing maps

to illustrate the comparison between past and present wetland habitats
in the bay (see SFET’s Ecoatlas). “H” sheets include depths based on boat
soundings and information about bottom types based on bottom grab
samples. Nearly all of the depths on the H sheets have been digitized (Dr.
Bruce Jaffe, USGS, 2010, pers.comm.), but additional work needs to be
done to analyze the bottom type against current conditions.

9. Human uses: Although the Subtidal Goals Project has gathered extensive
data on human activities that may impact subtidal habitats, additional
mapping of the bay’s current and predicted future human uses is needed
to assess stressors and restoration site considerations.

10. Oil spill response: The Office of Oil Spill Prevention and Response GIS
maps should be regularly updated to include high priority subtidal
protection areas and locations of available equipment, and used during
future oil spills in San Francisco Bay.

11. Database and mapping tool for active subtidal restoration and monitoring
projects: Such a database could be accessed and used by multiple partners
(academic, non-profit, consultant, and agency). The subtidal database
could be linked to existing databases such as the San Francisco Bay Joint
Venture restoration database and the Wetland Tracker.
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HIS CHAPTER DISCUSSES informational needs and issues that cross
multiple habitat types, including the water column as a unifying habitat
type. It includes a conceptual description of all subtidal habitats and

the water column. It lays out foundational science and research goals for all
subtidal habitat types, and discusses issues that warrant management and

restoration goals for all habitats—for example, invasive species, oil spills,

marine debris, and public access and awareness.

Conceptual Model for All Habitats

The habitat types discussed in this report (Figure 3-1) include habitats defined
by physical structure (soft-bottom, rock, artificial substrate), habitats created

Shallow subtidal habitat at the Marin Islands National
Wildlife Refuge.

partly by organisms (eelgrass beds, shellfish beds, and macroalgal
beds), and the water column (see next section). All of the habitats
except the water column are fixed in place, so the water column
must be considered as part of these habitats as well as a separate
habitat itself.

The various subtidal habitats support valued ecosystem services (see
Chapter 1), although the degree of support, and the relationship of
quantity of habitat to level of support, are unknown. Conceptual
models, including text and diagrams, were developed to describe
the broader subtidal system, and for each of the habitat types. The
habitat-specific models in subsequent chapters provide informa-
tion on what each habitat does, both in terms of its function and the
ecosystem services it supports. They also describe short- and long-
term threats—human and other activities that may impair or reduce
the amount of each habitat.

The Water Column

In setting goals for subtidal habitat, the Subtidal Goals Project used
the water column—the water covering submerged substrate, includ-
ing all volume between the substrate and the water surface—as an
aspect of the conceptual models for all of the other habitats.
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Figure 3-1: Conceptual diagram for subtidal habitats in the San Francisco Estuary.This diagram
displays some of the key concepts involved in subtidal habitats, particularly the processes linking
habitats with each other and the surrounding land, and some of the threats to the habitats.
Similar diagrams in Chapters 4-9 depict details of each of the individual habitat types, including
ecosystem services they provide and threats to them.

The estuary’s water column is both the medium for each of the other subtidal
habitats and a separate habitat in its own right. The water column transports
material and organisms to and from the other habitats, and many estuarine
organisms live their lives entirely within the water column. Since water-column
processes influence other habitats, understanding these processes is essential
for managing the other habitats.

More scientific research and monitoring have been done on the water column
than on any other habitat, and the literature is far too extensive to provide a review
of it here. Some of this material has been synthesized before (Kimmerer 2004).
The physical forces that affect the water column, how the water responds, and how
this interaction affects the organisms living in the water are described below.

Physical dynamics

The principal drivers of water motion in the estuary are, in decreasing order
of importance, tides, freshwater flow, and wind. Tidal oscillations in the
coastal ocean move water into the estuary at a dominant period of 12.4 hours.
Tidally-driven currents and longer-period level changes in the ocean, such as
those from storm surges, are responsible for most of the mixing and transport
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of materials in the estuary. Freshwater flow in the rivers entering the estuary
mainly in the delta induces a net seaward flow throughout the estuary that also
moves materials and some organisms seaward. The relative importance of this
net flow compared to tidal flow increases going landward into the estuary.
Typical net flows of freshwater are a few percent of tidal flows at the eastern
end of Suisun Bay, and much less than that in central San Francisco Bay.

A prominent outcome of the interplay between freshwater flow and tidal cur-
rents is the estuarine salinity gradient. This gradient penetrates into the estu-
ary to the western delta during dry periods, and to western Suisun Bay in
most winters. Doubling freshwater outflow from the delta moves the salinity
gradient about 8 km seaward with about a two-week lag time. Salinity at any
point within that gradient decreases correspondingly with increasing flow.
The salinity gradient is also a density gradient, which tends to oppose the net
river-derived flow out of the estuary. The situation is different in the South Bay
where freshwater input comes from wastewater treatment plants most of the
time, except during high-flow events in the delta when lower-salinity water
enters the South Bay from the north.

The interaction between net river flow, opposing density gradient, and tidal
currents also determines the vertical density stratification, by which currents in
the deeper channels tend to flow toward land (if averaged over the tidal cycle)
and surface currents tend to flow to sea. The resulting complex pattern of water
motion has a profound influence on retention of sediments and organisms
within the estuary. Wind can modify the tidal currents, especially in shallow
water (< 1m) through breaking wind waves, and very strong wind can limit
stratification even in deep water.

Sediment movement is even more complex than water movement because sedi-
ment particles can settle to the bottom and be resuspended, and the tendency
to settle depends on grain size. Wind waves in shallow waters are important

in resuspending sediments, which are then moved mainly by tidal currents.
Coarser sediments such as sand are most apparent in high-energy environ-
ments where finer sediments can't settle, including beaches (because of the
action of wind waves), and deep channels (because of tidal currents). The finest
sediments, generally clay particles (~1 pm in diameter) remain in suspension
and are largely responsible for the high turbidity of the water throughout the
estuary. This suspended sediment load may be decreasing as the pulse of sedi-
ment from hydraulic mining dissipates, and because dams have cut off the sup-
ply of fine sediment to the bay (Schoellhamer 2009).

Water temperature in the San Francisco Estuary has a rather narrow range
partly because of the modulating effect of the coastal ocean. Seasonal fluctua-
tions are highest in the delta (10-21°C at Antioch) and lowest at the Golden
Gate (10-16°C).
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Harbor seals haul out on rocks near  The pelagic food web
the Richmond-San Rafael Bridge.

Nearly all estuarine organisms are limited to a certain range of salinity through
a combination of physiological and ecological effects. Pelagic organisms (those
in the water column) move with the water and therefore are not subject to
salinity stress the way benthic organisms (those on the bottom) are.

The food webs of the San Francisco Estuary are supported mainly by phyto-
plankton production, which is usually low because the high suspended sedi-
ment concentration limits light penetration, and in some areas grazing by
clams limits the buildup of phytoplankton biomass. High ammonium concen-
trations mostly from wastewater treatment plants in the delta may further sup-
press phytoplankton growth and production (Dugdale et al. 2007).

This low productivity is reflected throughout the food web. For example, zoo-
plankton throughout the estuary feed mainly on microzooplankton, presum-
ably because phytoplankton biomass is low, and zooplankton are food limited
much of the time. The low productivity is the principal reason why there is no
major commercial fishery in the estuary. Another consequence of high turbid-
ity and low phytoplankton productivity is that nutrient concentrations remain
high most of the time, and eutrophication has not occurred since sewage treat-
ment plants were upgraded in the 1970s. If the trend toward increasing water
clarity (Schoellhamer 2009) continues, eutrophication might become possible
sometime in the future.

Interactions

The water-column habitat interacts with all of the other habitats in the bay, and
with the delta and coastal ocean. Water supplies nutrients, food, and oxygen

to benthic habitats, removes waste, and redistributes plankton and larvae. Its
interaction with the soft bottom is particularly important, because of the soft
bottom’s great extent and because many benthic organisms feed on particles in
the water column, and in turn are fed upon by fish, crabs, and shrimp.

Volunteers move bags of Pacific
oyster shell by kayak for placement  Exchange with the coastal ocean removes sediment, organisms, and wastes

at the San Rafael restoration site. from the bay, and brings in coastal organisms. Perhaps more important is
exchange that occurs through movement of fish and other organisms: there
is no barrier between the bay and the coastal ocean. Ocean conditions (for
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example, El Nifo, Pacific Decadal Oscillation) can influence the bay directly
(through temperature or water level) and indirectly through changes in the
species composition and abundance of fish that then enter the bay.

Another important exchange is with the rivers entering the delta, which supply
sediments, nutrients, and organic matter to the water column, but also many
contaminants such as pesticides, herbicides, mercury, and selenium. Additional
sources of contaminants are the urban and industrial areas surrounding the
estuary, ships within the estuary, and contaminants stored in sediments.

The water column is also subject to a variety of human influences that can then
affect other habitats. These include the various influences of climate and other
long-term changes (Table 3-1, Figure 3-2, and Appendix 2-2).

Table 3-1:Long-term changes projected or likely to occur in the estuary, and some potential consequences
for the more seaward reaches of the estuary. Causes in bold are those with a high probability of occurrence,

or that are already observed. Other causes are either weakly or inconsistently supported by models.

Cause

Consequence

Sea level rise

Habitats will be in deeper water, less suitable because of turbidity; landward shift
limited by shoreline conditions.

Higher tide and tidal range may increase erosion and alter shorelines, mudflats,
and marsh boundaries.

Increase in tidal range may increase intertidal area; depends on sediment
characteristics and sediment supply rate.

Increased salt penetration due to enhanced estuarine circulation.

Increase in tidal range will increase the strength of tidal currents, possible erosion.

Temperature rise

Change in phenology, biogeography of estuarine and marine species.

Species introductions and local extinctions.

Reduce survival, reproduction, and growth of eelgrass and native oysters.

Higher winter, lower spring/summer flow (salinity opposite).

Total precipitation

More total flow and lower salinity with increase.

Wind speed

Increased resuspension of sediment from intertidal and shallow subtidal areas
with increased wind speed.

Storm frequency

Increased shoreline erosion with increased storm frequency.

Acidification Impaired calcification of shellfish. Note that scientific support for ocean acidification
is very high, but the estuary may respond more to local conditions.
Interactions Higher sea level with stronger currents and wind, accelerate erosion.

Levee failures in delta

In short term, rapid rise in salinity (if during wet season); in long term, chronically
higher salinity.

Changed delta configuration

Depending on operating criteria, potential increase in salinity.

Population growth

Increased demand for all ecosystem services; increased urbanization, impacts from
transportation and infrastructure.

Continued reduction in sediments | Continued shortage of sediments to build marshes, mudflats, erosion of shorelines.

Introduced species

Impossible to predict; depends on which species and where.

Industrial development

Desalination plants may be constructed, with attendant impacts on water column
and other habitats. Tidal or wave-driven power sources would alter flows and
increase artificial structures, and possibly have impacts on fish and marine mammals.
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Corbula clam

The taller invasive
cordgrass on the right
has invaded marshes
throughout the bay.

A particular human influence on the water column occurs over long distances:
alien organisms are introduced through vectors such as shipping, deliberate
introductions for fisheries (including oysters and their associated fauna), sales
of live bait, and careless or deliberate introduction of unwanted aquarium or
food organisms. Although most of the introduced species in South Bay to San
Pablo Bay have been benthic, the zooplankton species of the brackish regions
of the estuary are largely introduced, as are the fishes of the freshwater regions.
The most notable introduction of the last several decades in terms of system-
wide impact was that of the overbite clam, Corbula amurensis, whose filter-
feeding reduced phytoplankton production of the northern estuary to about
20% of its previous value.

Protection of the Water Column

This document does not recommend specific goals for water-column habi-

tat. The benthic habitats (e.g., eelgrass) are assumed to include the overlying
water column for the purposes of setting and achieving goals for those habi-
tats. For example, the movement of propagules (eelgrass seeds, oyster larvae)
among beds is mediated by water motion, and therefore this motion must be
considered in efforts to restore or enhance the beds. The greatest concerns for
protecting the water column are reducing contaminants and improving water
quality for fish. The effects of emerging contaminants' (hormones, antibiotics,
and other pharmaceuticals) on bay resources have been identified as an area
of concern and initial protection recommendations are identified (see Chapter
4). Many of these pollutants are entering the bay through wastewater treat-
ment plants that currently lack the technology to remove them. These issues
are under the purview of existing agencies operating under various laws and
authorities, such as the federal Clean Water Act and the Porter-Cologne Water
Quality Control Act. Recommendations on these topics in this document
would likely be redundant with existing laws and policies, and were not consid-
ered a high priority for this report.

1. For more information on current science and considerations for the management of Emerging Contami-
nants, see http://www.calost.org/CA %20CEC%20Workshop%20Final%20Report%20Sept%202009.pdf.
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Foundational Science Goals

Scientific uncertainty about subtidal habitats precludes immediate decisions
about undertaking restoration activities or implementing protective mea-
sures. The functions of the habitats, the ecosystem services they support, the
threats to them, and the prospects for restoration or protection are all poorly
understood. The goals and questions below form the basis of the science that is

needed for all of the habitats.

FOUNDATIONAL SCIENCE GOAL |

Understand the value of the habitats.

Question A. What ecosystem services do the habitats support?

Question B. What is the relationship between the extent of desired habitats
(especially oyster beds, eelgrass beds, and intertidal mudflats) and the extent of
ecosystem services provided?

FOUNDATIONAL SCIENCE GOAL 2

Understand the interactions among habitats.

Question A. How do the various habitats interact, and is there synergy or antago-
nism between them?

If one habitat provides some benefit (e.g., chemical or biological output, or ref-
uge) to another nearby habitat, the result may be a greater level of ecosystem
services than would be expected from the individual habitats.

An obvious interaction occurs in that each habitat can grow only at the expense
of other habitats. For some habitats this probably doesn’t matter. For example,
establishing eelgrass beds in all of the feasible locations would make only a
small dent in the availability of mud-bottom habitat. Because eelgrass will grow
only in the margins of the bay in suitable substrate, depth, and salinity, it is
unlikely that the scale of eelgrass restoration would significantly decrease the
ecosystem services of the soft subtidal substrate. In addition, multiple habitat
types can coexist in the same area, such as eelgrass blades growing over a soft

mud bottom.

Windsurfers on the bay.

Question B. How will these interactions change as the estuary changes?

Long-term changes, particularly sea level rise and decreased sediment supply,
will alter the way the various habitats function and interact (Appendix 2-2).
These changes may either amplify or negate the benefits of various actions
taken in the near term. One possible outcome is a landward movement of the
shoreline, such that the landforms are similar, and functions continue, but at
locations farther inland. This can happen only where hardened structures such
as roads do not impede this landward movement. Therefore understanding this
future trajectory will be essential in planning actions for all habitats.
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FOUNDATIONAL SCIENCE GOAL 3

Understand the long-term prospects for subtidal habitats.

¢ The future trajectory of the estuary is likely to impinge on some habitats, some
‘T_‘:; favorably and others not. In addition, long-term changes such as sea level rise

- may increase motivation for restoring certain habitats as part of a strategy

for adapting to a rising sea. Of all the trends projected, those of sea level rise,
decreased sediment supply, increasing temperature, increasing salinity, and fur-
ther species introductions seem to be the greatest threats to subtidal and inter-
tidal habitats. Potential effects of ocean acidification may affect the central bay

but are likely to be controlled within most of the estuary by local processes.

Question A. What is the current extent of each of the habitat types, and how

Biologists survey a new native is it changing?
oyster restoration site at Cesar

Chavez Park near the Berkeley
Marina. answering this question periodically should be part of any plan for managing

these habitats. Knowledge of habitat extent is essential to determine and docu-
ment how the habitats are changing over time and whether restoration goals

Because subtidal habitats sometimes shift with changing conditions, asking and

are being achieved.

Question B. How will individual habitats respond to forecasted changes in
the estuary?

This question may never be answered, but consideration of these issues should
provide the underpinning for all decisions about restoration and protection of
habitat. Although many people are now aware of some of the consequences of
climate change, relatively few have imagined the state of the estuary 50 years
hence. The impacts of climate change are numerous, but the impacts of some
more immediate anthropogenic influences are just as important (Table 3-1);
although many of these impacts (for example, due to water shortages or levee
failures) will be most severe in the delta, most will be felt throughout

the estuary.

Question C. How is the balance between sediment deposition and erosion likely to
change, and how will these changes affect subtidal habitats?

The sediment budget of the estuary may now be negative, i.e., there may be
more erosion than can be supported by the supply of sediment from rivers
(Chapter 4). This has strong implications for all subtidal habitats, but particu-
larly for soft-bottom and eelgrass habitats.

Question D. What are the likely effects of projected changes in temperature and
salinity on key estuarine species?

Salinity will likely be closer to oceanic values for more of the year than is cur-

rently the case. Pacific herring may require depressed salinity for some part of
the life cycle. Subtle changes in the food web may alter foraging opportunities
for fish, birds, and marine mammals.
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Question E. What are likely effects of the potential loss of
important transient species such as Chinook salmon?

Higher temperature will have a substantial effect on
salmon through its effect on survival of spawning
adults, embryos, and juveniles in the rivers. Loss of

a substantial fraction of the salmon could remove a
fairly significant proportion of the fish present in some
seasons.

Question E. What potentially damaging invaders to the
estuary might arrive either through range expansions
due to temperature and salinity changes, or through
ongoing introductions in ballast water and other vectors?

Question G. How will changing sea level and shoreline
erosion affect seal rookeries and haulout sites and habitat
for shorebirds and waterfowl within the bay?

The potential loss of shallow subtidal and intertidal
areas could drastically alter the availability of what is

Researchers study eelgrass essentially temporary terrestrial habitat for aquatic
beds in Richardson Bay. vertebrates and shorebirds. This should be examined
together with the availability of alternative habitat.

FOUNDATIONAL SCIENCE GOAL 4

Develop mechanisms to adapt to climate change.

Adaptation to some of the trends identified in Appendix 2-2 may be possible.

Question A. How can restoration and protection measures be established so as to
accommodate forecasted changes?

Some habitats may be too vulnerable to survive the anticipated changes in all
locations. Planning for restoration or construction of habitats such as eelgrass
beds should consider the likely future configurations of various parts of the
estuary.

Question B. What technologies are available, and how effective are they in adapt-
ing to the effects of elevated sea level and loss of sediment supply while protecting
habitats?

There may be opportunities to adapt to sea level rise and long-term reductions
in sediment supply through construction practices that provide some habitat,
through the use of living materials such as eelgrass or oyster beds to buffer and
protect vulnerable areas from erosion and inundation (“living shorelines”),

and by linking subtidal restoration with marshes (see Chapter 10). These prac-

A researcher shows the length of ] ) )
San Francisco Bay eelgrass, which tices are largely untested and should be attempted only in an experimental

can grow to 2 meters or more. framework.
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Invasive cordgrass eradication.

Invasive cordgrass is eradicated by

a helicopter spraying herbicide near
Old Alameda Creek at Eden Landing
Ecological Reserve.

Cross-Habitat Goals

The goals presented in the following sections relate to issues that affect all sub-
tidal habitat types, specifically invasive species, oil spills, marine debris, and
public access and awareness.

Invasive Species

An “invasive species” is defined as a species 1) that is non-native and 2) whose
introduction causes or is likely to cause economic or environmental harm or
harm to human health. Over 230 non-native species now live in San Francisco
Bay, many of which have altered benthic habitats and water column function by
modifying the community structure or the physical or chemical environment.

Invasive species have been introduced in a variety of ways, some intentional
and some unintentional. Eradication of invasive species is feasible only in
unusual circumstances, notably during early stages of invasion with an inter-
tidal species that is easy to see and identify. Critical factors to assess before
committing resources to control or eradication include considering the likely
harm if the introduced species is left unchecked; whether ecosystem services
from specific habitats will be reduced; the potential for eradication or reduc-
tion to acceptable levels within a reasonable time frame (for example, no longer
than 10 years); whether the proposed methods for treatment are known to
work; and whether there is reasonable assurance that no identifiable vector will
re-introduce the species proposed for control or eradication.

The non-native cordgrasses Spartina alterniflora, densiflora, angelica, and pat-
ens were planted in San Francisco Bay for restoration purposes. The plants have
since become invasive, and S. alterniflora and its hybrids threaten to replace
pickleweed and native S. foliosa in existing and restored intertidal habitats and
to overgrow mudflats. The result would be a monoculture of invasive Spartina,
and a major loss of functions and values of these habitats. Since 1999, the Cali-
fornia Coastal Conservancy has managed a regionally coordinated effort to
solve this problem through its Invasive Spartina Project. Over $14 million has
been spent on Spartina eradication to date.

In 2006, the NOAA Restoration Center and other partners coordinated a suc-
cessful early eradication effort to control the introduction of the brown alga
Ascophyllum nodosum at sites in San Leandro Bay. In 2009, the Smithsonian
Environmental Research Center and other partners began coordinating an
early eradication effort for known small populations of the introduced alga
Undaria pinnatifida at two marinas in San Francisco Bay.

Many invasives move as unknown stowaways and “hitchhikers” when people
and their products are transported. A wide variety of invasive species have
found their way into San Francisco Bay in ballast water, holding tanks, and bait
and seafood packing material, and via fouled vessels. The overbite clam Cor-
bula amurensis is one of the most notable subtidal invasives brought to the bay
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most likely in ship ballast. Unfortunately, the widespread distribution of the
species throughout soft-bottom habitats, especially in the northern parts of
the bay, makes eradication infeasible.

While ballast water moves a much greater number of species, aquaculture is
probably a far more effective mechanism for introducing exotic parasites, dis-
eases, and other pests of fish and shellfish. For example, Pacific Coast oyster
growers began importing and culturing Virginia oysters (Crassostrea virginica)
from the Atlantic Coast in 1869, and Pacific oysters (Crassostrea gigas) from
Japan in 1902, which resulted in many Atlantic and Japanese species (includ-
ing several oyster pests such as the oyster drill) becoming established in the
bay. More recent types of marine aquaculture (such as salmon and abalone
farming) have also released exotic species into Pacific waters (Cohen 2005).

Invasive species control goals focus on removing four invasive species for
which removal efforts are already underway and eradication is reasonably
attainable, and on preventing additional invasions. The goals presented below
represent regional implementation of the California Aquatic Invasive Species
Management Plan (http://www.dfg.ca.gov/invasives/plan/) as related to sub-
tidal habitats within San Francisco Bay.

CROSS-HABITAT INVASIVE SPECIES CONTROL GOAL |

Minimize the impacts of aquatic invasive species on native
subtidal habitats in San Francisco Bay.

« Cross-Habitat Invasive Species Control Objective |-1: Eradicate four
species of existing aquatic invasive species in San Francisco Bay that affect
intertidal and subtidal habitats.

Cross-Habitat Invasive Species Control Action |-1-1: Continue to fund and
implement the California Coastal Conservancy’s Invasive Spartina Project
and eradicate Spartina alterniflora (cordgrass) and its hybrids by 2012.

Cross-Habitat Invasive Species Control Action |-1-2:Identify and secure
funding for efforts to remove 100% of all Undaria pinnatifida (wakame)
from San Francisco Bay by 2012.

Cross-Habitat Invasive Species Control Action |-1-3:Identify and secure
funding for removal of 100% of all Ascophyllum nodosum (knotted wrack
weed) material from San Francisco Bay by 2012.

Cross-Habitat Invasive Species Control Action |-[-4: Continue to support
funding for exotic oyster and oyster drill removal projects and eradicate
all known populations of Crassostrea gigas/virginica by 2011.

« Cross-Habitat Invasive Species Control Objective |-2: Prevent
the introduction or establishment of aquatic invasive species in San
Francisco Bay.

Invasive Undaria pinnatifida beneath
a dock at the San Francisco Marina.
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Invasive Undaria pinnatifida.

Cross-Habitat Invasive Species Control Action |-2-1: Establish an expert panel
to review new non-native species invasions and their potential ecological
effects when they occur, and make decisions regarding feasibility of
eradication and reasonable levels of resources.

Cross-Habitat Invasive Species Control Action [-2-2: Develop and implement

an early detection monitoring program for high priority aquatic invasive
species (including but not limited to Zostera japonica, Caulerpa taxifolia or
other Caulerpa spp., Undaria pinnatifida, Ascophyllum nodosum, Crassostrea
gigas and C. virginica) specific to the bay. Components would include risk
assessments to identify avenues for vector introduction, and prioritization of
ecologically sensitive sites and high concentration areas.

Cross-Habitat Invasive Species Control Action [-2-3: Develop and implement a
coordinated system for rapid response, such as the Bay Area Early Detection
Network, to contain newly detected aquatic invasive species. Identify lead
agencies that can provide financial and logistical support for rapid response,
and identify key scientific organizations and agency personnel to lead
eradication efforts.

Cross-Habitat Invasive Species Control Action |-2-4: Support improvements
in ballast water and sea chest inspections through additional training
and staffing.

Cross-Habitat Invasive Species Control Action |-2-5: Create an education
program focusing on proper disposal of non-native algal packing material
and encourage fishermen to dispose of non-native algal packing material in
trash receptacles.

Cross-Habitat Invasive Species Control Action [-2-6: Fund and implement
clean boating and recreational education programs. Work with the bait

fish, restaurant, and aquarium communities to develop best management
practices. Provide outreach materials and signage at marinas, recreational
shops, and boating facilities to inform users of the risks of accidental release
of invasive species.

Cross-Habitat Invasive Species Control Action |-2-7: Use only native species
in restoration, inspecting all live restoration and construction materials
for aquatic invasive species and cleaning all equipment prior to and post
restoration/construction.

Oil Spills

In the past 15 years, San Francisco Bay and surrounding coastal waters have
been impacted by several oil spills. Two of the largest spills, the Cape Mohi-
can (40,000 gallons in 1996) and the Cosco Busan (54,000 gallons in 2007)
impacted miles of bay and coastal habitat. Rocky intertidal, sand beaches,
mudflats, fringing marshes, and eelgrass beds as well as the animals that
use them were harmed by these spills. Although large oil spills are relatively
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infrequent, the risk of one happening is always present. Non-point source pol-
lution, including petroleum in runoff from roadways, contributes significantly
to effects on intertidal and subtidal biota on a more consistent basis.

Types of oil spilled in the bay include crude oil, refined petroleum products
(such as gasoline or diesel fuel) and by-products, bunker fuel, oily refuse, or

oil mixed in waste. Spills can take months and even years to clean up. In many
cases oil washes onto both subtidal and intertidal habitats. Intertidal and
subtidal shorelines, more than any other part of the marine environment, are
exposed to the effects of oil, as this is where it naturally tends to accumulate.
Oil floating on top of water limits the photosynthesis of marine plants and
phytoplankton, and oil attached to leaves of aquatic vegetation can smother the
plants. Epiphytes and epibenthic macroinvertebrates can also be smothered in
the process or can absorb the chemicals.

In some circumstances, subtle changes to rocky shore communities can be
triggered by a spill, which can be detected for 10 or more years afterwards.

Soft sediment shores are extremely vulnerable to impacts from oil spills. If

oil penetrates into fine sediments it can persist for many years, increasing the
likelihood of longer-term effects. The upper fringe of “soft” shores is often
dominated by salt marshes, which are generally only temporarily harmed by a
single oiling. However, damage lasting many years can be inflicted by repeated
oil spills or by aggressive cleanup activity, such as trampling or removal of oiled
substrate.

Immediate oil spill response and cleanup are crucial in minimizing impacts

to intertidal and subtidal habitats. The Incident Command framework used
for oil spill response in California is mandated at the state and federal levels.
The United States Coast Guard, the California Department of Fish and Game
(through the Office of Oil Spill Prevention and Response), the National Oce-
anic and Atmospheric Administration, and other trustee agencies are charged
with working with the Responsible Party (ship owners) to implement response
and cleanup. The Marine Safety Branch of the Office of Oil Spill Prevention
and Response is charged with oil spill prevention, and has programs in place
to monitor on-water fuel transfers, track