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Office of National Marine Sanctuaries

The Office of National Marine Sanctuaries (ONMS), part of the National Oceanic and
Atmospheric Administration (NOAA), serves as the trustee for a system of underwater parks
encompassing more than 620,000 square miles of ocean and Great Lakes waters. The national
marine sanctuaries and marine national monuments within the National Marine Sanctuary
System represent areas of America’s ocean and Great Lakes environment that are of special
national significance. Within their waters, giant humpback whales breed and calve their young,
coral colonies flourish, and shipwrecks tell stories of our maritime history. Habitats include
beautiful coral reefs, lush kelp forests, whale migration corridors, spectacular deep-sea canyons,
and underwater archaeological sites. These special places also provide homes to thousands of
unique or endangered species and are important to America’s cultural heritage. Sanctuaries
range in size from less than one square mile to more than 582,000 square miles and serve as
natural classrooms, are cherished recreational spots, and are home to valuable commercial
industries.

Greater Farallones National Marine Sanctuary

Just beyond San Francisco’s Golden Gate lies a globally significant ecosystem. Few ocean
regions in the world host the diversity and abundance of marine life found in Greater Farallones
National Marine Sanctuary (GFNMS). The unique combination of seafloor contours, ocean
currents, and wind patterns, along with energy from the sun, triggers an explosion of life in
these waters. Huge blooms of microscopic phytoplankton are consumed by zooplankton, which
in turn provide a feast for fishes, seabirds, seals, whales, sharks, and humans. GFNMS protects
this rich marine ecosystem through research, education, conservation, and stewardship
programs.

iv
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Framework for Condition Reports

Condition reports are used by NOAA to assess the condition and trends of national marine
sanctuary resources and ecosystem services. These reports provide a standardized summary of
resources in NOAA’s sanctuaries, driving forces and pressures on those resources, and current
conditions and trends for resources and ecosystem services. These reports also describe existing
management responses to pressures that threaten the integrity of the marine environment.
Condition reports include information on the status and trends of water quality, habitat, living
resources, maritime heritage resources, and the human activities that affect them. They present
responses to a set of questions posed to all sanctuaries (Appendix A). The reports also rate the
status and trends of ecosystem services (Appendix B). Resource and ecosystem service status are
assigned ratings ranging from good to poor, and the timelines used for comparison vary from
topic to topic. Trends in the status of resources and ecosystem services are also reported, and
unless otherwise specified, are generally based on observed changes in status since the prior
condition report.

Sanctuary condition reports are structured around two frameworks: 1) a series of questions
posed to all national marine sanctuaries; and 2) a management-logic model called the Driving
Forces (Drivers)-Pressure-State-Ecosystem Services-Response (DPSER) framework (detailed
below). The questions are derived from a conceptual generic model of a marine ecosystem. The
DPSER framework defines the structure of condition reports.

Although the National Marine Sanctuary System's national marine sanctuaries and marine
national monuments are diverse in many ways, including size, location, and resources, condition
reports allow ONMS to consistently analyze the status and trends of resources and ecosystem
services in each site’s ecosystem to inform place-based management. To that end, each unit in
the sanctuary system is asked to answer the same set of questions, located in Appendix A and
Appendix B. The evolution of the condition report process is described in greater detail below.

%
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Framework for Condition Reports

DPSER Framework

In 2019, ONMS began restructuring sanctuary condition reports based on a model that
describes the interactions between driving societal forces (Driving forces), resulting threats
(Pressures), their influence on resource conditions (State), the impact to derived societal
benefits (Ecosystem services), and management responses (Response) to control or improve
them. Earlier condition reports were structured around a Pressures-State-Response framework;
however, this approach was expanded to better understand the drivers that influence pressures
as well as resulting changes in ecosystem service benefits and how these might influence
management actions (ONMS, 2018a). The DPSER framework recognizes that human activities,
the primary target of management actions, are linked to demographic, economic, social, and/or
institutional values and conditions (collectively called drivers). Changes in these drivers affect
the nature and level of pressures placed on both natural and heritage resources, which
determines their condition (e.g., the quality of natural resources or aesthetic value). This, in
turn, affects the availability of benefits that humans receive from the resources (ecosystem
services?), which prompts targeted management responses intended to prevent, reduce, or
mitigate undesirable changes (see Figure FCR.1).

1 For the purposes of this report, ecosystem services are defined as benefits that humans desire from the
environment (e.g., recreation, food). They are what link humans to ecosystems, can be goods (e.g., food)
or services (e.g., coastal protection), are valued to varying degrees by various types of users, and can be
regulated directly by the environment or managed by controlling human activities or ecosystem
components (e.g., restoring habitats). Whether or not specific services are rendered can be evaluated
directly or indirectly based on attributes of the natural ecosystem that people care about. For example,
recreational scuba divers care about water clarity and visibility in coral reef ecosystems. These are
attributes that can be measured and factored into status and trend ratings to assess ecosystem services.
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Framework for Condition Reports

Drivers f \

Characteristics that influence the nature and extent of modify
pressures on resources (e.g., demographics, economic
circumstances, societal values, and/or policy)

]
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processes that threaten resources
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or restore
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Condition of water, habitat, living resources, maritime elicits
heritage resources, and human dimensions [

|
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|
{ Pressures modiy
|

Ecosystem Services elicit
Cultural, provisioning, and regulating

outputs that benefit people \ /

Figure FCR.1. This diagram of the DPSER framework illustrates the functional connections between
components and the targets of management responses designed to modify driving forces, pressures, and
resource conditions. Image: NOAA
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About This Report

The purpose of a condition report is to use the best available science and most recent data to
assess the status and trends of various parts of the sanctuary’s ecosystem. The first condition
report for GFNMS was released in 2010 (ONMS, 2010); ratings from that report are provided in
Appendix E. Two notable management changes have occurred since the last condition report. In
2015, the sanctuary expanded and changed its name from Gulf of the Farallones National
Marine Sanctuary to Greater Farallones National Marine Sanctuary. In 2021, the staff merged
with Cordell Bank National Marine Sanctuary to form one joint management unit to administer
the two sanctuaries (however, this condition report focuses solely on GFNMS). This updated
condition report marks a second comprehensive description of the status and trends of
sanctuary resources and ecosystem services. Because of the considerable differences between
the sanctuary’s coastal and offshore region and estuarine and lagoon region, these two
environment types were assessed separately. The findings in this condition report document
status and trends in water quality, habitat, living resources, maritime heritage resources, and
ecosystem services from 2010—2022, unless otherwise noted. The report helps identify gaps in
current monitoring efforts, as well as causal factors that may require monitoring and potential
remediation through management actions in coming years. The data presented will not only
enable sanctuary resource managers and stakeholders to acknowledge and have a shared
perspective on prior changes in resource status, but will also inform management efforts to
address challenges stemming from pressures, such as increasing coastal populations and climate
change.

The findings in this condition report will provide critical support for identifying high-priority
sanctuary management actions and will specifically help to shape updates to the GFNMS
management plan. The management plan helps guide future work and resource allocation
decisions at GFNMS by describing strategies and activities designed to address priority issues
and advance core sanctuary programs. The next update to the sanctuary management plan will
build on the 2014 management plan, which details a number of actions to address issues and
concerns (ONMS, 2014a). Updating the management plan will involve significant public input,
agency consultation, and environmental compliance work, and, depending on the complexity of
actions proposed, may take one to three years to complete.

The State of Resources section of this document reports the status and trends of water quality,
habitat, living resources, and maritime heritage resources from 2010-2022, unless otherwise
noted. The State of Ecosystem Services section includes an assessment of human benefits
derived from science, education, heritage, sense of place, consumptive recreation, non-
consumptive recreation, commercial harvest, and coastal protection within the sanctuary.

In order to rate the status and trends of resources, human activities, and ecosystem services,
sanctuary staff consulted with a group of non-ONMS experts familiar with resources, activities,
and services in the sanctuary (Appendix C). These experts also had knowledge of previous and
current scientific efforts in the sanctuary. Evaluations of status and trends were based on the
interpretation of quantitative and, when necessary, qualitative assessments, as well as
observations of scientists, managers, and users.

viii
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About This Report

Two other important changes to the condition report process since 2010 should be noted. First,
in response to feedback provided to ONMS, the process used to generate the current condition
report is more quantitatively robust and repeatable. This was achieved by using the NOAA
Integrated Ecosystem Assessment framework (NOAA, 2020), which takes a data-driven
approach to developing indicators for key components of the ecosystem. Status and trend
assessments can then be made for the selected indicators over time. This approach ensures that,
whenever possible, the expert community has quantitative data representative of core ecosystem
components available to them as they contribute to assessment ratings. These indicators
continue to be tracked over time, and updated time series data can be used in subsequent
assessments.

The second improvement pertains to communication of confidence, which was not done in a
consistent way in earlier reports. Determination of confidence is now based on an evaluation of
the quality and quantity of data used to determine the rating (e.g., peer-reviewed literature,
expert opinion) and the level of agreement among experts (Appendix C). The new approach
allows for a consistent and standardized characterization of confidence. The symbols used for
status and trend ratings have been modified to depict levels of confidence as judged by the
expert panel.

This condition report meets the aforementioned standardized format and framework prescribed
for all ONMS condition reports. To the extent possible, authors have attempted to make each
section’s narrative consistent and comparable in terms of content, detail, and length; however, it
is important to understand that each section contains different types and amounts of
information given the realities and confines of data sets and expert opinions that were available
during this process. Finally, ratings reflect the collective interpretation of sanctuary staff and
outside experts based on their knowledge and perception of local conditions. When the group
could not agree on a rating, sanctuary staff determined the final rating with an
acknowledgement of the differences in opinion noted in the report. The interpretation, ratings,
and text in this condition report are final and the responsibility of ONMS. To emphasize this
important point, authorship of the report is attributed to ONMS; subject matter experts are not
authors, though their efforts and affiliations are acknowledged in the report. This report has
been peer reviewed and complies with the White House Office of Management and Budget's
peer review standards, as outlined in the Final Information Quality Bulletin for Peer Review
(White House Office of Management and Budget, 2004).
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Executive Summary

Greater Farallones National Marine Sanctuary (GFNMS) was designated in 1981 and expanded
to its current size of 3,295 square miles in 2015. GFNMS is located off the California coast,
extending west of southern Mendocino, Sonoma, Marin, San Francisco, and San Mateo counties.
The sanctuary extends from the mean high tide line, with exceptions, to the continental margin
at or about the 10,000-foot depth contour. The sanctuary is adjacent to Cordell Bank National
Marine Sanctuary (CBNMS), sharing CBNMS’s northern and eastern boundaries, and Monterey
Bay National Marine Sanctuary (MBNMS), sharing MBNMS’s northern boundary. GFNMS
includes Estero Americano, Estero de San Antonio, Tomales Bay, and Bolinas Lagoon, as well as
the waters surrounding the Farallon Islands.

1
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Executive Summary

GFNMS encompasses 3,295 square miles, and is located off the northern and
central California coast. Image: Dayna McLaughlin/NOAA
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Executive Summary

This condition report uses the best available information to assess the status and trends of the
sanctuary’s resources and ecosystem services from 2010 to 2022. The report, structured around
a Drivers-Pressures-State-Ecosystem Services-Response model, covers water quality, habitat,
living resources, and maritime heritage resources, and also includes the first evaluation of the
status and trends of ecosystem services—the ways humans derive benefits from different
ecosystem attributes that they care about for their lives, lifestyles, and livelihoods.

Pressures on the Sanctuary

The primary pressures identified for GFNMS were climate change, land use, marine harvest
activities, vessel activity, marine debris, wildlife disturbance, and non-indigenous species. Below
is a summary of the primary pressures and the status of these pressures in the sanctuary.

Climate change affects all aspects of the sanctuary, including, but not limited to, water quality,
species abundance and distribution, human activities, and ecosystem services. The climate-
related pressures of greatest concern are rising ocean temperatures, marine heatwaves, habitat
compression, and ocean acidification, as well as sea level rise and changes in storm frequency
and intensity, which can cause secondary pressures such as changes to shorelines and sediment
transport. The marine heatwave in 2014—2016 was a significant event that resulted in
unprecedented ecological and economic impacts in the region.

-

Greater Farallones National Marine Sanctuary has seen a series of compounding stressors that have led
to extensive kelp declines in recent years, starting in 2014 (up to 95% in some regions) and loss of critical
ecosystem function. Photo: Steve Lonhart/NOAA
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Executive Summary

Land use activities adjacent to the sanctuary, such as agriculture, transportation, urbanization,
and construction create pollutants, including sediments, plastics, and chemicals that impact
water quality, marine species, and habitats. In addition, artificial structures that harden or
stabilize shorelines in and around Bolinas Lagoon and Tomales Bay (such as seawalls, rip rap,
roadways, etc.) can reduce habitat quality and availability, as well as reduce natural buffering
capacity, but are fairly minimal in the sanctuary. Historic mercury mining led to the impairment
of Tomales Bay and connected watersheds.

Commercial and recreational fishing in GFNMS contribute to the local economy and culture,
support jobs, and provide food, but also impact sanctuary habitats and species through harvest,
bycatch, seafloor impacts, lost gear, and wildlife entanglement. Entanglement of humpback
whales in Dungeness crab gear, as well as other types of debris, is a concern in GFNMS.
Aquaculture operations in Tomales Bay produce marine debris and alter habitat through
infrastructure installations on the seafloor.

Vessel impacts include damage to seafloor habitat from anchoring or grounded or sunken
vessels; discharge of oil and sewage and debris in the water; air and water pollution via exhaust
gas emissions; and noise pollution. Although no major vessel oil spill events occurred in the
sanctuary during the study period, small oil discharges did occur, and cruise ships discharged
large amounts of untreated blackwater and graywater, membrane bioreactor sludge, exhaust gas
cleaning system effluent, and food waste. Unpermitted vessel moorings have been removed from
Tomales Bay, which appears to have allowed eelgrass beds to recover. In addition to impacts on
habitat, vessels may also directly affect living resources; vessel strikes to whales can lead to
injury or death of the whale and are a concern in GFNMS.
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Executive Summary

)

Abandoned, derelict, or grounded vessels can damage sanctuary ecosystems by scouring or crushing
sensitive marine habitats or by discharging oil and/or hazardous substances into the ocean. Photo: U.S.
Coast Guard
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Executive Summary

Marine debris enters the sanctuary from both water and land-based activities, accumulates in
the water column and benthic habitats, and also poses a risk of ingestion by wildlife. Marine
debris of many varieties has been observed in all habitats in the sanctuary, and has entangled
wildlife and damaged sensitive habitats and species. Lost fishing gear is the most common type
of debris observed in benthic habitat.

When larger marine debris enters the sanctuary and sinks, it disturbs the seafloor environment,
potentially crushing sensitive habitats and/or species. Photo: Ocean Exploration Trust/NOAA

Wildlife disturbance includes trampling sensitive intertidal species and close approaches from
humans, dogs, boats, aircraft, and uncrewed aerial systems, which disturb seabirds and marine
mammals. Birds were disturbed primarily by low-flying aircraft, and harbor seals were
disturbed by humans, motorboats, and other sources; however, these disturbances did not
appear to impact population sizes of harbor seals or seabirds or their use of the sanctuary.
Overall levels of wildlife disturbance in recent years were lower compared to the previous
decade.

Non-indigenous species in the marine and estuarine environment can alter species composition,
threaten the abundance and diversity of native marine species, interfere with ecosystem
function and disrupt fisheries. Non-indigenous species are present in GFNMS coastal and
offshore and estuarine and lagoon habitats.
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Executive Summary

Status and Trends of Sanctuary Resources

In addition to describing pressures on the sanctuary, the condition report rates the status and
trends of water quality, habitat, living resources, maritime heritage resources, and ecosystem
services in GFNMS. Coastal and offshore environments were evaluated separately from
estuarine and lagoon environments in the report. Representative data indicators were selected
for each section that would be informative of the status and trend of conditions in the sanctuary.
Criteria for data indicator selection included: long-term data availability, importance to the
ecosystem and culture, responsiveness to changes in environmental conditions, measurability,
relevance to sanctuary condition report questions, and responsiveness to management actions.
The section below summarizes the most noteworthy results.

Water Quality

Climate change has affected water quality in the coastal and offshore environment of GFNMS. In
the offshore environment, marine heatwaves in 2014—2016 and 2019 were correlated with
harmful algal blooms and habitat compression. There were also more instances of unusually
high sea surface temperature during the study period, and ocean acidification was evident at
deeper offshore depths. Eutrophication (excessive algae growth resulting from increased
nutrient input) was not present in the offshore environment.
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Algal blooms affect the food web in the offshore environment and can result from warm water conditions.
Photo: Dru Devlin/NOAA
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Water quality in the estuarine and lagoon environment was impacted by climate stressors such
as increased sea surface temperatures, as well as a decline in precipitation and associated
increase in salinity. In Tomales Bay, there was an overall decrease in corrosive conditions for
shell forming species over the study period, but corrosive conditions were present during the
winters.

Water quality issues also posed a risk to human health in both the coastal and offshore and
estuarine and lagoon environments. In coastal and offshore environments, levels of toxins
exceeding regulatory thresholds were present. The biotoxin saxitoxin, which causes paralytic
shellfish poisoning, exceeded regulatory thresholds in offshore shellfish samples in most years.
The Dungeness crab fishery experienced temporary closures due to domoic acid in 2015-2018.
Beach advisories for water contact due to elevated pathogenic bacteria were issued for some
beaches in Sonoma and Marin counties.

G K % . 2 N , P

Dungeness crab is a valuable fishery on the west coast and is vulnerable to closures due to levels of
toxins exceeding regulatory thresholds. Photo: Austin Trigg/NOAA

In estuaries, advisories were in place to limit consumption of some fish species from Tomales
Bay due to mercury contamination, saxitoxin concentrations exceeded the regulatory threshold
in 2013, 2014, 2017, 2018, and 2019, and shellfishery closures occurred every year due to
rainfall, saxitoxin, Vibrio, or norovirus. Tomales Bay was listed as an impaired body under
Section 303(d) of the Clean Water Act due to sedimentation/siltation, nutrients, mercury, and
pathogens, while Estero Americano and Estero de San Antonio were listed as impaired due to
nutrients and sedimentation. Beaches in Tomales Bay had beach advisories due to elevated
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levels of fecal coliform bacteria on 131 occasions from 2010—2021. Other water quality concerns
in the sanctuary included microplastic pollution and vessel discharges, however there were
limited data available to evaluate the status and trends and assess the impacts to the sanctuary
from these stressors. Most water quality parameters are measured by partners.

Habitat

In the coastal and offshore environment, kelp habitat decreased by over 90% since 2014 and has
not recovered. Rocky intertidal habitat was stable based on the percent cover or abundance of
key habitat-forming species. Levels of shoreline armoring remained low at 2% of shoreline
armored, with no new armoring added during the study period. The majority of beaches in
GFNMS are experiencing erosion that threatens beach and dune ecosystems, but more
information is needed to assess the trends in sediment dynamics. In deep-sea habitats that were
explored in GFNMS, diverse communities of corals, sponges, other invertebrates, and fish were
observed. However, only a small portion of this habitat has been explored, and more
information is needed to be able to fully characterize this habitat and track trends. There is
concern about impacts to benthic habitat from active and lost fishing gear and derelict or
sunken vessels, but more information is needed to fully characterize the impacts.

King tide events, when extra-high tides occur, show what the future holds for coastal beaches; beaches
are expected to become narrower, reducing habitat for species that use them. Photo: Wendy Kordesch
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In the estuarine and lagoon environment, there were no losses to marsh and mudflat habitat
during the study period, although the amount of this habitat had been reduced from historic
levels. Restoration projects have improved water quality and circulation and allowed native
vegetation to increase, but more data are needed to determine the trend. The extent of eelgrass
habitat in Tomales Bay appears to be increasing as a result of removing unpermitted moorings
from eelgrass beds, but continued monitoring is needed to fully understand the trend, and
additional measurements are needed to better understand the health and ecosystem function of
the eelgrass beds.

GFNMS has experienced a 90% loss of bull kelp with minimal natural recovery in the sanctuary as a
result of a series of compounding stressors resulting from climate change. Photo: Steve Lonhart/NOAA

Contaminants were documented in sanctuary habitats. In the offshore environment, mercury
was present in sediment samples collected offshore from Stinson Beach, and levels significantly
increased over time during the study period, but remained below the threshold for negative
effects to marine organisms. Multiple contaminants in Dungeness crab were below regulatory
thresholds, except for mercury in 2010 and PCBs in 2015. Tarballs were present on coastal
beaches; although not definitive, tests showed that these tarballs likely came from natural seeps.
There were no major oil spills during the study period. Mercury is present in Tomales Bay due to
historic mining. After remediation in 1999—2000, mercury was still present, but had decreased
in the bay’s sediment.
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Living Resources

In the coastal and offshore environment, sea stars were decimated by sea star wasting disease.
This resulted in an increase in their prey, purple urchins, which extensively fed on kelp and
contributed to bull kelp loss and lack of recovery. Although the abundance of prey species
naturally fluctuates, in recent years, there was a notable increase in anchovy and decline in krill,
and, following peaks in abundance, decreases in juvenile rockfish in the offshore environment.
White sharks were abundant and were estimated to be increasing.

Densities of humpback whales increased in the sanctuary during the study period, but the status
of humpback whales is a concern because they face several threats in and around GFNMS,
including ship strikes, entanglements, and climate-related changes in forage species and habitat
compression. Habitat compression, when cool, upwelled water is restricted to the coast instead
of across the continental shelf, affects forage species distribution and abundance, which
subsequently increases the overlap of whales and human activities, such as shipping and fishing,
making whales more vulnerable to ship strikes and entanglement.

Seabird abundances at the South Farallon Islands remained stable or increased over the past
couple of decades, while shorebird presence along the mainland remained stable or decreased.

F gt . R LY ,
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Common murres breed on the Farallon Islands and depend on the productive food available in the
sanctuary nearby for reproductive success. Photo: Danielle Devincenzi
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Rocky intertidal species showed variability over time, but overall species abundances or percent
cover remained stable or increased once the 2014—2016 marine heatwave subsided, with the
exception of northern rockweed, which decreased.

In the estuarine and lagoon environment, native Olympia oysters are present. Although their
population size was unknown for this study period, it was thought to be low. Shorebird
encounter rates declined in the sanctuary, consistent with declines in global populations of
shorebirds. The encounter rates of brant, a small sea goose, were variable in the past several
decades and were at the low end of the range in recent years.

Eighty-four non-indigenous species have been documented in the sanctuary. The most notable
species are the European green crab and the Japanese mud snail; both species can have
measurable impacts but are currently restricted to specific locations in estuarine and lagoon
habitat.

Overall, biodiversity in the sanctuary was within the expected range of long-term natural
variability, although data in the estuarine and lagoon environment was insufficient to assess this
component. Shifts in species distribution resulting from the 2014-2016 marine heatwave may
have affected the biodiversity of the sanctuary in both positive and negative ways.

Maritime Heritage Resources

Shipwrecks and doghole ports are the primary documented tangible maritime heritage
resources in the coastal and offshore environment of GFNMS. Of the records of hundreds of
possible shipwrecks in the sanctuary, only a small fraction have been confirmed and
documented, and 14 of the 24 doghole ports have been documented. Although these sites are not
monitored, human impacts to resources were thought to be minimal, with natural degradation
as the primary threat. Further exploration and assessment could reveal additional historical
resources in GFNMS.

Status and Trends of Ecosystem Services

Ecosystem services evaluated in the report included science, education, heritage, sense of place,
consumptive recreation, non-consumptive recreation, commercial harvest, and coastal
protection.

GFNMS has several long-term monitoring projects that have provided critical scientific
information to inform the sanctuary and guide management actions. Through work on these
projects, staff have developed partnerships with many agency, non-profit, and academic
scientists, and the science findings have been shared through presentations, reports, and
articles. However, research and monitoring is minimal in some habitats, such as estuarine and
lagoon and deep-sea habitats, and there are significant challenges to accessing some portions of
the sanctuary due to weather, hazardous diving conditions, and limited vessel capabilities,
which limited the capacity to conduct research in these areas.
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GFNMS has been monitoring the offshore enwronment through the collaborative AppI|ed Callforma
Current Ecosystem Studies monitoring program with Point Blue Conservation Science. Photo: Sophie
Webb/NOAA and Point Blue Conservation Science

The education program of GFNMS has a diverse repertoire of offerings to reach students and
teachers in formal classroom settings, as well as informal education and outreach to general
audiences. The demand for sanctuary school education programs exceeded the capacity of
GFNMS staff, facilities, and funding, limiting the ability to reach new audiences and engage the
diverse communities of the San Francisco Bay Area in sanctuary education.

Hundreds to thousands of years of maritime and coastal history contribute to the rich heritage
of the GFNMS region, and the sanctuary supports the heritage ecosystem service through
protection of historic shipwrecks and places, interpretation through exhibits and programs, and
partnerships with regional museums and organizations. As a result of the sanctuary expansion
north along Sonoma County and into Mendocino County and increased recognition of the
important maritime heritage resources in the expanded boundaries, the ability to support this
service has improved, but more information, collaboration, and partnership is needed. There is
a need to identify and characterize iconic heritage locations and locate and assess shipwrecks so
that the sanctuary can protect these special places.

The sanctuary’s long shoreline and proximity to a major metropolitan area provides access
points to connect many communities in north-central California to the sanctuary. GFNMS
cultivates this community connection and sense of place through media (film, video, and
photograph), field trips, and volunteer opportunities.
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Sanctuary habitats provide opportunities for non-consumptive recreation, including wildlife
viewing, board sports, kayaking, diving, beachgoing, and tidepooling. The productive ocean
ecosystem in GFNMS has supported wildlife viewing businesses, with some increase in demand
observed. Engagement in recreational activities like surfing, stand-up paddle boarding, and
wildlife watching from shore and from vessels appear to have increased in GFNMS.

The waters of the sanctuary provide the ecosystem service of commercial and recreational
consumptive harvest. Fisheries in the region are considered abundant and diverse, with
Dungeness crab, salmon, and groundfish commonly targeted for both commercial and
recreational fisheries, along with other species. Recent changes in ocean temperature and
extensive harmful algal blooms have impacted fisheries, causing crab fishery opening delays and
closures to mitigate harmful algal bloom exposure and fishing gear entanglement risk to whales,
and contributed to the loss of kelp, resulting in the collapse of the red abalone sport fishery.

GFNMS provides a fantastic wildlife viewing experience for recreational kayakers. Photo: Sara
Heintzelman/NOAA

Climate-change-related impacts, such as extreme storm events, rising sea levels, marine
heatwaves, ocean acidification, and increased erosion, negatively impact livelihoods dependent
on a healthy ocean environment, such as commercial fishing, recreational operations, and
tourism economies. Additionally, these impacts can affect shoreline stability and access for
coastal communities and participation in recreational activities such as diving, beach combing,
and tidepooling, compromising the sanctuary’s capacity to provide these ecosystem services.
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Response to Pressures

Since the last condition report, the sanctuary has responded to pressures by developing more
robust, new, and extensive monitoring projects to better understand impacts and measure
management effectiveness. Since 2015, shoreline monitoring has been extended north into
Mendocino County to understand human uses, wildlife presence, and identify potential threats
to the sanctuary. Offshore monitoring has been opportunistically extended north off of Sonoma
County when NOAA ships are available to monitor vessel traffic, wildlife, water quality, and
threats. The data collected from sanctuary and partner monitoring projects have been used by
GFNMS’s Seabird Protection Network project to address seabird disturbance from vessels. As a
result, a decrease in vessel disturbance has been observed at breeding seabird colonies. After
GFNMS clarified NOAA low overflight zone regulations and initiated a pilot engagement project,
recorded disturbance to seabirds from low-flying aircraft decreased. Since 2010, GFNMS has
been working to reduce ship strikes to whales in the sanctuary. After implementing seasonal
voluntary vessel speed reduction throughout the sanctuary and sending letters to the shipping
industry, GFNMS observed 61% of all the vessels 300 gross tons or larger traveling at speeds of
10 knots or less in 2022 resulting in an approximate 25% reduction in risk in lethal ship strikes
to endangered blue whales and endangered and threatened humpback whales, compared to
2015 transits, in the sanctuary. The sanctuary has observed eelgrass returning to sites where
unpermitted moorings were removed in Tomales Bay. Data collected by the sanctuary to
characterize deep sea coral and sponge habitat has been provided to the Pacific Fisheries
Management Council and used by the council to develop fisheries policies that reduce impacts to
sanctuary benthic habitat.
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The co-occurrence of whales and ships in space and time creates an elevated risk of fatal vessel strikes
on endangered whales. Photo: Adam Ernster/NOAA

Recognizing that climate change had the potential to be the biggest threat to the health of the
sanctuary, the sanctuary developed a systematic approach to understanding and addressing
climate impacts. A climate impact report was developed with the guidance of the Sanctuary
Advisory Council to document observed and predicted climate impacts to the sanctuary. The
advisory council used the climate impacts report to advise the sanctuary on biological and
physical climate change indicators to monitor. Building off the two reports, the sanctuary
conducted an expert-guided climate vulnerability assessment to identify the most vulnerable
species, habitats, and ecosystem services in the sanctuary. The climate vulnerability assessment
was used by the advisory council to provide a suite of recommended actions to GFNMS, which
were then used as a foundation for the sanctuary’s climate adaptation plan, which describes
strategies and actions to address the greatest climate threats in the sanctuary. GFNMS has been
implementing the strategies in the adaptation plan, including prioritizing whale and deep-sea
coral protection, restoring coastal habitats that sequester carbon, investigating offshore habitats
that sequester carbon, and working with Bay Area agencies to develop coastal resilience
strategies.

To ensure the current and next generation of ocean stewards are aware of the sanctuary,
understand its ecological importance and importance to a healthy Bay Area community, and
engage in active participation with the sanctuary, GFNMS delivered targeted education projects
that have supported a sense of place and engagement in conservation. Education and outreach
efforts included formal (e.g., teacher workshops and student field trips) and informal (e.g.,
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exhibits and lectures) efforts. Efforts to share the heritage of the sanctuary were done through
sharing information about historic places and ships in the sanctuary, participating in heritage-
related community events, and partnering with museums and parks on exhibits.

Conclusion

In summary, from 2010—2022, GFNMS has focused on reducing human-caused pressures that
have threatened sanctuary resources. GFNMS has made significant contributions that are
responsive to known or emerging pressures, including direct interventions by sanctuary
managers or actions resulting from GFNMS-led partnerships. Recommendations for future
actions are not included in the condition report; however, information is provided on potential
future needs to address pressures that need attention and responses that may need to continue.
This condition report will support the development of a new management plan, and its findings
will serve as an important foundation to help GFNMS set future priorities based on known
needs and ensure current management and regulatory responses are adequate. GFNMS staff
will be fully evaluating the data gaps and information needs highlighted in this report to ensure
the next management plan addresses the highest priority topics and management actions.

Deep-sea corals and sponges provide shelter, especially for larval and juvenile fish and invertebrates;
areas for breeding and brooding; and food for many species of fishes and invertebrates. Photo: Ocean
Exploration Trust/NOAA
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Greater Farallones National Marine Sanctuary
Summary of Resource Conditions

The various resource status and trend evaluations presented in this report are summarized

below. Each question used to rate the condition of and trends in sanctuary resources is listed,
followed by:

1) A set of rating symbols that display key information. The first symbol includes a color
and term to indicate status, the next symbol indicates trend, and a shaded scale adjacent
to both symbols indicates confidence (see key for example and definitions).

2) The status description, which is a statement that best characterizes resource status and
corresponds to the assigned color rating and definition as described in Appendix A. The
status description statements are customized for all possible ratings for each question.

3) The rationale, which is a short statement or list of criteria used to justify the rating.

Status:
Trend: A = Improving == = Not Changing WV = Worsening
A \ixed 2= Undetermined NR = Not Rated
v IXe = = Undetermine = Not Rate
Confidence Scale: Very High =““| Example: This symbol indicates the condition
. was rated “fair” with "medium
High =J§80 confidence” and a “worsening” trend
Medium =ll' with a “very high confidence.
Low =" Confidence  Status Trend Confidence
Fair
- v T
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Summary of Resource Conditions

Drivers and Pressures

Question 1: What are the states of influential human drivers and how are they
changing?

Not rated

Rationale: ONMS and GFNMS staff decided not to rate the status and trend of influential
human drivers at GFNMS. The primary purposes for rating the status and trends of resources
are to use condition reports to assess program effectiveness and to influence management of
human activities and certain natural resource actions. For the most part, drivers are not
manageable, at least not under the authority of the National Marine Sanctuaries Act, nor do
most of them originate at scales relevant to national marine sanctuary management. While
understanding them is important, rating them is not necessary to achieve the goals of the
condition report.
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Question 2: What are the levels of human activities that may adversely influence water
quality and how are they changing?

Coastal and Offshore Region

Status Description: Selected activities have caused
rair  [E30000 measurable resource impacts, but effects are localized and not
widespread or persistent.

Rationale: Consideration of both land- and sea-based activities that pose threats to water
quality indicated a mix of improving and worsening threats. While the number of transits by
large commerecial shipping vessels remained consistent throughout the study period, the
distance transited through the sanctuary decreased. Cruise ships reported illegal discharges in
the sanctuary during the study period. However, there was a decrease in the number of
discharge incidents and volume discharged from barges transporting dredged materials, as
well as a decrease in the number of large oil spills. Lastly, there was a minor increase in land
use along the coast in recent years.

Estuarine and Lagoon Region

Status Description: Selected activities have caused
Fair 00 measurable resource impacts, but effects are localized and not
widespread or persistent.

Rationale: There is a limited amount of quantitative data on human activities that may affect
water quality in GFNMS estuarine and lagoon habitats. Although remediation has occurred at
the inactive Gambonini Mine, mercury remains elevated in Walker Creek and the Walker Creek
Delta. Vessel activities, which elevate the risk for petroleum product releases and potentially
human waste discharge, remain popular in Tomales Bay. There was a minor increase in
developed high-intensity land use, but the associated impacts to water quality in sanctuary
estuaries are unknown. Oil releases from vessels and vehicles occurred, but the volumes and
impacts are generally unknown.
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Question 3: What are the levels of human activities that may adversely influence
habitats and how are they changing?

Coastal and Offshore Region

Status Description: Selected activities have caused
rair 3000 measurable resource impacts, but effects are localized and not
widespread or persistent.

Rationale: Marine debris was documented on beaches regionally and on the surface and the
seafloor in GFNMS. The most commonly found type of debris on the seafloor was commercial
fishing gear. Trawling and crab fishing activities occur each year through large areas of the
sanctuary. In 2020, more areas were opened to trawling in GFNMS. Easy access to some rocky
reefs in the sanctuary, such as Duxbury Reef, resulted in comparatively high human visitation.
The lack of baseline data for these indicators prevented the determination of a trend.2

Estuarine and Lagoon Region

Status Description: Selected activities have caused
T 2 || ] measurable resource impacts, but effects are localized and not
widespread or persistent.

Rationale: There is limited information on specific human activities that may adversely impact
estuarine and lagoon habitat in GFNMS, and ratings were based on a limited number of
relevant indicators for which information was available in Tomales Bay. Removal of moorings
from eelgrass beds since 2016 reduced the potential for damage to eelgrass habitat. Marine
debris was consistently present in Tomales Bay despite some removal efforts. Clamming
activities continued to occur, and activity was likely lower compared to historic levels, though
data were limited. Little to no data were available for all indicators for Bolinas Lagoon, Estero
Americano, and Estero de San Antonio.

2 At the 2022 status and trends workshop, experts assigned a status rating of fair/poor with a high
confidence score. Following the workshop, GFNMS staff reevaluated the indicators, data sets, and expert
input that was received during the workshop and determined that a status rating of fair with low
confidence was more appropriate, as the data did not sufficiently show that impacts were severe during
the study period. See Appendix C for more information regarding these changes.
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Question 4: What are the levels of human activities that may adversely influence living
resources and how are they changing?

Coastal and Offshore Region

Status Description: Selected activities have caused
rair 30000 measurable living resource impacts, but effects are localized
and not widespread or persistent.

Rationale: Vessel activities and trap fisheries affected living resources through ship strikes and
entanglement, potentially affecting the recovery of threatened and endangered species.
Although these activities do not appear to have substantially changed during the study period,
changes in whale distribution increased the risk of ship strikes and entanglements. Pinnipeds
and seabirds were also observed entangled in trash and fishing gear during the study period;
entanglement trends for these species were variable, and there were no apparent effects on
abundance of these species in the sanctuary. Although there were some exceptions, human
activities that disturb seabirds and harbor seals generally remained stable or decreased, and
did not appear to affect wildlife abundance or use of the sanctuary. There were no substantial
oil spills in the sanctuary during the study period, and tar ball deposition was infrequent (and
likely resulted from natural seeps).

Estuarine and Lagoon Region

Status Description: Some potentially harmful activities
Good/Fair [ [1[1] exist, but they have not been shown to degrade living resource

quality.

Rationale: Disturbances to wildlife were documented, but these did not appear to hinder use
of the sanctuary by wildlife. Human activities in GFNMS estuarine habitats were stable from
2010—-2019, but increased in 2020—2021. Oil pollution from vessels and vehicles was observed
but not quantified in Bolinas Lagoon and Tomales Bay.
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Question 5: What are the levels of human activities that may adversely affect maritime
heritage resources and how are they changing?

Coastal and Offshore Region

Status Description: Some potentially damaging activities
Good/Fair V[0 exist, but they have not been shown to degrade maritime
heritage resource condition.

Rationale: The levels of human activities that may adversely affect maritime heritage resources
are not thought to have caused widespread impacts during the study period; for some
indicators, no adverse impacts are known. Potentially damaging human activities in the coastal
and offshore region of the sanctuary have occurred, including scuba diving and commercial
fishing, but these are not thought to have caused widespread impacts during the study period.
Anecdotal information from divers indicated a decrease in looting at maritime heritage sites
since sanctuary designation, and no looting was documented during the study period.
Additionally, there was no new nearshore or offshore development in the coastal and offshore
region of GFNMS. A few adverse impacts were observed; for example, commercial fishing gear
was documented on two shipwrecks, the SS Selja and the TV Puerto Rican. Climate impacts are
likely occurring and are of concern, but difficult to measure without comprehensive site
baseline data or regular monitoring. The lack of systematic monitoring of all GFNMS maritime
heritage sites limited this assessment.

Estuarine and Lagoon Region

Status Description: Few or no activities occur at maritime
(|]] cood [a]]] heritage resource sites that are likely to adversely affect their

condition.

Rationale: There is one known historic maritime heritage resource in the estuaries of GFNMS,
the shipwreck Oxford. The remains of the wreck are submerged and buried under sediment,
which provides a measure of protection from human activities. During the study period, only
one research activity allowing contact with the submerged lands at the shipwreck site was
permitted, to confirm the wreck’s presence. This research activity likely had negligible adverse
impacts on the wreck. The site has not been revisited for further research. Oxford is not located
where vessels are known to anchor. Commercial herring fishing was low during the study
period compared to historic levels and has not resulted in known adverse impacts on the wreck.
There are data gaps for all indicators, particularly related to climate change, and there is a need
to determine if there are other maritime heritage resources in the GFNMS estuarine and lagoon
region.
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Water Quality

Question 6: What is the eutrophic condition of sanctuary waters and how is it
changing?

Coastal and Offshore Region

Status Description: Eutrophication has not been

([]]] oo [2]]]] documented, or does not appear to have the potential to

negatively affect ecological integrity.

Rationale: Eutrophication was not detected in the coastal and offshore region of GFNMS
based on nutrient concentration, phytoplankton community composition, chlorophyll a
concentration, and net primary productivity. There was no evidence to suggest that there have
been major influxes of nutrients into these areas of the sanctuary. A lack of year-round data for
most indicators limited the assessment of trends during the study period.

Estuarine and Lagoon Region

Status Description: Eutrophication is suspected and may
GoodrFair [“H001 degrade some attributes of ecological integrity, but has not
yet caused measurable degradation.

Rationale: Data documenting eutrophication were limited. While spikes in chlorophyll a and
dinoflagellate/diatom relative abundance index and low dissolved oxygen occurred in some
years, this was generally sporadic and did not suggest widespread eutrophication throughout
the study period, and no signs of negative effects on ecological integrity were detected.
However, Tomales Bay, Estero Americano, and Estero de San Antonio have been listed as
impaired water bodies due to high levels of nutrients.
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Question 7: Do sanctuary waters pose risks to human health and how are they
changing?

Coastal and Offshore Region

Status Description: Water quality problems have caused
rair 000 measurable human impacts, but effects are localized and not
widespread or persistent.

Rationale: The presence of biotoxins posed a threat to human health and resulted in fishery
closures during the study period. In addition, swimming advisories were issued for some
beaches adjacent to the sanctuary due to elevated levels of pathogenic bacteria; however, no
beaches were listed as impaired water under the standards of the Clean Water Act. Mercury
and PCBs were below regulatory thresholds during the study period except in 2010 and 2015,
respectively. Although there were some improvements in beach water quality, worsening levels
of biotoxins and fishery closures were of concern.

Estuarine and Lagoon Region

Status Description: Water quality problems have caused
rair 30000 measurable human impacts, but effects are localized and not
widespread or persistent.

Rationale: Saxitoxin exceeded thresholds in some years in Tomales Bay, but domoic acid was
consistently below the detection limit. Shellfishery closures occurred regularly in Tomales Bay,
primarily due to rainfall, but also as a result of norovirus, Vibrio, or saxitoxin. A norovirus
outbreak linked to oysters cultured in Tomales Bay sickened 44 people in 2018—-2019. Tomales
Bay, Estero Americano, and Estero de San Antonio were listed as impaired bodies of water, and
beach advisories were issued for Tomales Bay throughout the study period without a clear
trend. Mercury contaminant levels were high for some species in Tomales Bay, and
recommendations to limit consumption were issued. Data were generally unavailable for
human health indicators in Estero Americano, Estero de San Antonio, and Bolinas Lagoon.
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Question 8: Have recent, accelerated changes in climate altered water conditions and
how are they changing?

Coastal and Offshore Region

Status Description: Climate-related changes have caused
Fair  E2000 measurable but not severe degradation in some attributes of
ecological integrity.

Rationale: Increased positive sea surface temperature anomalies were associated with two
marine heatwave events during the study period. The marine heatwave in 2014—2016 resulted
in unprecedented ecological and economic impacts. Habitat compression was high during the
2014—-2016 and 2019 marine heatwaves, but there was no change in the habitat compression
index during the study period. Low dissolved oxygen was observed at multiple sampling depths
in multiple years, and hypoxic events were observed, typically in deeper water. Low aragonite
saturation corresponding to corrosive conditions was observed, especially at deeper locations.

Estuarine and Lagoon Region

Status Description: Climate-related changes have caused
T 2 || ]| measurable but not severe degradation in some attributes of
ecological integrity.

Rationale: Data were only available for Tomales Bay, limiting the ability to assess this
question. Sea surface temperature increased significantly during the study period, and positive
anomalies were associated with marine heatwaves in 2014—2016 and 2019. Aragonite
saturation increased during the study period, but was seasonally low enough to result in
corrosive conditions. Stream flow into Tomales Bay decreased over time, and was lower than
historical median discharge values in some years; salinity increased during the study period.3

3 Status and trend ratings and associated confidence scores were not determined during the expert
workshop. Following the workshop, GFNMS staff reevaluated the indicators, data sets, and expert input
that was received during the workshop and made a final determination for the status and trend ratings
and associated confidence scores.
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Question 9: Are other stressors, individually or in combination, affecting water quality,
and how are they changing?

Coastal and Offshore Region

Status Description: Selected stressors are suspected and
Good/Fair 1[I may degrade some attributes of ecological integrity, but have
not yet caused measurable degradation.

Rationale: Microplastics were present in the sanctuary, but in lower abundance compared to
more heavily developed coastal areas. Although discharges from U.S. Coast Guard vessels
remained low, numerous illegal discharges into the sanctuary from cruise ships were
documented during the study period. However, the volume of dredged material illegally
discharged into the sanctuary decreased significantly. Vessel discharges and small oil spills
were observed, but their impacts were not assessed or documented; no large spills occurred
during the study period. Atmospheric emissions and illegal exhaust gas cleaning system
discharges from vessels may result in harmful water quality impacts, but these have generally
not been quantified in the sanctuary. It is unknown whether disruptions to natural sediment
movement have affected turbidity.4

Estuarine and Lagoon Region

Status Description: Selected stressors have caused
T 2] measurable but not severe degradation in some attributes of
ecological integrity.

Rationale: Pathogens from human and animal waste were prevalent in Tomales Bay; however,
management actions have been taken to address this issue. Microplastics were detected in
Tomales Bay sediments and biota, suggesting they were also present in the water column.
There have been measurable improvements in sediment transport and tidal prism in Bolinas
Lagoon due to restoration activities. Trend data were unavailable for most indicators, and no
data for Estero Americano or Estero de San Antonio were available.

4 A status rating and associated confidence score were not determined during the expert workshop.
Following the workshop, GFNMS staff reevaluated the indicators, data sets, and expert input that was
received during the workshop and made a final determination for the status rating and associated
confidence score.
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Summary of Resource Conditions

Habitat

Question 10: What is the integrity of major habitat types and how are they changing?

Coastal and Offshore Region

Status Description: Selected habitat loss or alteration has
Fair 000 caused measurable but not severe degradation in some
attributes of ecological integrity.

Rationale: There has been a significant loss of kelp canopy cover, stipe density, and understory
algae and a proliferation of urchin barrens during the assessment period, resulting in a decline
in habitat integrity. Sediment imbalances occurred along sandy beach habitat; however,
shoreline armoring was stable during the study period. Structure-forming species within the
rocky intertidal habitat were apparently stable in general. Healthy deep-sea coral and sponge
habitats were documented in the sanctuary; however, sunken marine debris was also found at
these sites.

Estuarine and Lagoon Region

Status Description: Selected habitat loss or alteration has
rairPoor [ B000 caused severe degradation in some but not all attributes of
ecological integrity.

Rationale: Estuarine and lagoon habitats in GFNMS remained significantly degraded
compared to historic levels. There was no evidence that marsh or mudflat habitat has worsened
since the last assessment, and some restoration projects have been undertaken to improve the
integrity of these habitats. Anecdotal evidence suggested that Olympia oysters were low
compared to historic levels. Eelgrass extent varied with no clear trend in Estero Americano and
Estero de San Antonio, but may have increased at Tomales Bay (although differences in
methodology preclude the full assessment of a trend); eelgrass was not present in Bolinas
Lagoon, consistent with earlier surveys. More data are needed to better understand any specific
quantitative changes in mudflat, marsh, and eelgrass over time and to assess the status and
trends of Olympia oyster populations in all estuaries, especially Tomales Bay.
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Summary of Resource Conditions

Question 11: What are contaminant concentrations in sanctuary habitats and how are
they changing?

Coastal and Offshore Region

Status Description: Selected contaminants are suspected
GoodiFair FJBB00  and may degrade some attributes of ecological integrity, but
have not yet caused measurable degradation.

Rationale: Mercury was present in sediments and levels increased. Levels of PAHs and DDT
(and its derivatives) in Dungeness crab samples were below regulatory thresholds during the
study period. Mercury in Dungeness crab exceeded the state limit in 2010 and PCBs in
Dungeness crab exceeded the FDA limit in 2015, but both contaminants were low throughout
the remainder of the study period. Mercury, PAH, PCB, and DDT levels in Dungeness crab
were stable during the study period. Tarball pollution decreased, except for one isolated event
in the winter of 2015—2016.

Estuarine and Lagoon Region

Status Description: Selected contaminants have caused
Fair 00 measurable but not severe degradation in some attributes of
ecological integrity.

Rationale: There is ongoing mercury contamination in sediments and biota in the Walker
Creek Delta in Tomales Bay as a result of historic mining activities in the Walker Creek
watershed. Mercury levels in sediment decreased following cleanup of a key mine site, but total
maximum daily load was exceeded in Walker Creek in multiple years since the cleanup. Vessel
and car sinkings have occurred in the sanctuary’s estuaries, resulting in the release of fuel into
sanctuary habitats, but the volume of contaminants released during these incidents is
unknown. Tarballs, tar patties, and oiled wildlife were not observed on beaches in Tomales Bay
or Bolinas Lagoon during the study period. There were little to no data on contaminants in
Estero Americano, Estero de San Antonio, or Bolinas Lagoon.
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Summary of Resource Conditions

Living Resources

Question 12: What is the status of keystone and foundation species and how is it
changing?

Coastal and Offshore Region

Status Description: The status of keystone and foundation
FairPoor EBBBBI  species suggests severe degradation in some but not all
attributes of ecological integrity.

Rationale: Bull kelp declined significantly in the sanctuary due to a series of events, including
the 2014—2016 marine heatwave and a historic imbalance within the kelp forest ecosystem. Sea
star wasting syndrome led to the loss of the predators of purple urchins, e.g., sunflower and
giant sea stars, allowing the purple urchin population to increase dramatically. Purple urchins
thus overgrazed kelp beds, resulting in a persistent loss of bull kelp. During the 2014—2016
marine heatwave, habitat compression also occurred, resulting in a redistribution of forage
species from further offshore to closer inshore. During cooler water conditions and stronger
upwelling periods, the proportion of krill to less nutritious gelatinous zooplankton was high.
During warmer water conditions, the proportion of krill to gelatinous zooplankton was low.

Estuarine and Lagoon Region

Status Description: The status of keystone or foundation
rair  [EA000 species suggests measurable but not severe degradation in
some attributes of ecological integrity.

Rationale: Eelgrass was documented in Tomales Bay, Estero Americano, and Estero de San
Antonio. Anecdotal observations noted the absence of eelgrass in Bolinas Lagoon prior to and
during the study period. There were dense eelgrass beds in Tomales Bay, which generally
appeared to be healthy, although time series data were limited. Eelgrass wasting disease was
present in Tomales Bay; its extent and impacts are unknown, but its presence is of concern.5

5 A status rating and associated confidence score was not determined during the expert workshop.
Following the workshop, GFNMS staff reevaluated the indicators, data sets, and expert input that was
received during the workshop and made a final determination for the status rating and associated
confidence score.
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Summary of Resource Conditions

Question 13: What is the status of other focal species and how is it changing?
Coastal and Offshore Region

. Status Description: Selected focal species are at reduced
Fair B' ' 'l levels, but recovery is possible.

Rationale: The 2014—2016 marine heatwave greatly impacted the abundance and distribution
of numerous species that are neither keystone nor foundation species, but are considered
important to sanctuary management for other reasons (i.e., other focal species). However,
some focal species remained stable or increased during the study period. Although the relative
abundance of young-of-the-year rockfish was relatively high from 2013-2016, it declined
overall in the Gulf of the Farallones and Monterey Bay region during the study period. The
regional abundance of white sharks increased in Central California. Humpback whale
populations increased gradually on the West Coast, and their densities in GFNMS varied with
krill densities. Since the 2014—2016 marine heatwave, densities of whales and krill increased
slightly. In some years, habitat compression was a key driver of the distribution of forage
species; this shifted the distribution of some focal species from the shelf break to the shelf,
closer to shore, including humpback whales and Cassin’s auklets. Breeding populations of
Brandt’s cormorant, Cassin’s auklet, and common murre increased during the study period.
Encounter rates for shorebirds in the sanctuary were lower during the study period compared
to historic values; encounter rates decreased for willets, although worldwide populations
remained stable or increased, and encounter rates increased slightly for snowy plover. Sea
palm and abalone densities declined during the 2014—2016 marine heatwave; sea palm showed
signs of recovery, but abalone abundances remained very low.

Estuarine and Lagoon Region

Status Description: Selected focal species are at
FairPoor [F 1[I0 substantially reduced levels, and prospects for recovery are
uncertain.

Rationale: Anecdotal observations suggest that Olympia oysters, a native species, were present
in Tomales Bay and Bolinas Lagoon, but no information on their abundance was available.
Brant are thought to be declining throughout their range, but encounter rates for brant in the
sanctuary fluctuated without a clear trend during the study period. Shorebird encounter rates
during the study period were lower than in previous decades, but it is unknown whether this
reflects the global decline in shorebird abundance or a range shift out of the sanctuary.
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Summary of Resource Conditions

Question 14: What is the status of non-indigenous species and how is it changing?

Coastal and Offshore Region

Status Description: Non-indigenous species are not

HERENN suspected to be present or do not appear to affect ecological
integrity (full community development and function).

Rationale: Non-indigenous species were present within the coastal and offshore region of
GFNMS, and the number of non-indigenous species detected increased during the study
period. However, available evidence suggests that the impacts of these species have been
limited. Status and trend data, including abundance, density, and spatial distribution, were
limited for most non-indigenous species of concern, and more long-term monitoring and
systematic surveys are needed.

Estuarine and Lagoon Region

Status Description: Non-indigenous species have caused
rair 30000 measurable but not severe degradation in some attributes of
ecological integrity.

Rationale: Non-indigenous species remained present within the estuarine and lagoon region
of GFNMS and caused measurable degradation at the local level. In particular, European green
crabs in Tomales Bay and Bolinas Lagoon and non-native snails in Tomales Bay have had
negative impacts on native species. The number of non-indigenous species in the sanctuary
increased, but the rate of increase slowed during the study period compared to the last century.
Some species, such as non-indigenous Spartina spp., declined, while others remained stable
(European green crabs) or had variable or undetermined trends (snails). Data for most non-
indigenous species were limited, and more long-term monitoring and systematic surveys are
needed.
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Summary of Resource Conditions

Question 15: What is the status of biodiversity and how is it changing?

Coastal and Offshore Region

Status Description: Selected biodiversity loss or change is
GooarFair 10000 suspected and may preclude full community development
and function, but has not yet caused measurable degradation.

Rationale: Biodiversity was altered compared to near-pristine conditions, but was within the
expected range of long-term natural variability. This is with the possible exception of range
shifts and changes in species composition caused by the 2014—2016 marine heatwave, which,
exacerbated by climate change, may have exceeded natural levels of variation. Benthic infauna
species richness was high compared to areas near San Francisco Bay outflow areas. Rocky
shore community stability was high. Kelp community indicators (fish, invertebrates, and
understory species richness) varied. Forage fish species richness was high and remained stable
over time. Groundfish species density was consistent with long-term means and was stable
during the study period.

Estuarine and Lagoon Region

[ | | [undeterminea| 2 [ [ ] ] Status Description: N/A

Rationale: At the time of the assessment, there were no known comprehensive surveys of
biodiversity in GFNMS estuaries. There was no apparent change in shorebird and marine
mammal species richness during the study period, but these data were not sufficient to assess
biodiversity for the entirety of the estuarine and lagoon region of the sanctuary.
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Summary of Resource Conditions

Maritime Heritage Resources

Question 16: What is the condition of known maritime heritage resources and how is it
changing?

Coastal and Offshore Region

Status Description: Selected maritime heritage resources
exhibit indications of natural or human disturbance, but there

Good/Fair [—|[[] appears to have been little or no reduction in aesthetic,
cultural, historical, archaeological, scientific, or educational
value.

Rationale: Historic sites, properties, and artifacts associated with shipwrecks and doghole
ports are known to exist within GFNMS boundaries. The 2015 expansion of the sanctuary
increased the number of maritime heritage resources within its boundaries. Summary findings
of condition could be made for 13 of the 33 known shipwrecks; all 13 showed structural
degradation. Some impacts to condition were due to physical processes, while others related to
human interactions, although the latter did not appear to be significant. Two shipwrecks
showed signs of fishing gear entanglement; however, neither trawling nor looting was known to
have impacted any shipwrecks during the rating period. Twenty-four historic doghole port sites
have been documented in or adjacent to GFNMS. No other maritime heritage properties were
documented within sanctuary boundaries, though more are likely present. Expert confidence in
the trend assessment was low because of limited evidence due to a lack of systematic site
assessment and monitoring data.

Estuarine and Lagoon Region

Status Description: Known maritime heritage resources

([]] cood |—=]]] appear to reflect little or no unexpected natural or human
disturbance.

Rationale: The one known resource, the shipwreck Oxford, located in Tomales Bay, is buried
by mud, which makes both natural and anthropogenic deterioration less likely. Expert
confidence was low in determining a trend because the assessment was based on one site and a
single survey. Aircraft, doghole ports, and other maritime heritage resources were investigated
as data indicators but no known resources were identified.
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Greater Farallones National Marine Sanctuary
Summary of Ecosystem Services

The various ecosystem service evaluations presented in this report are summarized below. Each
ecosystem service is listed, followed by:

1) A set of rating symbols that display key information. The first symbol includes a color
and term to indicate status, the next symbol indicates trend, and a shaded scale adjacent
to both symbols indicates confidence (see key for example and definitions).

2) The status description, which is a statement that best characterizes status and
corresponds to the assigned color rating and definition as described in Appendix B.

3) The rationale, which is a short statement or list of criteria used to justify the rating.

Status:
Trend: A = Improving == = Not Changing WV = Worsening
A_ Mi 9_ : -
v ixed & = Undetermined NR = Not Rated
Confidence Scale: Very High =““| Example: This symbol indicates the condition
. was rated “fair” with “medium
High =J§80 confidence” and a “worsening” trend
Medium =ll' with a “very high confidence.
Low =l' Confidence  Status Trend Confidence
Fair
- v TITT
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Summary of Ecosystem Services

Cultural Services (Non-material Benefits)

Science — The capacity to acquire and contribute information and knowledge

E—— u" Status Description: The capacity to provide the ecosystem
service is compromised, but performance is acceptable.

Rationale: Long-term scientific data on resources in the sanctuary have been collected for over
30 years, and some projects have grown over time. Data on the sanctuary have been
disseminated through online data portals, publications, reports, and GFNMS-supported
symposia. However, staffing and funding levels have not been adequate to fully support science
activities and data collection in all areas of the sanctuary. Accessing some areas of the
sanctuary was also challenging due to weather, the presence of white sharks (which limits
diving operations), and limited vessel capabilities.

Education — The capacity to acquire and provide intellectual enrichment

: Status Description: The capacity to provide the ecosystem
Good/Fair n"." service is compromised, but performance is acceptable.

Rationale: The quality, diversity, and reach of education programs provided or supported by
GFNMS were considered excellent by experts. Programs reached a wide range of
socioeconomic status levels, geographies, and ages. Educational partnerships were strong and
could be expanded to reach more target audiences with additional financial support. The
diversity of programs offered and the number of participants and collaborators were robust.
The number of people served by various education programs was stable or increased during the
study period. The lack of increased participation for some programs was determined to reflect
limited staff capacity rather than reduced ecosystem function or a lack of desire for programs
among the community. Staff capacity did not meet the community demand for intellectual
enrichment during the study period.
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Summary of Ecosystem Services

Heritage — Recognition of historical and heritage legacy and cultural practices
".'mu““ Status Description: The capacity to provide the ecosystem
service has remained unaffected or has been restored.

Rationale: There has been a gradually increasing amount of recognition of the importance of
heritage by GFNMS staff, community members, and some government agencies. The
expansion of the sanctuary in 2015 approximately doubled its size, thus associating with it a
broader set of communities and additional aspects of maritime heritage (inclusive of historical
and heritage legacy and cultural practices). The ecosystem service of heritage was already well
supported prior to 2010 through events, stories, and management of historic places by various
agencies. New partnerships, events, and exhibits on heritage were initiated by various groups
and agencies, including GFNMS staff. With the 2015 expansion of the sanctuary, new
connections have been made with communities adjacent to the northern area of the sanctuary,
including coastal Indigenous communities. There is a need to include more experts,
particularly from Indigenous communities, in future assessments of this ecosystem service.

Sense of Place — Aesthetic attraction, spiritual significance, and location identity

; Status Description: The capacity to provide the ecosystem
Goed/Fair u“" service is compromised, but performance is acceptable.

Rationale: Many communities have deep connections to the sanctuary and recognize its
unique power as a place that sustains, nurtures, and inspires. These connections to the
sanctuary have been reflected in a variety of exhibits, film, photography, books, and businesses,
as well as in long-term commitments to supporting sanctuary conservation. Experts stated that
although environmental conditions were highly variable and increasingly unpredictable due to
climate change, the aesthetic attraction of the sanctuary remained uncompromised, and it
continued to offer inspiration for individuals and communities. Additionally, experts noted an
increase in coastal recreation activities during the COVID-19 pandemic, as well as an increase
in community awareness of the sanctuary since its expansion in 2015.

Consumptive Recreation — Recreational activities that result in the removal of or harm
to natural or cultural resources

Status Description: The capacity to provide the ecosystem
S 2 | || service is compromised, and existing management would
require enhancement to enable acceptable performance.

Rationale: Though data were limited, there is evidence that commercial passenger fishing
vessel fishing activity and shoreline angling have increased over the past decade. The number
of recreationally harvested rockfish (unspecified species) and Dungeness crab also increased,
while other species varied without a clear trend. Although the Chinook salmon ocean fishery
was reopened following statewide closures just prior to the study period, some stocks that
inhabit the sanctuary were listed as endangered or threatened, and progress toward recovery
has been mixed. Additionally, the sport abalone fishery has been compromised by multiple
stressors and has been closed since 2017.
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Summary of Ecosystem Services

Non-Consumptive Recreation — Recreational activities that do not result in intentional
removal of or harm to natural or cultural resources

: Status Description: The capacity to provide the ecosystem
Good/Fair Bl" service is compromised, but performance is acceptable.

Rationale: Many types of recreational activities take place in the sanctuary, and its capacity to
provide non-consumptive recreation opportunities appeared to be robust. Common activities
included wildlife viewing, surfing, and other board sports, which increased during the study
period, as well as kayaking, tidepooling, and beachgoing, which varied without trend. The
decline of kelp likely contributed to a decrease in scuba diving in the northern portion of the
sanctuary, although more information is needed to fully assess patterns in this activity. Data on
recreational boating in the sanctuary were limited, and available data did not suggest a clear
pattern during the study period. Effects of the COVID-19 pandemic were apparent for multiple
indicators.

Provisioning Services (Material Benefits)

Commercial Harvest — The capacity to support commercial market demands for
seafood products

: Status Description: The capacity to provide the ecosystem
GoodiFair B."' service is compromised, but performance is acceptable.

Rationale: Although certain high-value fisheries, including Dungeness crab and Chinook
salmon, have been impacted by management interventions and environmental pressures, stock
assessments and catch trends indicated satisfactory performance across most key fisheries in
the sanctuary. Despite some challenges, there appeared to be continued participation across a
variety of fisheries. Shellfish aquaculture in Tomales Bay also contributed to commercial
harvest in the sanctuary.
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Summary of Ecosystem Services

Regulating Services (Buffers to Change)

Coastal Protection—Flow regulation that protects habitats, property, coastlines, and
other features

Status Description: The capacity to provide the ecosystem
FairiPoor A 000 service is compromised, and substantial new or enhanced
management is required to restore it.

Rationale: Significant external (e.g., dams and culverts) and some internal built infrastructure
(shoreline armoring) has disrupted the supply of sediment in numerous areas along the already
naturally eroding coastline of GFNMS. The effects have likely been far ranging, and are being
exacerbated by changes in climate that directly affect sediment delivery to coastal ecosystems.
The extent of these influences is not fully understood, but it is clear that substantial
management would be needed to restore natural control of sediment delivery and movement,
as the entirety of the GFNMS coast is actively erosive. There was a lack of information on
changes in shoreline hardening and habitat condition during the study period.
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Sanctuary Setting

Overview

GFNMS is part of the National Marine Sanctuary System—a network of underwater parks
administered by NOAA that encompasses more than 620,000 square miles (1.6 million square
kilometers) of marine and Great Lakes waters. It is located off the California coast, extending
west of southern Mendocino, Sonoma, Marin, San Francisco, and San Mateo counties (Figure
SS.1). From east to west, the sanctuary extends from the mean high tide line, with exceptions, to
the continental margin at or about the 10,000-foot (3,000-meter) depth contour. The sanctuary
is adjacent to Cordell Bank National Marine Sanctuary (CBNMS), sharing CBNMS’s northern
and eastern boundaries, and Monterey Bay National Marine Sanctuary (MBNMS), sharing
MBNMS'’s northern boundary. GFNMS includes Estero Americano, Estero de San Antonio,
Tomales Bay, and Bolinas Lagoon. The sanctuary also includes the waters surrounding the
Farallon Islands.

GFNMS was established in 1981 to protect the largest assemblage of breeding seabirds in the
contiguous United States, as well as large concentra-tions of marine mammals that use these
productive waters. Recognizing GFNMS as one of the most biologically important ecosystems in
the world, the federal gov-ernment expanded the sanctuary in 2015 to encom-pass the nutrient-
rich upwelling zone off of Point Arena. Originally named Point Reyes-Farallon Islands National
Marine Sanctuary and renamed Gulf of the Farallones National Marine Sanctuary in 1987, the
sanctuary was renamed Greater Farallones National Marine Sanctuary in 2015 and now
encompasses 3,295 square miles (8,534 square kilometers). GFNMS has been vested with the
authority, in accordance with the National Marine Sanctuaries Act (1972), to pro-vide
comprehensive and coordinated conservation and management of the nearshore and offshore
wa-ters within its boundaries. In addition, ONMS has directed GFNMS staff to manage the
portion of MBNMS north of the Santa Cruz/San Mateo county line, which encompasses 1,374
square miles (3,559 square kilometers; however, that portion of MBNMS is not assessed within
this condition report).
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Sanctuary Setting
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Figure SS.1. Map of GFNMS, and the adjacent CBNMS and MBNMS. Image: NOAA; Source: Esri, 2020
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Sanctuary Setting

GFNMS protects a complex array of habitats, from exposed rocky head-lands to protected sandy
beaches; open bays to calm estuaries; rocky intertidal habitats to mudflats; offshore islands to
submerged seamounts and kelp forests; and the continental slope, dissected by numerous
submarine canyons, to the deep sea.

Figure SS.2. The Farallon Islands National Wildlife Refuge, surrounded by GFNMS waters and
administered by the U.S. Fish and Wildlife Service, provides habitat for nesting seabirds, as well as
resting and breeding pinnipeds. Photo: J. Roletto/NOAA

Some of the largest and most diverse eastern Pacific assemblages of seabirds and pinnipeds
(seals and sea lions) south of Alaska occur in GFNMS. Large flocks of Cassin's auklets, common
murres, western gulls, and brown pelicans feed on the small fish and crustaceans that are
abundant in the surface waters of the sanctuary. This food source also supports California's
largest breeding population of harbor seals. Large numbers of whales and dolphins, including
California gray whales, humpback whales, and blue whales, are found in the area. Around the
Farallon Islands is one of the world's largest seasonal congregations of adult white sharks.
Twenty-seven endangered or threatened species breed and/or feed in the sanctuary.
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Sanctuary Setting

Regional Cultural History

Figure SS.3. The Point Arena Lighthouse, which overlooks GFNMS, was first built in 1870, then rebuilt in
1908 after the original was destroyed in the 1906 San Francisco earthquake. Photo: Michael Beattie

The history of California’s North Central Coast is predominantly a maritime one. From the
arrival of the early Indigenous peoples 11,000 or more years ago, through the exploration and
settlement of California from the mid-16t century onwards by the English, Spanish, Mexicans,
Russians, Chinese, Italians, and others, coastal waterways have been a main route of travel and
source of subsistence, trade, and supply. Ocean-based commerce and industries, such as
fisheries, hunting for blubber and fur, logging, shipping, military, recreation, tourism, extractive
industries, exploration, and research, are all parts of the maritime history, modern economy,
and social character of this region. Groups that continue to make their homes in the region
include descendants of the original inhabitants. Locations of Pleistocene/Early Holocene
habitation or archaeological sites may possibly be parts of the ancient paleo shoreline, now
submerged by the modern ocean stand (ICF International et al., 2013). Ever-changing human
uses of the region’s ocean and coasts are defining features of its maritime heritage.
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Sanctuary Setting

Indigenous peoples on the west coast of North America had and continue to have many
connections to coastal and ocean resources. Today, there are three federally recognized tribes
along the coastline of GFNMS: the Kashia Band of Pomo Indians, the Manchester Band of Pomo
Indians, and the Federated Indians of Graton Rancheria (GFNMS, 2022a).

San Francisco Bay ports, one of the largest and busiest commercial port complexes in the
country, were developed through fishing, shipping, and economic exchange and are now major
urban areas. Regional economies and populations notably increased as a result of the California
Gold Rush, which started in 1848, turning remote and sparsely populated Yerba Buena into the
multi-cultured, cosmopolitan San Francisco. Coastal harbor communities like Bodega Bay, Point
Arena, and other small ports formed at locations along the coastline where goods were loaded
and unloaded on ships and passengers embarked or disembarked. Cities inland from the
GFNMS coastline, such as Santa Rosa, also became urbanized, bringing millions of residents
and visitors in proximity to GFNMS. In addition to maritime commerce, recreational activities,
including surfing, boating, diving, and fishing, connect people to GFNMS.

Physical Setting
Oceanography

The unique combination of oceanographic conditions and undersea topography create
conditions that support a rich and diverse assemblage of marine species. GFNMS is located in
one of the world’s four major coastal upwelling systems. There are three oceanographic seasons
in this region: upwelling season in the spring and early summer (April-June), relaxation in the
late summer and fall (July—September), and storm season in winter (December—February;
Garcia-Reyes & Largier, 2012).

During the upwelling season, strong northwest winds and the southward flowing California
Current system combine with the earth’s rotation to drive surface waters away from the shore.
These surface waters are replaced by an upwelling of nutrient-rich deeper water from offshore,
which spurs phytoplankton growth and in turn supports zooplankton and fuels higher levels of
the food web. While upwelled waters are rich in nutrients, they are also lower in oxygen and are
more acidic than surface waters, which also influences the ecological community of the
sanctuary. Upwelling is a major oceanographic and ecological process in the sanctuary and is
responsible for the incredible productivity of the ocean in this region. The upwelling-driven
productivity influences many aspects of the sanctuary’s ecosystem, from the timing and success
of seabird nesting (Jahncke et al., 2008; Piatt et al., 2020) to the presence of migratory species.
Species such as blue and humpback whales travel from Mexico and Central America to feed in
the sanctuary, while seabirds arrive from as far as New Zealand (Shaffer et al., 2006) and South
America (Felis et al., 2019) to take advantage of upwelling-driven blooms of prey. Species
diversity is directly related to the diversity of habitats and oceanic conditions, and its location
within a broad biogeographic transition zone (Point Arena to Afio Nuevo). This transition zone
provides a complex gradient of changing environments in which the relative proportions of
species changes from north to south.
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Sanctuary Setting
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Figure SS.4. Point Arena upwelling center with a plankton bloom growing and moving within the
California Current to GFNMS. Image: J. Largier/University of California, Davis

The portion of GFNMS that is offshore of San Francisco is characterized by the widest
continental shelf on the west coast of the contiguous United States. The Gulf of the Farallones
region lies mostly within GFNMS, extending westward from the opening of San Francisco Bay
and Drakes Bay to the Farallon Islands, with the northward extent offshore of Point Reyes and
the southern extent offshore of Point Ao Nuevo. The continental shelf reaches a width of about
36 miles (58 km) in the Gulf of the Farallones region and narrows to a width of about 17 miles
(27 km) in the Point Arena region. Shoreward of the shelf break and Farallon Islands, the
continental shelf is sandy and contains large underwater sand dunes. The shelf slopes gently to
the west and north from the mainland shoreline and provides an especially large and relatively
shallow (about 394 feet [120 meters]) foraging and habitat area for coastal and oceanic seabirds,
marine mammals, and fish.
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Sanctuary Setting

Biological Setting

Rocky Shore

The intertidal habitat between the low and high tides is biologically rich, supporting diverse
assemblages of algae, plants, and animals. There are approximately 79 miles (127 kilometers) of
rocky shoreline in GFNMS, which hosts foundation species, such as mussels, and endangered
species, such as black abalone. Rocky shores are characterized by extreme conditions caused by
wind, waves, and the fluctuation of tides. Organisms living in the intertidal face many challenges
that are unique to living at the edge of the ocean, including threat of desiccation, physical wave
action, and competition for limited space. Rocky shores are found throughout GFNMS, but
particularly at Duxbury Reef, Farallon Islands, Bodega Head, Sea Ranch, Salt Point, and Point

Arena.

Figure SS.5. Duxbury Reef is one of the largest shale reefs in North America. It is home to a large
diversity of marine invertebrates, such as sea snails, sea stars, anemones, crabs, and octopuses. Photo:

T. Mears/NOAA
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Sandy Shore

North Central California beaches exhibit classic structures like cliffs or dunes that demarcate the
upper boundary of the beach; berms at mean high tide lines; and beach flats, troughs, or
sandbars that form the seaward side of beaches. The total length of sandy beach habitat within
GFNMS boundaries is approximately 55.43 miles. This habitat type includes fine- to medium-
grained sand beaches, coarse-grained sand beaches, and mixed sand and gravel beaches (Office
of Response and Restoration, 2006, 2008; Vos et al., 2019). Exposed sand beaches are harsh
environments subjected to high wave action, wide temperature ranges, and periodic tidal
exposure. Beaches of estuaries and bays are calmer environments subjected to less wave action.

Figure SS.6. Bowling Ball Beach, south of Point Arena, features unique concretions where the

surrounding rock has eroded away, leaving bowling-ball-shaped formations at the shoreline. Photo: Matt
Mcintosh/NOAA

Species distributions on exposed sand beaches are strongly influenced by physical factors,
whereas species distributions on protected beaches of estuaries and bays are more influenced by
biological factors (e.g., competition and predation). Exposed beaches of northern California
show distinct patterns of biological zonation defined by the amount of tidal inundation to each
region.
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Estuaries

Estuaries, including bays, mudflats, and marshes, are productive natural systems. Their
physical, chemical, and biological characteristics are critically important to sustaining living
resources (Mann, 1982; Weinstein, 1979). The four main estuaries within GFNMS are Estero
Americano, Estero de San Antonio, Tomales Bay, and Bolinas Lagoon. Bays and estuaries are
important nursery areas that provide food, refuge from predation, and a variety of habitats.
Eelgrass beds occur along the subtidal margin of Tomales Bay and within the esteros. Eelgrass
supports a unique and diverse assemblage of birds, fishes, and invertebrates, including snails,
shrimp, nudibranchs, and sea hares. The structure of eelgrass beds provides protection from
predation, especially for juvenile invertebrates and fishes. The two esteros are typically closed to
the ocean during summer and fall by seasonally formed sand bars, while both Tomales Bay and
Bolinas Lagoon remain open to the ocean year-round. The open bays are sheltered from
prevailing southerly currents by headlands and points projecting westward and are important
nutrient and plankton retention areas.

Figure SS.7. Bolinas Lagoon is a 1,100-acre tidal estuary that was designated as a Ramsar Site (a
wetland of international importance) by UNESCO in 1998. Photo: B. Wilson & LightHawk
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Figure SS.8. The estuaries of GFNMS include Estero Americano and Estero de San Antonio (upper left);
Bolinas Lagoon (lower left); and Tomales Bay (right). The Lagunitas Creek and Walker Creek
subwatersheds are not outlined on the map, as they lie mainly outside of the map boundaries due to
scale. Also shown on each map are active fault lines. Image: NOAA, Source: Esri, 2016

Tomales Bay

Tomales Bay is one of the top five coastal estuaries for eelgrass abundance along the U.S. west
coast (Sherman & DeBruyckere, 2018), and eelgrass meadows occur primarily in shallow areas
of the bay (Merkel & Associates, Inc., 2022). Tomales Bay is a fault-controlled valley along the
San Andreas Fault. Lagunitas Creek, one of two major subwatersheds that drain into Tomales
Bay, supports a run of approximately 10% of California’s coho salmon population. Pacific
herring use the eelgrass beds for spawning. Tomales Bay also supports seasonal populations of
salmon, steelhead, sardines, and lingcod. The shallow bay’s sandy bottom attracts a variety of
bottom-dwelling fish, including sole, halibut, skates, and rays, in addition to red rock crab and
Dungeness crab. Leopard sharks are common in Tomales Bay, and blue sharks are sighted
occasionally. White sharks, although not usually found in enclosed bays or estuaries, do hunt for
seals and sea lions that frequent the bays to haul out on the sandy beaches and rocks near the
mouths of Tomales Bay and Bolinas Lagoon. Over 20,000 shorebirds and seabirds, including
loons, grebes, geese, cormorants, and ducks, spend the winter in Tomales Bay. In 2002, Tomales
Bay was designated as a wetland of international importance by UNESCO under the Ramsar
Convention. Tomales Bay and its main tributaries, Lagunitas, Walker, and Olema creeks, are
impaired by human and animal waste pathogens (California State Water Resources Control
Board [CSWRCB], 2022a; San Francisco Bay Regional Water Quality Control Board, 2023).
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Estero Americano and Estero de San Antonio

Estero Americano and Estero de San Antonio are coastal, river-like estuaries located on Bodega
Bay. Estero Americano drains into Bodega Bay at the Sonoma-Marin county line. South of
Estero Americano, small springs converge with Stemple Creek and become the Estero de San
Antonio, draining into Bodega Bay. Many different habitat types are found in the esteros,
including mudflats, marshes, and rocky shore. With their variety of habitats, the esteros support
many species of plants, invertebrates, fishes, birds, and mammals. They provide essential
feeding and resting areas for shorebirds and seabirds. Some common fish species found in the
esteros include Pacific herring, staghorn sculpins, and starry flounder. The endangered
tidewater goby breeds in the shallow waters of Estero de San Antonio (ONMS, 2014b).

Bolinas Lagoon

The 1,100-acre Bolinas Lagoon supports a rich diversity of shorebirds and waterfowl, fish,
invertebrates, and marine mammals, including threatened and special status species. Located
on the Pacific Flyway, Bolinas Lagoon’s diverse open water, mudflat, and marsh habitats provide
a major stopover and wintering area for 50,000 migratory birds and over 245 bird species year-
round. The lagoon’s tidal flats and protected sandbars also provide year-round haul-out sites for
harbor seals, as well as seasonal pupping grounds. The lagoon was designated as a Ramsar Site
(a wetland of international importance) by UNESCO and an Important Bird Area by Audubon.

Kelp Forest

Kelp forests are recognized as highly dynamic ecosystems that support dense populations of
fishes, invertebrates, and other algal species. Bull kelp is the dominant canopy-forming species
in GFNMS and is most abundant in the nearshore sanctuary waters along Sonoma and
Mendocino counties, where it grows at depths from six feet (1.8 meters) to just over 60 feet (18.3
meters) and attaches to bedrock reefs and boulder fields.

Figure SS.9. Bull kelp grows offshore in GFNMS. Photo: S. Lonhart/NOAA
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Kelp provides habitat and food for threatened and endangered species, like abalone, and
increases local biodiversity. Kelp beds form habitats for juvenile fishes, which hide among kelp
stalks, canopies, and floating kelp. When kelp detaches and washes ashore, it becomes a food
source for kelp flies, beach hoppers, and various insects. Birds such as snowy plovers,
whimbrels, and black-bellied plovers feast on the organisms that live in the beach wrack. Similar
to terrestrial rainforests, bull kelp contributes to climate resilience by capturing carbon from the
atmosphere and exporting it to deep-sea environments for long-term storage (Hutto et al.,
2021).

Open Ocean

The pelagic (open ocean) habitat covers the largest area within GFNMS. This habitat includes
the euphotic zone where sunlight penetrates and photosynthesis occurs, forming the base of the
productive food web, as well as the mesopelagic and bathypelagic zones at deeper depths.
Zooplankton, including larval fish, krill, copepods, crab larvae, and other species, are an
important component of the food web in this habitat. Distribution and abundance of
zooplankton are related to the physical dynamics of the California Current system (Huntley et
al.,1995; Parrish et al., 1981; Reid et al., 1958) and species composition responds to seasonal
shifts and climate variability (Hooff & Peterson, 2006; Lilly & Ohman, 2021; Peterson & Keister,
2003). The euphotic zone supplies food for deep-sea organisms, such as deep-sea corals and
sponges, within the continental shelf, continental slope, and submarine canyons and seamounts,
as food sources rain down in marine snow.

Figure SS.10. Krill form the foundation of the food web in GFNMS; they are critical prey for many species
of seabirds, whales, and fish. Photo: S. Haddock
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Continental Shelf Communities

The continental shelf is located at depths ranging from zero to 650 feet (0—200 meters). Off
central and northern California, the shelf generally slopes gradually to the shelf break, and the
bottom substrate is a combination of varying amounts of sand, silt, and clay. Much of the mud
and sand on the continental shelf was deposited by rivers that formed during the melting of the
glaciers approximately 18,000 years ago (Eittreim et al., 2000).
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Figure SS.11. Strawberry anemones, corals, sponges, and other invertebrates cover Rittenburg Bank in
GFNMS. Photo: Marine Applied Research and Exploration & NOAA

Submarine banks and shoals are found near the shelf break along a submarine ridge that
extends for approximately 30 nautical miles (56 kilometers) between the Farallon Islands and
Cordell Bank. A few of these vertical structures, including Fanny Shoal, Rittenburg Bank,
Cochrane Bank, and the submerged rocky outcrops surrounding the Farallon Islands, provide
rich habitat for diverse rocky reef communities. There are other known rocky banks and rock
outcrops in GFNMS on the continental shelf, including “The Football,” an elevated feature on
the continental shelf north of Bodega Canyon and 65 km northwest of Point Reyes.
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Continental Slope Communities

The continental slope in GFNMS drops steeply from an area known as the shelf break, at a depth
of around 650 feet (200 meters), to the deep ocean seafloor (around 10,000 feet [3,000
meters]). The deep waters of the continental slope are characterized by extremely low light
conditions, nearly freezing temperatures, and very high pressures (Laidig, 2002). Species that
live here, such as deep-sea corals and sponges, are adapted to dark, cold, conditions with sparse
food resources; tend to be slow growing and long-lived; and can take many years to reach sexual
maturity and reproduce.

Submarine Canyons and Seamounts

Submarine canyons traverse the continental slope and beyond to depths of over 10,000 feet
(3,000 meters). Submarine canyons, gullies, and rocky ridges indent the steep continental slope
and include the Farallon Escarpment, Arena Canyon, and an unnamed canyon west of the South
Arena Biogenic Area. Deep-sea corals and sponges, as well as rockfish, can be found in these
submarine canyons and seamounts. Submarine canyons are hotspots for krill and other
epipelagic forage species, and consequently are also foraging areas for seabirds, marine
mammals, and other predators (Santora et al., 2018).

Living Resources

Marine and Coastal Birds

One of the most spectacular components of the sanctuary’s abundant and diverse marine life is
its nesting and migratory seabirds and shorebirds. Over 420,000 seabirds and shorebirds breed
on islands, rocks, and cliffs adjacent to the sanctuary, plus millions of birds migrate to the
sanctuary to forage on the abundant prey species (McChesney et al., 2013). The most common
species observed in GFNMS are sooty shearwater, common murre, and western gull.

Over 400,000 birds breed in the Farallon Islands National Wildlife Refuge (McChesney et al.,
2013), including 12 species of seabirds, plus one shorebird and one landbird species. Eleven of
the 16 species of seabirds known to breed along the U.S. Pacific coast have breeding colonies on
the Farallon Islands. Breeding colonies include ashy and Leach’s storm-petrels; Brandt’s,
pelagic, and double-crested cormorants; California and western gulls; common murres; pigeon
guillemots; tufted puffins; and Cassin’s and rhinoceros auklets. The black oystercatcher, a
moderate-sized shorebird, also nests on the Farallon Islands.
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Figure SS.12. Nearly half the world’s ashy storm-petrels feed and nest in island burrows adjacent to the
sanctuary on the Farallon Islands. These petrels feed on krill, larval fish, and squid. Photo: National Park
Service (NPS)

The sanctuary also protects foraging habitat for aquatic birds such as waterfowl, shorebirds,
pelicans, loons, and grebes, plus millions of migrating and wintering birds. More than 170
species of birds use the sanctuary for shelter, food, or as a migration corridor. Of these, over 55
species of birds are known to use the sanctuary during their breeding season. Four marine and
coastal bird species that are federally listed as threatened or endangered can be observed in the
sanctuary on rare occasions (U.S. Fish and Wildlife Service, 2022). These include the marbled
murrelet, western snowy plover, short-tailed albatross, and dark-rumped petrel.
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Marine Mammals

At least 37 species of marine mammals have been observed in GFNMS, including blue, gray, and
humpback whales; harbor and elephant seals; Pacific white-sided dolphins; and one of the
southernmost U.S. breeding colonies of the once-threatened Steller sea lion. Specifically, there
are six species of pinnipeds (seals and sea lions), 29 species of cetaceans (whales, dolphins, and
porpoises), and two species of otters (southern sea otter and river otter). Pinnipeds and
cetaceans occur in large concentrations and are dependent on the productive and secluded
habitats for breeding, pupping, hauling out, feeding, and/or resting during migration. The
Farallon Islands provide habitat for breeding populations of five species of pinnipeds. The
sanctuary and adjacent haul-outs support at least 20% of the harbor seal population within
California (Carretta et al., 2022).

Figure SS.13. Humpback whale breaching. Photo: R. Schwemmer/NOAA
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Turtles

-

Figure SS.14. Leatherback turtles transit through GFNMS in late summer and fall. Photo: Douglas Croft

All sea turtles in the sanctuary are federally listed as endangered or threatened. The largest of
these, weighing up to 1,500 pounds, is the leatherback sea turtle. This species is observed
annually in GFNMS, which is part of its critical feeding habitat. Threats to leatherback sea
turtles include habitat loss at their nesting areas in Indonesia, where egg harvesting and
entanglement in nets and trawls from commercial and artisanal fisheries also greatly impact
their survival. In addition to leatherbacks, three other sea turtle species have been observed in
the sanctuary: green, olive Ridley, and loggerhead sea turtles.

Fish

More than 400 species of fish use sanctuary habitats for shelter, food, reproduction, and/or as a
migration corridor. Because of the comparatively wide continental shelf and the configuration of
the coastline, the sanctuary is vital to the health and existence of salmon (Chinook and coho),
northern anchovy, rockfish, sardines, and flatfish. Sanctuary waters offshore of the Farallon
Islands act as habitat for shallow and intertidal fishes, which further enhance finfish stocks.

56
Greater Farallones | Condition Report



Sanctuary Setting

Figure SS.15. Rockfish are among the most diverse fish species in nearshore and deep habitats within
GFNMS. Photo: NOAA/MARE

Bays and estuaries are especially important as feeding, spawning, and nursery areas for a wide
variety of finfish. Common fish species of the major bays and estuaries include Pacific herring,
smelts, starry flounder, surfperch, sharks and rays, and coho salmon. The rocky intertidal zone
supports a specialized group of fish adapted for life in tidepools, including monkeyface
prickleback, rock eels, dwarf surfperch, juvenile cabezon, sculpins, and blennies. Subtidal
habitats, such as kelp forests and eelgrass beds, support large populations of juvenile finfish
(e.g., flatfish, rockfish). Nearshore pelagic environments are habitat for large predatory finfish,
such as sharks and tuna. Northern anchovies, Pacific mackerel, Pacific sardines, and market
squid are abundant coastal pelagic forage species that are also commercially important.
Groundfish, such as bocaccio, chilipepper rockfish, widow rockfish, and Pacific hake are found
in a variety of habitats and depth ranges.

Benthic Fauna

Benthic faunal communities refer to organisms living directly on or in the seafloor. Benthic
faunal communities differ according to habitat type and exist in all habitats of the sanctuary
(bays and estuaries, intertidal zones, nearshore, and offshore). Generally, each habitat area
supports differing benthic species assemblages (e.g., corals, sponges, worms, clams, crabs). The
most conspicuous species nearshore include abalone, crabs, and sea urchins. Hundreds of other
species (including sea stars, clams, amphipods, and shrimp) are part of the food webs of fish,
birds, and mammals.
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Over 1,900 square miles (4,963 square kilometers) of the sanctuary’s deep seafloor regions have
been mapped on the continental shelf and slope, and some of this area includes rocky and mixed
substrate that supports deep-sea corals and sponges, as well as a diversity of fishes. Cochrane
Bank, Rittenburg Bank, The Football, and Point Arena Biogenic Area South are documented to
support biologically rich rocky seafloor habitats (see Figure S.H.10.3).
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Figure SS.16. Named after GFNMS, Swiftia farallonesica is a coral species that was discovered in 2014
at The Football. Photo: NOAA

Marine Flora

Algal and plant communities within the sanctuary include kelp forests and other algae, salt
marshes, and eelgrass beds. Plants, algae, and microscopic phytoplankton provide food,
nurseries, and protected habitat for many coastal species. In addition to providing habitat and
food for wildlife, salt marshes and eelgrass beds improve water quality along the coast by
trapping sediments and reducing excess nutrients and pollutants in the water column. In some
cases, eelgrass beds and salt marshes also help prevent coastal erosion by buffering the impacts
of wave energy and storms, and can ameliorate impacts from excess carbon, thus reducing
impacts from ocean acidification and release of carbon dioxide into the air. There are 3.17
square miles (8.21 square kilometers) of eelgrass and 1.37 square miles (3.55 square kilometers)
of marsh habitat within the GFNMS boundary.
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Figure SS.17. Eelgrass beds trap sediments and reduce excess nutrients and pollutants in the water
column. They also serve as buffer zones, protecting the coast from erosion. Photo: C. King/NOAA

Maritime Heritage Resources

The National Marine Sanctuaries Act of 1972 authorized the Secretary of Commerce to
“designate and protect areas of the marine environment with special national significance due to
their conservation, recreational, ecological, historical, scientific, cultural, archeological,
educational or esthetic qualities as national marine sanctuaries” (16 U.S.C. §§ 1431 et seq.). The
term “maritime heritage” encompasses historical, cultural, and archaeological resources, and
these can take a wide variety of forms.® Archaeological and historical resources are material
evidence of past human activities and may include vessels, aircraft, structures, habitation sites,
and objects created or modified by humans. Cultural resources and locations or other forms of
intangible cultural heritage often contribute to community identity in terms of traditional
religion, beliefs, customs, and practices. Cultural resources may include certain culturally
significant resources, locations, and viewsheds (Appendix A).

6 ONMS (2021) defines maritime heritage resources as “the wide variety of tangible and intangible
elements (historic, cultural, and archaeological resources) [that] represent our human connections to our
Great Lakes and ocean areas.”
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GFNMS is rich in historical resources and sites. Thirty-four wrecks of ships used for trade,
transportation, and military purposes are documented at locations throughout the sanctuary.
Based on historical loss records, remnants of many more ships and sunken aircraft, beyond
those documented to exist now, and other historic or prehistoric maritime heritage resources
may also be present within GFNMS. These are covered by water, sand, or mud, particularly in
precontact or historic areas of human activity. There are also 24 documented doghole port sites
in GFNMS. Doghole port sites, historically used for shipping lumber in Sonoma and Mendocino
counties in the mid-19th and early 20th centuries, were so named because they were so small
and exposed that mariners joked they were barely large enough for a dog to turn around
(GFNMS, 2022b; ONMS & California State Parks, 2021). Learning more about the sanctuary’s
maritime heritage resources and tribal and other aspects of the sanctuary’s cultural landscape”
are areas for future investigation.

Figure SS.18. The USS Conestoga was lost at sea in 1921 and now lies within GFNMS. Image: Naval
Heritage and History Command

7 NPS (2022a) defines a cultural landscape as “a geographic area, including both cultural and natural
resources and the wildlife or domestic animals therein, associated with a historic event, activity, or
person, or exhibiting other cultural or aesthetic values.”
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For the purpose of condition reports, drivers, or driving forces, are defined as societal values,
policies, and socioeconomic factors that influence human pressures on the ecosystem. By
shaping the ways that humans interact with the marine environment, driving forces can result in
either positive or negative impacts (pressures) on the condition of resources like water, habitat,
living resources, and maritime heritage resources. In turn, the condition, or state, of resources
determines the flow of benefits that humans are able to derive from that ecosystem. Accordingly,
understanding driving forces can be useful for anticipating, evaluating, and reacting to changes
in the condition of resources and ecosystem services.

Drivers on the Sanctuary

Whereas pressures on sanctuary resources occur locally, drivers emerge at many different
scales, from local to global. A pressure may be affected by one or more drivers, and a driver may
also affect multiple pressures. For example, human population growth at all scales can increase
demand for seafood and, as a result, fishing pressure. Fishing pressure is also influenced by
drivers like fuel prices and ocean policy, and population drivers simultaneously influence other
pressures like marine debris and vessel traffic. Drivers and pressures may vary from sanctuary
to sanctuary. Relevant drivers and associated pressures were identified in consultation with
GFNMS staff and based on past experience identifying drivers and pressures at other sanctuary
sites. Table D.1 summarizes the drivers that influence pressures at GFNMS and the scale at
which they occur.

Drivers affect pressures by influencing demand for marine-based goods and services like food,
energy, recreational opportunities, and transportation. Drivers that influence demand in
GFNMS include population, per capita income, trade policy, and societal values and
conservation ethic. Other factors that influence demand may include consumer tastes and
preferences. As demand for marine resources increases, higher prices and/or quantity
demanded create incentives for higher levels of extraction or use, which can impact the state of
resources.

Other drivers influence the supply of or access to marine resources. Examples of these drivers
include fuel prices, technological advancement, ocean policy, tribal government relationships,
and regulatory exemptions. Fuel prices and technology determine the cost and feasibility of
exploiting marine resources and, subsequently, levels of activity and use. The other three drivers
relevant to GFNMS relate to the governance of marine resources. Ocean policy (e.g., permitting
for offshore energy, vessel speed reduction zones, fishing regulations), along with exemptions,
may increase or decrease pressures on resources. Additionally, environmental activism, shaped
by preferences, societal values, and conservation ethic, can influence levels of ocean use by
applying political pressure to ocean policymakers and stakeholders.
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Table D.1. Drivers and their relationship to pressures that affect GFNMS resources. Each row begins with a pressure that is known to act at GFNMS, and bullets
across the row indicate each driver that affects that pressure. Each column begins with a driver, and the bullets indicate the range of pressures upon which that
driver acts. The letter(s) following each driver indicate the geographic scale(s) at which that driver originates to affect pressure (G = global, N = national, R =
regional, L = local). The following narrative describes each driver and pressure in detail.

Drivers (—)
Pressures ()

Population
(G/N,R, L)

Per-capita
Income
(G,N,R, L)

Gross
Domestic
Product
(G,N,R, L)

Fuel
Prices
(G/N,R, L)

Demand
for
Seafood
(G,N,R, L)

Regulatory
Exemptions
(N, L)

Societal
Values and
Conservation
Ethic
(N, R, L)

Trade
Policy
(N,R, L)

Ocean
Policy
(N,R, L)

Environmental
Activism
(R, L)

Technological
Advancement
(G,N,R, L)

Demand
for Energy
(G,N,R, L)

u.s.
National
Security

(N)

Climate change:
Changing ocean
conditions

Land use: Coastal
development and
nearshore
construction

Land use: Nonpoint
source pollution

Land use: Point
source pollution

Marine harvest
activities:
Aquaculture

Marine harvest
activities: Fishing

Vessel activity: Ship
strikes

Vessel activity:
Anchoring

Vessel activity:
Petroleum and other
chemical spills

Vessel activity:
Vessel discharges
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Drivers (—)
Pressures (|)

Population
(G,N,R, L)

Per-capita
Income
(G,N,R, L)

Gross
Domestic
Product
(G,N,R, L)

Fuel
Prices
(G,N,R, L)

Demand
for
Seafood
(G,N,R, L)

Regulatory
Exemptions
(N, L)

Societal
Values and
Conservation
Ethic
(N, R, L)

Trade
Policy
(N, R, L)

Ocean
Policy
(N, R, L)

Environmental
Activism
(R, L)

Technological
Advancement
(G,N,R, L)

Demand
for Energy
(G,N,R, L)

u.s.
National
Security

(N)

Vessel activity:
Exhaust gas cleaning
discharges

Vessel activity:
Dredging

Vessel activity:
Vessel groundings

Vessel activity: Noise

Marine debris

Wildlife disturbance:
Visitation

Wildlife disturbance:
Vessel and aircraft
disturbance

Non-indigenous
species
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Population and Per Capita Income

International and domestic demand for goods and services at all scales, ranging from local to
global, is directly tied to changes in population and real per capita income. Demand is a
ubiquitous, primary driver of pressures on sanctuary resources. The data provided in this
section are from the U.S. Census Bureau (2022) and U.S. Bureau of Economic Analysis (2022).
The GFNMS study area for assessing population and per capita income was identified following
the methods of Leeworthy & Schwarzmann (2015). First, the counties directly bordering
GFNMS were selected; these include Mendocino, Sonoma, and Marin counties. Next,
employment in neighboring counties was assessed using data from the American Community
Survey (U.S. Census Bureau, 2020). Non-adjacent counties were included in the study area if
>1% of workers in that county were employed in one of the counties that directly border the
sanctuary; non-adjacent counties that met these criteria were San Francisco, Contra Costa, and
Solano counties. Although only these six counties met the criteria for inclusion in the economic
study area for the sanctuary, other neighboring counties, such as Alameda and San Mateo, are
also considered to be sanctuary stakeholders, and GFNMS works closely with these counties on
various conservation and management initiatives.

Table D.2. Population and mean per capita income in a six-county study area associated with GFNMS.
The counties included in the study area were Contra Costa, Solano, Marin, Mendocino, San Francisco,
and Sonoma. Monetary values are inflation-adjusted to 2021 dollars. Source: U.S. Bureau of Economic
Analysis, 2022; Federal Reserve Bank of Minneapolis, 2022

Year Mean Per Population Per Capita Income | Population
Capita Income (% Change) (% Change)
2010 $71,497 3,098,058 — —
2011 $73,327 3,130,790 2.56% 1.06%
2012 $76,895 3,165,515 4.87% 1.11%
2013 $76,470 3,205,170 -0.55% 1.25%
2014 $80,335 3,246,707 5.05% 1.30%
2015 $86,267 3,284,673 7.38% 1.17%
2016 $89,501 3,316,226 3.75% 0.96%
2017 $92,111 3,337,924 2.92% 0.65%
2018 $95,605 3,345,816 3.79% 0.24%
2019 $97,493 3,344,982 1.97% -0.02%
2020 $104,547 3,330,325 7.23% -0.44%
2021 $111,194 3,265,728 6.36% -1.94%

From 2010 to 2021, the population in the GFNMS study area grew by roughly 5.4%, which is less
than the rate of population increase for the United States (7.3%) and slightly greater than that of
California (5.1%). As of 2021, roughly 8.3% of California residents lived in the study area. In
addition to being a determinant of demand for marine resources, population can influence land-
based pressures on the marine environment, like changes in land use and waste management
requirements. Given the decline in study area population in 2019, 2020, and 2021, population-
driven pressures do not seem to be of immediate concern to GFNMS on a regional level,
although localized population pressures may persist.
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From 2010 to 2021, real per capita income in the GFNMS study area increased by around 56%,
outpacing income growth in the state of California and the United States (roughly 43% and 27%,
respectively). With higher real incomes, consumers have greater purchasing power, enabling
them to buy more of the products they already purchase and/or substitute preferred, more
expensive products for cheaper ones. The expected result of increases in both per capita income
and population over the past decade is an increase in pressures on resources in GFNMS, created
by higher demand for products and services. Demand may increase for activities including
fishing, transportation, visitation, and construction and land development, among others.

Gross Domestic Product

Another high-level driver is the gross domestic product (GDP) of trade partners. The top
importers of U.S. seafood and other fishery products from 2013 to 2022 were the European
Union, Canada, China, Japan, and South Korea (Foreign Agricultural Service, 2023). Changes in
GDP in these countries directly affect demand for all goods. Furthermore, seafood is bought and
sold in a global market such that changes to demand directly affect prices of species caught in
GFNMS and, thus, affect fishing behavior in and around the sanctuary itself. From 2010 to
2022, most countries experienced positive GDP growth, with a lower rate of growth during the
later half of the study period and several countries experiencing negative growth rates in 2020
(International Monetary Fund, 2023). The slow growth rates and disruption to economic growth
caused by the COVID-19 pandemic likely reduced pressure for seafood imports during 2020.

Fuel Prices

Fuel prices are an important and often immediate driver of many ocean activities. Ocean users
consider fuel prices in their decisions about whether and how to conduct activities like
commercial fishing, recreational boating, and shipping (e.g., Sumaila et al., 2008; Maloni et al.,
2013). In turn, those decisions determine the intensity of pressures, such as vessel traffic,
discharges, noise, and resource extraction. Importantly, changes in fuel prices do not impact all
fisheries equally. Globally, fisheries targeting crustaceans or flatfish and those employing
pots/traps or trawl gear have the highest intensity of fuel use in terms of volume of fuel per live
weight landed (Parker & Tyedmers, 2014). The price of retail gasoline and diesel in California
varied without trend from 2010 to 2022 (Energy Information Administration, 2022; Figure D.1).
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Figure D.1. Nominal prices for California retail gasoline (all grades), U.S. retail gasoline (all grades), and
U.S. retail diesel from 2010-2022. Source: Energy Information Administration, 2022

Demand for Seafood

Seafood is one of the top traded food commodities globally, and the United States is both a top
importer and top five exporter of seafood (Froehlich et al., 2021). Global seafood consumption
increased by an estimated average annual rate of 3.1% from 1961 to 2017 (Food and Agriculture
Organization of the United Nations, 2020). Although aquaculture already accounts for over half
of seafood produced for human consumption globally, farmed seafood makes up only 8% of
domestic production in the U.S. (Food and Agriculture Organization of the United Nations,
2020; Froehlich et al., 2021). Offshore farming has been identified as a strategy to increase U.S.
seafood production and reduce reliance on imports (e.g., Executive Order No. 13921), which
currently account for roughly two-thirds of domestic seafood consumption (Gephart et al.,
2019).

From 2015 to 2019, the average volume of seafood products exported from the San Francisco
U.S. Customs District, which covers all counties adjacent to GFNMS except Mendocino, totaled
roughly 55.5 million pounds (25.2 million kilograms; Office of Science and Technology, 2022).
Over the same period, an average of over 132 million pounds (nearly 60 million kilograms) of
seafood products were imported through the district (Office of Science and Technology, 2022).
Of the top species harvested in GFNMS, market squid has the highest volume of exports from
San Francisco area ports, with an average of 26.7 million pounds (12.1 million kilograms)
exported from 2015-2019 (Office of Science and Technology, 2022). For other commercially
important species, the five-year (2015—2019) average exports from San Francisco area ports
were approximately 601,000 pounds (272,609 kilograms) of sablefish, 364,000 pounds
(165,108 kilograms) of Dungeness crab, 193,000 pounds (87,543 kilograms) of unspecified
groundfish, and 170,000 pounds (77,111 kilograms) of salmon.
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The U.S. seafood industry was heavily impacted by the COVID-19 pandemic and response.
Restaurants and other “away from home” venues accounted for roughly 65% of consumer
seafood expenditures in the U.S., and restaurant orders declined by upwards of 70% beginning
in March of 2020 (Love et al., 2020; Froehlich et al., 2021). These events resulted in processor
closures, shortened fishing seasons, decreased catch, and revenue losses (White et al., 2021).
Disruptions in the restaurant market were not felt equally across fisheries, as consumers were
more likely to purchase some species in retail stores (e.g., canned tuna, salmon) and others in
restaurants (e.g., crab, shrimp, cod; Love et al., 2020). Frozen and canned seafood products
(e.g., sablefish, tuna) were less impacted than fresh seafood products (e.g., halibut; White et al.,
2021).

Consumer tastes and preferences are an important determinant of demand for seafood and,
consequently, resource impacts. As a potent example of this, the growing popularity of sushi and
sashimi in the late twentieth century led to the industrialization of bluefin tuna fisheries and
overfishing of stocks (Longo, 2011). Increasingly, demand for seafood is being driven by
perceptions of health risks and benefits and a desire for sustainable products (Lem et al., 2014).
These shifts in attitudes toward and perceptions of food will place pressures on marine
resources worldwide, including those in GFNMS.

Regulatory Exemptions

Federal agencies implement regulatory requirements under their respective statutes and
mandates. However, in some cases, individuals, entities, or certain activities are exempt from
statutory or regulatory requirements. For example, the Clean Water Act provides a permit
exemption for some point source pollution. These regulatory exemptions could affect the
sanctuary through water quality degradation, injury to sanctuary resources or habitats, or other
impacts. As outlined in sanctuary regulations (15 C.F.R. § 922), all activities carried out by the
Department of Defense at the time of designation that are necessary for national defense are
exempt from prohibition. Exemption of additional Department of Defense activities is subject to
consultation with ONMS. Other activities exempt from prohibitions include the discharge of
materials, like fish or chumming materials, as part of lawful fishing activity and activities
necessary for emergency response.

Societal Values and Conservation Ethic

Information on societal values related to conservation can be obtained from various national or
local opinion polls. A statewide study conducted in 2021 provided point estimates of
Californians’ attitudes and perceptions toward the environment (Baldassare et al., 2021). Almost
half of adults reported that ocean and beach pollution along the coast is an issue, with 61%
saying that plastics and marine debris are a big problem in the section of coast closest to them.
An overwhelming majority of Californians (95%) stated that the conditions of oceans and
beaches are either very important or somewhat important to the economy and quality of life in
the state. Finally, about three in four respondents were either very or somewhat concerned
about the impact of sea level rise on flooding and beach erosion.

A separate survey of Monterey Bay area residents provided insight into Californians’ attitudes
toward marine protected areas (Responsive Management, 2009). In 2009, an overwhelming
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percentage (93%) of respondents expressed support for “the designation of certain areas of U.S.
ocean waters as sanctuaries for special management to conserve the marine habitats and
cultural features.” A majority (64%) also agreed that “sanctuary managers should have the
power to make rules to prohibit human use of the designated sanctuaries,” with 30%
disagreeing. Over half of residents (58%) supported funding the creation and management of
marine protected areas through the general revenue fund from state taxes, but less than half
supported a tax increase to fund that same goal.

Trade Policy

As with many industries, U.S. seafood harvesters and producers are impacted by foreign trade
policies, such as import bans and tariffs on U.S. goods by foreign countries, which reduce
demand for U.S. exports, and bans on importing foreign goods into the U.S., which could
increase demand for domestic goods. Since import competition can alter the incentives for
resource use, harvesters are also affected by domestic trade policies that affect the
competitiveness of U.S. seafood at home (Asche et al., 2022). In 2019, the seafood industry
faced a major disruption due to the trade war with China (Froehlich et al., 2021). In addition, as
of spring 2023, the industry continues to be impacted by a Russian ban on all food imports from
the U.S. that began in 2014. On March 11, 2022, President Biden issued Executive Order 14068,
which prohibits the importation of seafood originating in Russia.

Trade policy might also affect pressure on sanctuary resources by influencing the volume of
trade flows and shipping activity between ports. Resource impacts related to vessel use are
described below.

Ocean Policy

The U.S. is party to numerous agreements that establish international entities composed of
member governments that focus on various topics, ranging from managing shipping
(International Maritime Organization), global whale stocks (International Whaling
Commission), fisheries (International Pacific Halibut Commission, Pacific Salmon Commission,
etc.), and oil spill response (CANUSPAC). These international agreements affect local processes.

The West Coast states have collaborated on ocean policy initiatives since the Tri-State
Agreement on Ocean Health was signed in 2006. Since that time, this regional ocean
partnership has evolved to better include tribal governments, broaden federal agency
representation, and identify a variety of regional priorities. The West Coast Ocean Alliance is
focused on: (1) compatible and sustainable ocean uses; (2) effective and transparent decision
making; (3) comprehensive ocean and coastal data; and (4) increased understanding of and
respect for tribal rights, traditional knowledge, resources, and practices.

The Pacific Fishery Management Council (PFMC) is another partnership that manages federal
fisheries for around 119 species in the Exclusive Economic Zone of the U.S. West Coast. The
council collaborates with states, tribes, and international forums to develop management
measures for recommendation to NOAA Fisheries (PFMC, 2020a). PFMC-managed fisheries
include salmon, groundfish, coastal pelagic species, and highly migratory species; PFMC also
collaborates with the International Pacific Halibut Commission on Pacific halibut fisheries and
administers a Fishery Ecosystem Plan that helps the PFMC incorporate ecosystem science into
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its fishery management decisions (PFMC, 2023). The California Department of Fish and
Wildlife (CDFW) manages fisheries in state waters (1—3 miles offshore) and certain fisheries
that occur in federal waters, like Dungeness crab, California halibut, and pink shrimp (CDFW,
2020a).

Environmental Activism

Environmental activism refers to activity by community members to address or raise awareness
of environmental issues. As stewardship ethics change, levels of environmental activism are
likely to change as well. This can affect the implementation of many types of activities and
management actions, which can dramatically alter and redistribute pressures. The GFNMS
community has engaged in activism to support ocean protection in the region. For example,
members of the public initially proposed expansion of the sanctuary in 2001, which led NOAA to
initiate a public process to evaluate and assess a proposed expansion beginning in 2012. Leading
up to the 2015 expansion of the sanctuary, members of the public expressed support by
providing public comments and attending public meetings.

Technological Advancement

Technology can influence pressures on marine resources in several ways. Technological
advancements can lower costs for existing marine-based industries. For example, technologies
like electronic navigational aids, acoustic fish-finding equipment, and stronger polymers for line
and netting have increased fishing efficiency (Marchal et al., 2006). For a given level of human
activity or ocean use, technological advancements can also result in lower levels of impact or
pressure. Examples of these types of technologies include low-emissions propulsion systems and
carbon capture in shipping, waste management technologies (e.g., marine sanitation devices,
bioremediation of wastewater, new materials to replace plastics), and bycatch reduction devices
(e.g., turtle excluder devices), among many others. In response to large whale and turtle
entanglements in Dungeness crab gear on the West Coast and subsequent fishery closures,
manufacturers and fishers are in the early stages of testing ropeless crab gear to mitigate
entanglement risk. The development of new technologies can also contribute to the growth or
emergence of new sectors in the blue economy (e.g., offshore aquaculture, offshore wind), which
may even substitute for traditional industries (e.g., wild-capture fisheries, offshore oil). Finally,
some technologies may contribute directly to improved resource management outcomes or
ecosystem restoration (e.g., “green gravel” for kelp reforestation, drones for monitoring, wave
attenuation devices).

Demand for Energy

The demand for energy, whether from non-renewable or renewable resources, is also a driver.
Pressure to increase supplies of energy or energy products (e.g., raw or refined) may place
pressures on sanctuary resources through increased development and/or shipping near or
through the sanctuary. Development of oil and gas resources is prohibited in GFNMS. However,
large volumes of energy products, including crude oil, refined petroleum products, and coal, are
shipped in and out of the Bay Area, which includes the ports of Oakland and San Francisco and
several refineries (San Francisco Bay Conservation and Development Commission, 2020).
Expected to be finished in the first quarter of 2023, the Transmountain Pipeline expansion in
Canada would increase the volume of tar sands being shipped to refineries in the bay (Center for
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Biological Diversity, 2019). Along with infrastructure changes affecting supply, changes in the
U.S. and global demand for energy products can impact levels of vessel traffic and associated
impacts on sanctuary resources.

U.S. National Security

The ocean plays a critical role in the mobility and readiness of U.S. armed forces and the
preservation of national security. Uncertainty regarding the dynamics of future conflicts
requires the U.S. military to train and prepare for a variety of scenarios, especially given
emergent technologies. The State Department, Department of Defense, Department of
Homeland Security, National Security Administration, Department of Transportation, and
others all play key roles in national security. Climate change is also viewed as a national security
issue, not only because of its direct effects on military infrastructure via sea level rise, but also
because of its potential to exacerbate geopolitical tensions. The increasing intensity and
frequency of natural disasters also increases demand for disaster relief, further threatening
national security.

The Eleventh Coast Guard District, headquartered in San Francisco Bay, conducts training,
search and rescue, and emergency response activities in the sanctuary. The Coast Guard is
responsible for enforcing federal laws in U.S. waters, including sanctuary regulations. It is also
responsible for vessel traffic management and managing the control and removal of oil and
hazardous substances resulting from offshore spills (ONMS, 2014b). Although the U.S. Navy no
longer has active bases in the San Francisco Bay Area, it does conduct operations within or near
the sanctuary (ONMS, 2014b). The Navy maintains two special-use airspaces in and around the
boundaries of GFNMS and CBNMS, and naval submarines and surface ships routinely transit
the area (ONMS, 2014Db).

Pressures on the Sanctuary

Human activities and natural processes affect the condition of natural, cultural, and maritime
heritage resources in national marine sanctuaries. This section describes the general nature and
extent of known human-caused pressures with documented effects on GFNMS resources,
including climate change, land use, marine harvest activity, vessel activities, marine debris,
wildlife disturbance, and non-indigenous species. The list of pressures in this section is not
exhaustive and does not discuss the potential full range of additional pressures that can cause
impacts to sanctuary resources. Other pressures considered included radioactive waste and
military activity, but these are not discussed as they did not rise to the level of a documented,
existing threat with known impacts.

Climate Change

Climate change resulting from human activities has profoundly impacted coastal and marine
ecosystems on a global scale, with projected worsening effects on sea level rise, ocean
temperatures, ocean chemistry, storm intensity, and ocean current patterns. The impacts of
climate change are intensifying both globally and locally, threatening America’s physical, social,
economic, and environmental wellbeing (U.S. Global Change Research Program, 2018).
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Anthropogenic climate change is accelerated primarily by greenhouse gas emissions (e.g.,
carbon dioxide, methane), which trap heat in the atmosphere and lead to higher air and water
temperatures. Since pre-industrial times, global air temperature has increased on average by 1
°C, and in the last 50 years, this increase was driven nearly entirely by anthropogenic
greenhouse gas emissions (Intergovernmental Panel on Climate Change, 2019). GFNMS is
affected by global greenhouse gases and local emissions from vessel and aircraft engines,
shipboard incinerators (ONMS, 2014b), and other motorized equipment that produces exhaust.
As global temperatures rise, the ocean has absorbed over 90% of the excess heat, causing the
average ocean temperature to increase worldwide (Intergovernmental Panel on Climate Change,
2019).

Rising Ocean Temperatures, El Niflo-Southern Oscillation, and Marine
Heatwaves

From 1980 to 2019, annual sea surface temperatures were consistently above average globally,
and increased over time (National Centers for Environmental Information, 2023a). Water
temperatures in the GFNMS region have risen slightly over the past century (Johnstone &
Mantua, 2014; ONMS, 2020a).

Rising ocean temperatures are also linked to oceanographic phenomena: the El Nino-Southern
Oscillation (ENSO) and marine heat waves. El Nifo is the warm phase of the ENSO cycle and is
characterized by above-average sea surface temperature (SST) in the central and eastern tropical
Pacific Ocean (L'Heureux, 2014). Although conditions may vary, El Nifio can result in warmer
SSTs in GFNMS that last for months to years. During the past 30 years, the California Current
Ecosystem has experienced an intensification of El Nifio events (McGowan et al., 1998; Fiedler,
2002). In contrast, marine heatwaves (MHWSs) occur when ocean temperatures are extremely
warm for an extended period of time, generally from weeks to months and occasionally longer
(e.g., the 2014—2016 MHW). MHWs are defined as SSTs that exceed the 9oth percentile of the
baseline climatology (i.e., the previous three decades of temperatures) for at least five
consecutive days (Hobday et al., 2016).

The timing and magnitude of upwelling has become much more variable over the last six
centuries (Sydeman et al., 2014; Garcia-Reyes et al., 2023), and upwelling intensity is expected
to increase (Xiu et al., 2018). However, warm water events like El Nifio and MHWs can alter the
timing, intensity, and location of upwelling events, often by creating stratification or forcing
nutrient-rich water closer to shore, away from the majority of the sanctuary (Jacox et al., 2016;
Santora et al., 2020). When this occurs, coastal waters receive fewer nutrients, leading to lower
biological productivity (Cavole et al., 2016; McGowan et al., 1998). Such changes can lead to
cascading effects throughout the food web, potentially affecting plankton, krill, fish, seabirds,
and marine mammals (Piatt et al., 2020; Cavole et al., 2016; McGowan et al., 1998; Sanford et
al., 2019; Di Lorenzo & Mantua, 2016). During past El Nifio events and MHWs in the California
Current Ecosystem, zooplankton communities shifted to smaller, less nutritious copepod species
from the south (Fisher et al., 2015; Leising et al., 2015, Elliott et al., 2022a), plankton biomass
declined, and functional groups shifted (McGowan et al., 1998).

Higher water temperatures and reduced food availability may affect species abundance and
distribution by encouraging species to move to cooler northern or deeper waters (Poloczanska et
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al., 2013) and altering migration patterns (Gulland et al., 2022). Some species that are unable to
acclimate or adapt over time could decline in abundance (Hobday et al., 2016). Warmer water
holds less oxygen and could fall below the range of natural variability by 2030 (Long et al.,
2016), reducing habitat for species like rockfish (Koslow et al., 2011; Hamilton et al., 2017).
Higher temperatures can also increase the occurrence of disease outbreaks such as sea star
wasting syndrome (Bates et al., 2009; Eisenlord et al., 2016), and lead to more frequent and
more intense harmful algal blooms (HABs; Cavole et al., 2016; Gobler, 2020). HABs can
produce toxins that can harm wildlife, causing mass mortalities of sea lions, whales, seabirds,
and other animals (McCabe et al., 2016; Griffith & Gobler, 2019; Sanford et al., 2019; Gulland et
al., 2022).

Warmer water temperatures, especially those resulting from MHWs, can be a catalyst for habitat
compression in the offshore environment. The recent 2014—2016 MHW, for example, caused by
a persistent high-pressure system in the eastern North Pacific (Bond et al., 2015), raised water
temperatures in the sanctuary by 7.2°F (3.6°C) above normal (Gentemann et al., 2017; Sanford
et al., 2019), causing many southern species to move northward (Hobday et al., 2016). During
this period, offshore upwelling was reduced, and the cooler upwelling habitat for forage species
in the central California Current Ecosystem, such as anchovy and krill, was also compressed
eastward toward the mainland; this resulted in habitat compression for some predator species,
such as whales and seabirds (Santora et al., 2020). For whales, foraging closer to shore as a
result of habitat compression can increase the risk of ship strikes and entanglement in crab pots.
MHWs are expected to increase in frequency and intensity (Frolicher et al., 2018), and these
phenomena may be a predictor of future ecological conditions in the offshore environment
(Cavole et al., 2016).

Ocean Acidification

Ocean acidification occurs when increased levels of carbon dioxide (CO.) in the atmosphere
dissolve in seawater, reducing the pH value and making the ocean more acidic (ONMS, 2020b).
The ocean absorbs around 30% of CO, emissions (National Centers for Environmental
Information, 2023a), and global average surface ocean pH has decreased by 0.1 units since pre-
industrial times (Doney et al., 2009), which corresponds to a 30% increase in acidity. Aragonite,
a form of calcium carbonate, is considered a key indicator of ocean acidification, as its
availability in seawater is affected by increasing CO.. The saturation state of aragonite is
projected to drop rapidly in the California Current Ecosystem within the next 30 years, with
much of the nearshore region developing summertime undersaturation in the top 200 feet (60
meters; Gruber et al., 2012; Anderson et al., 2022).

Ocean acidification slows the growth of calcium carbonate structures and can dissolve these
structures faster than they form, impacting shelled organisms in the California Current
Ecosystem (Hales et al., 2005). Corrosive conditions can occur for many species, like oysters,
crabs, and pteropods, when aragonite saturation is <1.0 (Barton et al., 2012; Bednarsek et al.,
2014; Marshall et al., 2017; Hodgson et al., 2018). Ocean acidification can also impact larval and
juvenile fish through changes in behavior, physiology, and patterns of gene expression (Munday
et al., 2009; Hamilton et al., 2017). Acidification in the sanctuary is accelerated by upwelling,
because cool, upwelled waters are more acidic than surface waters (Garcia-Reyes & Largier,
2010). As a result, California waters have increased in acidity by up to 60% since 1895 and could
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increase to 40% above 1995 levels by 2050 (Gruber et al., 2012; Osborne et al., 2020). Portions
of the sanctuary’s nearshore region are already acidic enough to impair the growth of shell-
forming animals (Davis et al., 2017; Chan et al., 2017), including species with commercial or
recreational value, such as Dungeness Crab (Bednarsek et al., 2020), oysters, clams, and
mussels. Increasingly acidic waters make it difficult for organisms like coral to make and
maintain their shells and stony skeletons. Deep-sea corals are particularly susceptible, as the
deep waters where they live are naturally more acidic than the surface (Gomez et al., 2018).
Pteropods, important prey for fish, are particularly susceptible to increasingly acidic waters
(Bednarsek et al., 2017), and krill, prey for salmon, seabirds and whales, may experience
reduced larval survival as acidity increases (McLaskey et al., 2016). The effects of ocean
acidification could thus have consequences for the entire food web (Bednarsek et al., 2017;
Hodgson et al., 2018; Gentemann et al., 2017; ONMS 2020a).

Ocean acidification, in combination with other local conditions, may also affect historic
resources. Historic shipwrecks could be threatened by an increasingly acidic ocean, which has
the potential to change the corrosion rate of metal ship parts and artifacts (Rockman et al.,
2016).

Sea Level Rise, Increased Storms and Wave Activity, and Precipitation
Variability

Sea level rise impacts beaches and dunes, marshes, and rocky intertidal habitats through
increased coastal erosion and damage from increased storm surges, which can lead to drowning
and/or erosion of coastal habitats. Numerous factors contribute to global sea level rise,
including melting glaciers and thermal expansion of seawater. Factors such as currents and
changing land height cause sea level rise to occur at different rates in different locations
(Slangen et al., 2014). In the sanctuary, sea level has risen approximately 9 inches (23
centimeters) since 1854 (NOAA, 2022a), and the most recent NOAA sea level rise projections
predict an increase of another 9—11 inches (23—28 centimeters) by 2050 and up to 78 inches
(198 centimeters; high scenario) by 2100 (Sweet et al., 2022). In GFNMS, sea level rise is
impacting critical pupping and haul-out habitat for marine mammals such as harbor seals and
Steller sea lions, as well as nesting areas for birds like the threatened western snowy plover
(Largier et al., 2010; Funayama et al., 2013).

Winter storms have increased in frequency and intensity in the North Pacific, including in the
sanctuary, since 1950 as a result of climate change (Largier et al., 2010; Graham & Diaz, 2001)
and strong waves driven by these storms are exacerbating sea level rise impacts, like erosion
(Largier et al., 2010; Dettinger, 2011; Erikson et al., 2015). Overall, increased erosion and runoff
are likely to occur in association with winter storms that bring large waves and heavy
precipitation to the region (Largier et al., 2010). Projected increases in the intensity of storms
and waves (Dettinger, 2011; Erickson et al., 2015) could also reduce the ability of encrusting
organisms to stay attached to substrate in the intertidal zone.

As with ocean acidification, sea level rise and increased wave activity and erosion negatively
impact nearshore maritime heritage properties and coastal cultural sites in many locations
(Roth, 2021). The Society for California Archaeology launched a Climate Change and California
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Archaeology study in 2011, and current research includes coastal regions adjacent to GFNMS
(Newland, 2014).

Climate change is also altering precipitation. Snowpack in the Sierra Nevada mountains has
declined in recent decades (Sun et al., 2019; Pederson et al., 2011). The shift from snowpack to
rain-dominated runoff, along with increases in extreme wet and dry events, could alter the
timing and intensity of runoff and sediment input into the sanctuary, impacting organisms that
depend on streamflow, such as salmon.

Shoreline Change and Sediment Transport

Sea level rise, increased frequency and intensity of storms, and changes in precipitation can alter
sedimentation patterns along the sanctuary’s coast through increased flooding of low-lying areas
and increased erosion of cliffs, bluffs, and dunes (Limber & Barnard, 2018), which can lead to
disappearing beaches and coastal wetlands with significant ecological implications.

Tidal marshes depend on a steady sediment supply and factors such as altered precipitation
patterns and land use may prevent marshes from keeping pace with the expected rate of sea
level rise (Thorne et al., 2018; Weston, 2014). In some cases, overaccumulation of sediment can
occur, damaging habitats, interfering with the food chain, obstructing channels, and increasing
turbidity.

Warmer water events can exacerbate shoreline change as well. California shorelines retreated
beyond previously measured landward extremes in 2015-2016 as a result of one of the strongest
El Nifio events in the last 145 years (Barnard et al., 2017).

Land Use

Land use activities adjacent to marine and estuarine waters, such as agriculture, forestry,
transportation, urbanization, and construction, can create pollutants, including sediments,
plastics, and chemicals, that can impact water quality, marine species, and habitats.

High pollution loads can lead to eutrophication—an overload of nutrients such as nitrogen and
phosphorus. The excess nutrients can cause algal blooms, which can lead to depleted oxygen
levels and subsequent harmful effects on marine life. These pollutants are often introduced via
runoff from land activities, such as agriculture, and can enter the sanctuary through rivers,
estuaries, and other pathways, adversely impacting water quality.

Artificial structures that stabilize shorelines (such as seawalls, rip rap, roadways, etc.) can result
in narrower coastal habitats and reduced space for habitat migration as sea level rises and storm
surge intensity increases.

Marine Harvest Activities

Fishing offers many benefits to society, including the economic, nutritional, and employment
benefits of commercial fisheries (Kelleher et al., 2012) and the economic, social, physiological,
educational, and economic benefits of recreational fishing (Leeworthy & Schwarzmann, 2015;
Arlinghaus et al., 2019). However, fishing can also negatively impact sanctuary resources,
including habitat, living resources, and maritime heritage resources. The extraction of certain
fish species can alter ecosystem function, especially when one part of the food web or a predator
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and prey population is reduced or removed from the food chain (Hammerschlag et al., 2019).
The removal of targeted fish species, along with mortality through bycatch, can also result in
changes in biodiversity. Catch-and-release recreational fishing (and the release of incidentally
caught species) can also result in mortality through barotrauma, increased depredation, hook
wounds, and other pathways, as well as sublethal effects like behavioral impairment and
decreased feeding success (Davis, 2002; Campbell et al., 2010). The mortality rate of catch-and-
release fishing has a large range (0-95%, median = 11%, mean = 18%) and is dependent on
factors such as hooking location, type of hook used, type of bait used, depth of capture,
temperature, and hooking and handling times (Bartholomew & Bohnsack, 2005).

The use of mobile commercial fishing gear, such as bottom trawls, is of particular concern.
Bottom trawling disturbs the structure of the seafloor, affects the three-dimensional character
and availability of fish habitat, changes the composition of biologic communities in the area,
disrupts the food web, and results in additional adverse effects (National Research Council,
2002; Kaiser et al., 2006).

Impacts to deep-sea communities from these activities may be long lasting. Corals and sponges
on hard substrate are vulnerable to damage and removal from bottom trawling (Althaus et al.,
20009), as are the biota of soft-sediment habitats, such as sea pens (Hall-Spencer et al., 2002;
Heifetz et al., 2009). Deep-sea corals and sponges are slow growing and may have long recovery
times following disturbance (Prouty et al., 2016). Slow-growing, large-biomass biota such as
sponges and soft corals take much longer to recover (up to 8 years) than biota with shorter life
spans, such as polychaetes (<1 year; Kaiser et al., 2006).

Additional impacts can occur from other commercial fishing gear, such as bottom longlines and
vertical hook and line, which can cause damage to sensitive habitats and species, such as deep-
sea corals (Stone, 2006; Stone et al., 2015). Derelict (lost or discarded) fishing gear is also a
concern, as these items can continue to trap and kill marine life for many years (NOAA Marine
Debris Program, 2015). However, some types of gear, such as Dungeness crab traps, are
required to have a disabling mechanism via a biodegradable release, which can have varying
degrees of success based on design and crab health (Antonelis et al., 2023). Active, lost, or
discarded gear can lead to marine mammal and seabird entanglement and strandings (Moore et
al., 2009, Donnelly-Greenan et al., 2019, NOAA Fisheries, 2020a). Commercial fishing,
particularly bottom trawling, can also result in mechanical damage to and entanglement of
maritime heritage resources (Meyer-Kaiser et al., 2022; Brennan et al., 2016).

Aquaculture operations can impact ecosystems by altering the deposition of organic material;
altering sedimentation processes due to the anchoring, harvesting, and maintenance of moored
oyster bags and floats, which can affect biogeochemical and biological processes in sediments
(McKindsey et al., 2006; Dumbauld et al., 2009); removing benthic species; causing changes to
resource or habitat availability (Dumbauld et al., 2009); and influencing the number and
intensity of phytoplankton blooms directly through grazing and indirectly by modifying nutrient
fluxes. Shellfish aquaculture operations occur in Tomales Bay, which has the greatest number of
state bottom water leases in California (CDFW, 2020b).

A variety of fishing gear types are used in the offshore region, including pots/traps, troll gear,

trawls, seines, longlines, and hook and line (CDFW, 2020a). The most commonly used types of
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commercial bottom contact fishing gear (in terms of harvest revenue and pounds landed)
throughout GFNMS that can alter seafloor habitat are traps and trawls (CDFW, 2020a; ONMS,
2023a). Commercial and recreational fishing of invertebrates also occurs in some intertidal
areas through direct collection (harvesting). Fishing activities in GFNMS estuaries include the
harvest of crab, herring, halibut, surf perch, striped bass, salmon, leopard shark, and bat rays,
primarily via traps and hook and line. Most fishing activity is by recreational anglers; however,
commercial fishing is allowed in GFNMS estuaries and may occur for certain species.

GFNMS does not have the authority to manage fisheries. Instead, commercial and recreational
fisheries in GFNMS, including species managed through the Groundfish Fishery Management
Plan, Highly Migratory Species Management Plan, Coastal Pelagic Species Management Plan,
and Salmon Management Plan, are managed by PFMC and NOAA'’s National Marine Fisheries
Service. State fisheries (e.g., Dungeness crab, market squid, herring, and nearshore finfish) are
managed by CDFW.

Vessel Activity

Private, commercial, and military vessels may impact the sanctuary and sanctuary users in
several ways, including:

¢ Ship strikes on whales and other species;

¢ Anchor damage to seafloor habitats and/or maritime heritage resources;
¢ Discharge of oil, sewage, chemicals, and non-biodegradable materials;

¢ Seafloor damage from vessel groundings and sinkings; and

¢ Elevated noise levels.

Pressures from vessel traffic through the sanctuary vary depending on vessel size, transit
frequency, route, and type of vessel. Numerous types of domestic and foreign-flagged
commercial vessels (some of which carry hazardous materials), including large vessels (greater
than 300 gross tons) such as container ships, tankers, car carriers, bulk cargo carriers, and
cruise ships, transit through GFNMS. Smaller commercial and recreational vessels are also
present in the sanctuary, including in Tomales Bay and Bolinas Lagoon. Thousands of
commercial, recreational, fishing, military, and research vessels berth in harbors near the
sanctuary.

Pressures are likely to continue in the region from small boat and large vessel traffic, given
forecasted trends and the increase in size of commercial ships over the last several decades.

Ship Strikes

Vessels can injure or kill animals. Slow-moving whales rely on the highly productive waters of
the sanctuary as a destination feeding ground or part of their migratory routes, and are
particularly vulnerable to ship strikes. Ship strike risk for whales is highest in shipping lanes and
at the western ends of shipping lanes over the shelf break (Rockwood et al., 2020a), a whale
foraging area (Rockwood et al., 2020Db).

Levels and location of shipping traffic, vessel speeds, whale abundance, and whale behavior are
factors affecting ship strike risk to whales (Laist et al., 2001; Dransfield et al., 2014; McKenna et
al., 2015; Rockwood et al., 2017). Ship strikes, along with entanglements, are the primary
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sources of anthropogenic mortality to threatened and endangered whales listed under the
Endangered Species Act along the West Coast (Carretta et al., 2021), with a model-estimate of
approximately 80 threatened and endangered whales hit and killed each year (Rockwood et al.,
2017). Scientists estimate that the rate of detection and reporting of ship strikes is a small
percentage of the actual number of animals struck; about 2% for blue whales and 10% for
humpback whales (Carretta et al., 2021). The impact of ship strikes on endangered blue whales
is of concern, given their low population estimate (1,050 in California, Oregon, and Washington;
Carretta et al., 2021). Humpback and fin whales are also at risk; humpback whales traveling to
GFNMS are listed as threatened for the Mexico Distinct Population Segment and endangered for
the Central America Distinct Population Segment (Carretta et al., 2021), and fin whales are
listed as threatened.

Anchoring

Anchoring by vessels of all sizes can damage sensitive benthic habitats and protected maritime
heritage resources, particularly shipwrecks found in anchor-depth waters. Further, improper
anchoring can result in anchor dragging and potentially grounding of vessels. Grounded vessels
may later break apart, discharging debris and pollutants. Anchoring in eelgrass beds can scour
the seafloor and uproot eelgrass, causing fragmentation of the beds, reductions in habitat
integrity, and changes in eelgrass community structure (Kelly et al., 2019).

Petroleum and Other Chemical Spills

Oil pollution can come from vessel collisions, sinkings, groundings, discharges, and historic
sunken wrecks. Cargo ships and oil tankers transit the sanctuary and are of particular concern
for spills and discharges. Large cargo ships can carry up to 4 million gallons (15 million liters) of
fuel oil (Office of Response and Restoration, 2016). Oil tanker size varies, and these ships can
carry 9—150 million gallons (34—568 million liters) of oil (Kummerlowe et al., 1996).
Supertankers can carry over 80 million gallons (303 million liters) of oil. Vessels can introduce
pollution into the marine environment from spills; blowing or drifting trash (e.g., oil containers
and portable gas tanks); faulty equipment; and other mishaps or poor waste control practices.

Oil pollution in any form has adverse impacts on sanctuary water quality, plants, animals, and
habitats. Oil contamination of marine mammals and seabirds can cause eye irritation,
impairment of thermal regulation, loss of buoyancy, toxicity, reproductive abnormalities, and
ultimately death. Oil spills can deplete food sources and destroy habitat characteristics essential
for survival of vertebrate species. Past spills, such as the 2007 motor vessel (MV) Cosco Busan
spill, which killed over 6,800 birds both inside and outside the sanctuary (Cosco Busan Oil Spill
Trustees, 2012), have impacted seabird populations and future spills could impact multiple
species on a local or regional scale. Qil spills can have lethal and long-term, sub-lethal effects on
fish (e.g., behavioral changes, reproductive abnormalities) and can also contaminate fish
targeted for human consumption. Some fishing industry sectors could be shut down for years by
an oil spill.

Due to its proximity to San Francisco and its surrounding metropolitan area, shipping ports,
and petroleum refineries, GFNMS has a history of large spills and has been impacted by six
major vessel-based oil spills since designation in 1982: steamship (SS) Jacob Luckenbach
(which sank in 1953 and had ongoing releases until oil was lightered in 2002), tank vessel
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Puerto Rican (1984), tank barge Apex Houston (1986), SS Cape Mohican (1996), tank vessel
Command (1998), and MV Cosco Busan (2007). Vessels that sink with product on board can
continue to release oil as currents and large swell events move the vessel. For example, SS Jacob
Luckenbach released an estimated 300,000 gallons of bunker fuel oil over more than 48 years,
killing at least eight sea otters and over 51,000 birds (Luckenbach Trustee Council, 2006). Small
oil releases caused by small to medium sized boat groundings and sinkings (i.e., recreational and
commercial fishing vessels) also occur every year in estuarine, coastal, and offshore sanctuary
waters.

Due to the sanctuary’s proximity to San Francisco Bay and its tributaries, land-based spills and
discharges also pose threats. Naturally occurring oil seeps also cause periodic tarball pollution
events along the GFNMS coastline.

Offshore Discharges

While GFNMS regulations prohibit most discharges in the sanctuary, illegal discharges have
occurred, including the dumping of sewage and other hazardous liquid substances, as well as
solid materials like shipping containers and other marine debris, which can impact water
quality, seafloor habitat, and wildlife.

Cruise ships carry over 3,000 people, generate and incinerate large amounts of waste, and have
the potential to severely impact water quality in localized areas if they are not responsibly
operated. Cruise ships regularly transit the sanctuary and passengers embark at the cruise ship
terminal in San Francisco Bay. Cruise ship discharges are prohibited within the sanctuary except
for clean vessel engine cooling water, clean vessel generator cooling water, vessel engine or
generator exhaust, clean bilge water, and anchor wash. Volumes of sewage generated by a
typical cruise ship have been estimated at 8.4 gallons (31.8 liters) per person per day or 147,000
gallons (>556,000 liters) per week (MBNMS, 2023), with an additional 85 gallons of graywater
per person per day (Herz & Davis, 2002). Known pollutants generated by cruise ships include
food waste; processed permeate; treated and untreated graywater (wastewater from sinks and
showers) and blackwater (sewage); membrane bioreactor sludge; advanced wastewater
treatment permeate; exhaust gas cleaning system (EGCS or scrubber8) washwater; oily bilge
water; hazardous wastes; and trash. Scrubber washwater is of particular concern, because it may
contain concentrations of metals and pollutants that could result in increased acidification,
eutrophication, and accumulation of polycyclic hydrocarbons in the marine environment (U.S.
Environmental Protection Agency [EPA], 2011; Endres et al., 2018). Illegal cruise ship
discharges of a number of substances have been documented over the last decade in GFNMS.
Nutrients and compounds can remain in waste streams after treatment (EPA, 2008). These
discharges are known to have effects on water quality and sea life through the potential
introduction of harmful components such as bacteria, heavy metals, pharmaceuticals,
pathogens, and viruses (EPA, 2008). Feeding in polluted waters has been known to negatively

8 EGCS or scrubbers are devices used on large vessels to remove sulfur dioxide from the exhaust of marine
engines to reduce air emissions. The extracted sulfur is removed using either seawater or freshwater wash
and is prohibited from being discharged into the sanctuary.
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affect the health of marine mammals, including dolphins, sea otters, seals, and sea lions
(Bossart, 2011).

The accidental or intentional discharge of dredged material can affect water clarity by blocking
sunlight, restricting the growth of plankton, and disrupting the foraging of fish, birds, and
marine mammals. It can also change the character of seafloor habitat and smother bottom-
dwelling organisms, such as corals and sponges, and potentially bury or damage submerged
maritime heritage resources. Material dredged from marinas and navigation channels in nearby
harbors and ports (mainly Bodega Harbor and San Francisco Bay) is periodically towed through
the sanctuary via barge and scow for legal disposal at the San Francisco Deep Ocean Disposal
Site (SF-DODS), located approximately 59 miles (95 km) from the Golden Gate Bridge and 9
miles (14 km) west of the closest point of the sanctuary boundary. While material is tested for
suitability for ocean disposal and is relatively clean, accidental releases have been known to
occur in the sanctuary in the last 10 years.

Grounded and Sunken Vessels

Grounded and sunken vessels can cause physical adverse effects to seafloor habitat and
maritime heritage resources, release fuel and other chemicals, and generate marine debris.
Groundings and sinkings are a regular but unpredictable occurrence in the sanctuary and cause
a range of impacts, including short- and long-term habitat loss from vessel recovery or complete
habitat loss with ongoing risk of debris and pollutants. Vessels grounded or sunk fewer than 50
years ago are not considered potential heritage or historic properties by GFNMS.

Noise

Many marine organisms, including marine mammals, turtles, fish, and invertebrates, rely on
sound for their survival and the degree to which biota are impacted depends on the interaction
of noise intensity, duration, timing, and frequency, among other factors. Exposure to high-
decibel noise, especially in close proximity, can cause acute impacts like tissue damage, hearing
impairment or loss (either temporary or permanent), and death (Gedamke et al., 2016).
Elevated underwater noise levels can mask biologically important acoustic signals (e.g., those
used for echolocation, interspecies communication, mother/calf contact, predator-prey cues,
and navigation) and cause behavioral alterations (such as changes in migration patterns or
abandonment of important habitats; National Research Council, 2003; Erbe et al., 2018). Many
marine mammals respond to noise by altering their breathing rate, increasing or reducing their
time underwater, changing the depth or speed of their dives, changing their song duration, and
swimming away from the affected area (National Research Council, 2003; Goldbogen et al.,
2013; Southall et al., 2007). Higher stress loads have been documented in whale populations
exposed to chronically louder conditions (Gedamke et al., 2016). These effects can negatively
impact animals’ energy and physiology, which in turn can reduce their ability to survive and
reproduce (reviewed in Francis & Barber, 2013).

The level of noise pollution in the oceans has increased dramatically during the last 50 years,
mainly from commercial shipping in coastal environments (National Research Council, 2003;
Frisk, 2012; Southall et al., 2018). Large, ocean-going commerecial traffic produces low-
frequency noise through cavitation (the bursting of bubbles from propellers), the flow of water
over the hull, as well as other onboard sources such as machinery (McKenna et al., 2013;
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Southall et al., 2018). Studies have also shown that slower and smaller ships produce less noise
(McKenna et al., 2013).

Noise was not selected as an indicator for this condition report as limited data were available.
Analysis of acoustic data, vessel traffic patterns, and related noise inputs to GFNMS is required
to assess status and trend in the future.

Marine Debris

Marine debris is any persistent, manufactured, or processed solid material that is directly or
indirectly, intentionally or unintentionally, disposed of or abandoned in the marine
environment (Office of Response and Restoration, 2023). Marine debris enters the sanctuary
from both water- and land-based activities, and it has accumulated in the water column and
benthic habitats. Land-based sources include stormwater runoff, landfills, and recreational and
commercial activities. Marine-based sources include commercial and recreational fishing and
aquaculture; military activities (Keller et al., 2010); and cargo containers falling off ships in high
seas (Frey & DeVogelaere, 2014). Marine debris is also generated by some research activities. A
wide variety of objects can become marine debris, including lost fishing gear; passenger and
commercial shipboard waste; lost vessel cargo; metal military debris; abandoned or lost
moorings and buoys; abandoned, grounded, and/or sunken vessels; and a variety of household
goods. The most prevalent type of marine debris found in the ocean, including the sanctuary, is
plastic.

Marine mammals and seabirds are known to be affected by marine debris (Gall & Thompson,
2015; NOAA Marine Debris Program, 2014). Marine mammals can become entangled in fishing
gear; on the U.S. West Coast, including GFNMS, this is particularly a problem for large whales.
Derelict (lost or discarded) fishing gear can trap, injure, or kill marine life, sometimes impacting
wildlife for years. The timing of the arrival of humpback whales in the Gulf of the Farallones
region has shifted earlier since the mid-1990s, which has increased co-occurrence of whales with
the historic timing of commercial fishing activities, thus increasing the risk of entanglement,
particularly in the lines and surface buoys of Dungeness crab traps (Figure S.P.4.4).

Other sanctuary wildlife, such as pinnipeds and seabirds, can also become entangled in fishing
gear and debris. Marine debris can be ingested, which may result in drowning, starvation,
physical trauma, systemic infections, or increased susceptibility to other threats, such as ship
strikes (NOAA Marine Debris Program, 2014). Plastics in the marine environment never fully
degrade, and organisms consume plastic at all levels of the marine food web (Tuuri & Leterme,
2023). In general, given the quantities of plastic debris floating in the ocean, the potential for
wildlife to ingest plastic is high. The ability for plastics to attract and transport contaminants
into the marine food web has been documented (Arthur et al., 2009), and research suggests
microplastics (i.e., plastic pieces less than five millimeters in length) can accumulate in seafood
(Mercogliano et al., 2020). Common surface-feeding seabirds in GFNMS, including albatross,
shearwaters, fulmars, and storm-petrels, are highly susceptible to plastic ingestion (Nevins et
al., 2005).

Sunken vessels, shipping containers, and other large debris may crush, smother, or displace
corals, sponges, and other benthic invertebrates in offshore and/or nearshore environments.
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Heavier objects can cause the permanent loss and/or scarring and damage to rocky reef habitat,
which reduces the value of substrate to support coral/sponge colonies, algal assemblages, and
other encrusting and habitat-forming organisms.

Wildlife Disturbance

Wildlife in GFNMS is diverse and includes iconic species such as whales, pinnipeds, white
sharks, and birds, in addition to fish and invertebrates. GFNMS directly monitors and tracks
partner reports of human disturbance to wildlife at seabird colonies and pinniped haul-outs
within the sanctuary, including popular areas for visitation such as Bolinas Lagoon, Tomales
Bay, and Duxbury Reef (GFNMS, 2022c; Codde, 2020). Disturbances that have been studied
(Reyna et al., 2021) include:

¢ Close-approaching water-based activities (e.g., kayaking, stand up paddleboarding, jet
skiing) and boating tourism/recreation (e.g., wildlife watching, diving);

e Low-flying planes, helicopters, uncrewed aerial systems (i.e., drones);

¢ Increased visitation impacts, including rocky intertidal trampling and harvesting of flora
and fauna; and

e Close-approaching land-based activities like human foot traffic and dog interactions with
birds and marine mammals on beaches.

For seabirds, frequent disturbance or a single severe event can disrupt nest site prospecting,
courtship, resting, and feeding of young. It can lead to increased predation, increased stress
levels, and higher energy costs, the net effect of which reduces breeding success, results in fewer
young, and can cause colony abandonment over time (Rojek et al., 2007). Marine mammal
disturbance can cause stress, displacement, and physical injury (NOAA Fisheries, 2023a).

Visitors at rocky reefs have been documented trampling and collecting intertidal invertebrate
species (Lindquist & Roletto, 2022a; Patton et al., 2021). These activities can cause long-term
negative impacts to habitats and species through altered abundances and community
interactions.

Non-Indigenous Species

Non-indigenous species are organisms living outside their native distributional range, having
arrived there by human activity, either deliberate or accidental, and are also called alien, exotic,
non-native, or introduced species. Non-indigenous species that have damaging effects on
ecosystems are called invasive species. Invasive species are one of the greatest threats to rare,
threatened, or endangered species in the U.S., thought to be second only to habitat destruction
(Duenas et al., 2018). In general, non-indigenous species in the marine and estuarine
environment can alter species composition, threaten the abundance and diversity of native
marine species, interfere with ecosystem function, and disrupt fisheries (Bax et al., 2003;
(Grosholz, 2002). Invasive marine species can result in declines, extirpations, or extinctions of
native plants and marine life, reduce biodiversity by competing with native organisms for
limited resources, limit resiliency of wildlife and habitats to recover from anthropogenic
impacts, limit effectiveness of restoration actions, alter habitats, and compound the impacts
from climate change.
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Marine non-indigenous species may enter the sanctuary by traveling on the hulls of ocean-going
ships and on the hulls, propellers, or trailers of small private and commercial boats, including
from San Francisco Bay, which is considered the most invaded aquatic ecosystem in the world,
with over 230 non-indigenous species (Cohen & Carlton, 1998). In addition, non-indigenous
species may be released in or near the sanctuary in ballast water. Other potential vectors for the
spreading of non-indigenous species in the sanctuary include recreational and research
equipment, marine debris, and buoys. Organisms used for live bait and aquaculture also have
the potential for accidental or intentional release into the marine/estuarine environment.

European green crabs are highly adaptable predators originating from Western Europe and
Africa that first appeared along the western U.S. in 1989. This species, likely transported in the
ballast water of cargo ships and boats, became established in shallow intertidal and subtidal
habitats. The highest density of European green crabs along the entire West Coast is in Seadrift
Lagoon, a human-made lagoon connected to Bolinas Lagoon by a managed intake near the
northwestern end and an outfall on the southeastern end. European green crabs are also
established in Bolinas Lagoon and Tomales Bay with interannual variability in abundance.
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This section answers questions related specifically to the drivers and pressures discussed in the
previous chapter. Drivers, or driving forces, are the socioeconomic and sociocultural forces
driving human activities, which increase or mitigate pressures on the environment. Pressures
are the stresses that human activities place on the environment. The effect of pressures on the
status and trends of sanctuary resources are addressed in the following section.

Two virtual expert workshops were convened on May 17 and July 11, 2022 to discuss and
determine status and trend ratings in response to a series of standard condition report questions
related to human activities occurring in the sanctuary (see Appendix A and Appendix C). It is
important to note that, in general, the assessments of the status and trends of key indicators in
GFNMS are for the period from 2010—2022. During the virtual workshops, indicators for each
topic were presented, accompanied by data sets ONMS had collected prior to the meeting.
Attendees were then asked to review the indicators and data sets, identify data gaps or
misrepresentations, and suggest any additional data sets that may be relevant. Once all data sets
were reviewed, experts were asked to provide status and trend recommendations and
supporting arguments. After assigning status and trend ratings, experts were asked to assign a
level of confidence for each value by: (1) characterizing the sources of information they used to
make judgments; and (2) their agreement with the selected status and trend ratings. The
evidence and agreement ratings were then combined to determine confidence ratings. Appendix
C provides a detailed description of the methods used to develop this report.

The following responses for each question summarize the key indicators, supporting data sets,
and rationale for each status and trend rating. Where published or additional information exists,
the reader is provided with appropriate references. Workshop discussions and ratings were
based on data available at the time (e.g., through May or July 2022). However, in some
instances, staff later reevaluated and/or incorporated newly available data to more accurately
describe the current status and trends of resources. Situations where post-workshop rating
decisions were made and/or data were used by sanctuary staff to support a rating, but were not
presented or discussed during the workshop, are noted in the text.
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Status and Trends of Drivers (Question 1)

Question 1: What are the states of influential human drivers and how
are they changing?

Not Rated

Rationale: ONMS and GFNMS staff decided not to rate the status and trend of influential
human drivers at GFNMS. The primary purposes for rating the status and trends of resources
are to use condition reports to assess program effectiveness and to influence management of
human activities and certain natural resource actions. For the most part, drivers are not
manageable, at least not under the authority of the National Marine Sanctuaries Act, nor do
most of them originate at scales relevant to national marine sanctuary management. While
understanding them is important, rating them is not necessary to achieve the goals of the
condition report.

The primary drivers influencing pressures on GFNMS resources are described in the Drivers
section of this report. Drivers are the societal values, policies, and socioeconomic factors that
influence human pressures on marine ecosystems. Understanding drivers helps to explain the
origins of pressures on resources and potentially anticipate future trends for those pressures,
but drivers are not typically manageable by GFNMS. Drivers include economic factors, such as
income and spending; policies and legal frameworks; demographics, like population levels and
urbanization; and societal values, such as levels of conservation and stewardship awareness,
political leanings, or changing opinions about the acceptability of specific behaviors (e.g.,
littering). All influence pressures on resources by changing the ways that humans interact with
the marine environment. Pressures are typically manageable by GFNMS, thus status and trend
ratings for pressures (i.e., human activities) and their potential effects on sanctuary resources
were determined and are described in Questions 2—5.
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Status and Trends of Pressures (Questions 2-5)

Human activities that adversely impact water quality are the focus of Question 2. These include
vessel transits and use of the sanctuary, including cruise ship transits, dredge material barge
transits, and oil release incidents associated with vessels; coastal development; and agriculture
and other types of land use.

Question 3 covers human activities that may adversely influence habitats. Some human
activities may have structural and non-structural impacts to habitats. For example, commercial
fishing activities that physically disrupt the seafloor (e.g., trawling, lost gear) may result in
structural impacts to seafloor habitats. Non-structural impacts could include oil spills,
anthropogenic sounds, and climate change. For this question, we focus on structural impacts to
habitats.

Human activities that have the potential to negatively impact living resources are the focus of
Question 4. These include activities that remove plants or animals, as well as activities that have
the potential to injure or degrade the condition of living resources.

Activities that influence maritime heritage resource quality are the subject of Question 5. These
include activities that diminish resource quality through intentional or inadvertent destruction
of maritime heritage resources. Importantly, and unlike most natural resources, maritime
archaeological resources are non-renewable. Once degraded or destroyed, their archaeological
value is lost forever.

Human activities that influence climate change at a global scale (e.g., those that produce
greenhouse gases) are not discussed in this report. National marine sanctuary managers are not
charged with controlling this and other issues (e.g., plastic pollution) at such large scales, and
therefore do not regulate or otherwise control the activities that cause them, at least not for the
purpose of reducing their global impact. ONMS does recognize, however, that some activities in
national marine sanctuaries contribute to climate change (e.g., vessel traffic).

Because of the considerable differences in environmental pressures and responses between the
coastal and offshore region and the estuarine and lagoon region of GFNMS, each question was
assessed twice in order to represent these two environment types separately.
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Question 2: What are the levels of human activities that may
adversely influence water quality and how are they changing?

Coastal and Offshore Region

Status Description: Selected activities have caused
rair 0000 measurable resource impacts, but effects are localized and not
widespread or persistent.

Rationale: Consideration of both land- and sea-based activities that pose threats to water
quality indicated a mix of improving and worsening threats. While the number of transits by
large commercial shipping vessels remained consistent throughout the study period, the
distance transited through the sanctuary decreased. Cruise ships reported illegal discharges in
the sanctuary during the study period. However, there was a decrease in the number of
discharge incidents and volume discharged from barges transporting dredged materials, as
well as a decrease in the number of large oil spills. Lastly, there was a minor increase in land
use along the coast in recent years.

Findings from the 2010 Condition Report

A direct comparison of status and trends to the 2010 condition report is not possible because the
sanctuary expanded in 2015, during the time period for this assessment. The expansion added
new coastal and offshore areas and habitats that were not assessed in the 2010 condition report.
In 2010, the status for this question in the coastal and offshore region was good/fair and the
trend was not changing. Ratings were based on observations of few harmful algal blooms,
continued nonpoint source discharges from San Francisco Bay and the Russian River, new
coastal Clean Water Act 303(d) listings for various pollutants, decreased oil pollution, and
decreased sediment spills from barges.

New Information in the 2010-2022 Condition Report

Human activities used to evaluate this question included vessel traffic, known discharges from
cruise ships and dredge barges, oil spills, and changes in land use. Because discharges from
vessels impact water quality but are likely underreported and challenging to track, vessel traffic
data from the automatic identification system (AIS) since 2016 were used as a proxy for the
potential for discharges (Table S.P.2.1).
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Table S.P.2.1. Summaries for the key indicators related to human activities that impact water quality in
the coastal and offshore region of GFNMS that were discussed during the July 11, 2022 virtual status and

trends workshop.

Indicator Source Data Summary Figures
Vessel traffic | Bureau of Ocean [ Status: Cargo vessels had the highest documented SP.21
Energy distance traveled, percent of vessels, and number of
Management transits compared to other vessel types.
(BOEM) & NOAA,
2022 Trend: Globally, cargo vessels increased in size over
the study period. Distances traveled within the
sanctuary decreased during the study period.
Cruise ship Blank Rome LLP, | Status: During the study period, 100 cruise ships N/A
discharges 2017 entered the sanctuary annually, except during the
COVID-19 pandemic. From 2015-2017, 190 incidents
resulted in the discharge of 8,502,138 gallons
(>32,000,000 L) of prohibited materials in the region,
95% of which occurred within GFNMS.
Trend: Since 2017, there have been no reports of cruise
ship discharges.
Dredge Etrac, 2022 Status: A small number of dredged material leaks N/A
material occurred from barges transiting through the sanctuary
discharges since 2010. From 2017-2021, 15 leaks occurred.
Trend: Since 2010, there was a significant decrease in
both the number of discharge incidents and total volume
of discharge.
Oil release GFNMS, 2022d; Status: Oil spills from smaller vessels (20-100 feet [6— | S.P.2.2
events U.S. Coast Guard | 30 m]) were a chronic issue in GFNMS, with an average
(USCG), 2022 of 6.8 incidents per year.
Trend: No spills from large ships (>300 gross tons [305
metric tons]) occurred since the 2010 condition report.
Agriculture Dewitz & U.S. Status: Land use in the areas surrounding GFNMS N/A
and developed| Geological Survey, | included development and agriculture.
land use 2021
Trend: Since 2016, there has been a 1.2% increase in
developed and agricultural land within 10 miles (16 km)
of GFNMS.
Data gaps Numbers of large vessels by type need to be better documented on an annual basis.

The amounts of sulfur oxide emissions entering the sanctuary are not known. Runoff
from developed land use into the sanctuary has not been quantified. More information
on the quantified impacts from vessel sizes, distance traveled, and speeds (e.g., sulfur
oxide emissions), as well as small fuel spills would better inform this question. Better
understanding of the reasons why transit distances in the sanctuary have decreased
while vessel numbers have remained fairly consistent from year to year is needed.
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Vessel Traffic

Vessel traffic is a human activity of interest for water quality because of the risk of oil spills,
illegal discharges of exhaust gases and ballast water, air pollution (which can affect water
quality, for example, through ocean acidification), container losses, and biological invasions
(Hassellov et al., 2013; Jagerbrand et al., 2019; Ruiz et al., 2000). GFNMS has regulations that
prohibit discharge of material within sanctuary boundaries, with few exceptions. Other
discharge regulations within the boundary of GFNMS include multiple state regulations
prohibiting the discharge of pollutants and waste, U.S. Coast Guard (USCG) regulations on trash
disposal, and the International Maritime Organization Ballast Water Management Convention,
which aims to limit the introduction of non-indigenous species via discharged ballast water.

Yanzhu et al. (2022) noted that there is an increased risk of oil pollution with increased
shipping. Transit of cargo ships and oil tankers through the sanctuary is of interest, because of
the capacity of these vessels to carry large volumes of fuel and other materials and the potential
for spills and discharges. Because there are limited data on how most oil pollution incidents
have affected water quality in the sanctuary, vessel traffic data were used as a proxy for oil spills
and other discharge risks.

Given the large volume of commercial traffic that transits the sanctuary, there is a heightened
risk for spills and discharges. Most large commercial ships use the San Francisco Traffic
Separation Scheme (TSS; Figure SS.1), which merges three shipping lanes into one
precautionary circle near the entrance to San Francisco Bay. During the study period, the size of
commercial ships increased, but the number of ships using the three lanes of the TSS remained
constant at about 8,000 transits (both inbound and outbound) per year, with the exception of
cargo vessels, which increased in size but decreased in numbers (Jensen et al., 2015; NOAA
Office for Coastal Management, 2022a).

An estimated 1,383,729 miles (1,202,428 nm; 2,226,896 km) of vessel transits through GFNMS
occurred from 2016 to 2020 (BOEM & NOAA, 2022), excluding vessels that are not required to
carry AIS or vessel monitoring system (VMS) beacons? (Figure S.P.2.1). The distances cargo
vessels transited through the sanctuary decreased during the study period (Figure S.P.4.1;
Jensen et al., 2015; BOEM & NOAA, 2022). We speculate that more vessels are using the
western TSS lanes, which are shorter in distance across the sanctuary. Further analysis is
warranted.

9 AIS carriage requirements for commercial vessels expanded in 2015, with a 2016 deadline for
installation of working transponders in all commercial vessels and passenger and fishing vessels 65 feet
(20 meters) or greater in length. Previously, only vessels 300 gross tons and larger were required to carry
and transmit AIS (33 C.F.R. § 164). VMS is required by NOAA’s National Marine Fisheries Service on any
vessel registered to a limited entry groundfish permit (NOAA Fisheries, 2022a; 50 C.F.R. § 660.14). VMS
beacons do not reflect all fishing vessel activity in GFNMS. Therefore, VMS records only represent a
subset of the fishing vessels that use the sanctuary. Spatial data for vessels not equipped with VMS or AIS
beacons were not available.
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Figure S.P.2.1. Number of vessels, categorized by vessel type, and nautical miles traveled within

GFNMS, 2016—2020. Note that the “Passenger” vessel type is inclusive of cruise ships. Source: BOEM &
NOAA, 2022

The number and speed of vessels influences the amount of sulfur and other pollutants released
into air and ocean. High-sulfur fuel used in commercial shipping for much of the 20th century
emitted significant amounts of pollution. Formerly, pollutants from lower cost, high-sulfur fuel
were redirected through EGCS (scrubbers), which reduce emissions but generate effluents and
residues. In 2009, the California Air Resources Board mandated the use of low-sulfur fuels and
restricted the use of EGCS to comply with these standards within California Emission Control
Areas, which extended 24 nautical miles off the California shoreline. The first-phase fuel sulfur
standard began in 2012, and the second phase began in 2015, which changed low-sulfur fuel
requirements throughout the entire U.S. Exclusive Economic Zone. EGCS are not expressly
prohibited in this expanded area, but the net effect of these regulations was a reduction in
emissions from ships over the study period; however, some cruise ships used EGCS illegally in
GFNMS from 2015—2017 (Blank Rome LLP, 2017), and there is uncertainty as to the scale of
EGCS effluent that entered GFNMS. The effects of these emissions on water quality are
considered in Question 9.

Cruise Ship Discharges

Cruise ships are a vessel type of particular concern in the sanctuary because of the amount of
sewage and garbage they generate and their potential for illegal use of EGCS. During the study
period, 100 cruise ships entered the sanctuary annually, except during the COVID-19 pandemic
(2020—2021). Since the opening of a new cruise ship terminal in 2014, the Port of San Francisco
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has hosted more than 400,000 passengers every year (Port of San Francisco, 2023). From
2015—2017, there were 190 illegal discharges from cruise ships in GFNMS and CBNMS (Blank
Rome LLP, 2017). A combined total 8,000,000 gallons (30,000,000 L) of untreated blackwater
and graywater, membrane bioreactor sludge, EGCS effluent, and food waste were illegally
discharged in both sanctuaries (Office of General Counsel, 2021). Approximately 95% of these
discharges occurred within GFNMS, and over half were from EGCS. Because illegal vessel
discharges are self-reported, it is likely that these are underreported.

Dredge Material Barge Transits

San Francisco Bay’s 85 miles (137 km) of navigable waterways require annual maintenance
dredging (Chin & Ota, 2001). The accidental discharge of dredge material from barges can affect
water clarity by blocking sunlight, restricting the growth of plankton, and disrupting foraging by
fish, birds, and marine mammals. It can also change the character of the seafloor habitat and
smother bottom-dwelling organisms. SF-DODS was designated to dispose of dredged sediment
that does not contain any significant toxic level of chemicals (U.S. Army Corps of Engineers,
1998). SF-DODS is located further offshore and in deeper water than any other ocean disposal
site in the U.S. (Chin & Ota, 2001).

The San Francisco Bay Long-term Management Strategy for port maintenance dictates that
barges transporting dredged material through sanctuary waters to SF-DODS must have an on-
board, computerized recording system that notes the location of accidental spillage or
premature dumping (U.S. Army Corps of Engineers, 1998). This system notifies GFNMS when
barges leak or dump sediment outside of SF-DODS. From 1999—2003, there were 178 separate
occasions on which barges leaked significant amounts of dredge materials in GFNMS (U.S.
Environmental Protection Agency & National Oceanic and Atmospheric Administration v.
Dutra Dredging Company, 2006). The amounts released varied, but the total volume was
estimated to be 91,158 cubic yards (69,695 m3). Incidents decreased following an enforcement
case (U.S. Environmental Protection Agency & National Oceanic and Atmospheric
Administration v. Dutra Dredging Company, 2006) and implementation of real-time reporting
in 2010. Between 2011 and 2016, there were no incidents of leaks and spills within GFNMS.
Between 2017 and 2021, 15 barge leaks were reported within GFNMS; these resulted in the
release of approximately 21.5 cubic yards (16.4 m3) of dredge materials (Etrac, 2022). This
represents a substantial decrease in both the number of incidents and the amount of material
discharged.

Oil Release Events

No major oil spills occurred during the current assessment period. Compared to the 2010
condition report, spill volumes declined substantially throughout GFNMS, even after sanctuary
expansion. Between 2010 and 2021, there were 35 incidents (average of 6.4 incidents per year)
of discharges from vessels and objects (e.g., airplanes), groundings, and sinkings within the
GFNMS coastal and offshore region (GFNMS, 2022d; USCG, 2022). The majority resulted in
small fuel spills. There was no discernible trend, and rough weather was a significant factor in
vessel groundings and sinkings.

The total reported amount of fuel spilled between 2010 and 2021 was less than 10,000 gallons
(~38,000 L). Spill size estimates were provided by emergency response partners and
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responsible parties (USCG, 2022) and are considered to be rough estimates due to uncertainty
regarding exact quantities of fuel aboard a particular vessel at the time of an incident. Multiple
reported spills did not have any estimated fuel quantities, and it is likely that small fuel spills are
underreported because of the numbers of small recreational vessels operating throughout the
sanctuary. Additionally, fuel type was not reported for a number of incidents. However, most
known discharges from vessel incidents during this time period were diesel, which is lighter and
evaporates more quickly but is more acutely toxic than crude oil (Kummerlowe et al., 1996;
USCG, 2022). These types of incidents can have localized effects on water quality and wildlife
(see Question 9).

Commercial fishing vessels were responsible for the largest number of small incidents. In 2021,
the grounded vessel FV American Challenger was responsible for the largest release of fuel,
estimated to have been between 6,000 and 9,000 gallons of diesel (USCG, 2022). As of April
2023, the vessel was still aground in the sanctuary and may still contain diesel fuel, hydraulic
oil, and lube oil, as well as other materials that are known to be toxic.

Rates of tar ball deposition on beaches decreased since the lightering of SS Jacob Luckenbach in
2002 (ONMS, 2010). There was a spike in reported tarballs in 2016, attributable to a high
number of tarballs (>10,000) reported on Limantour Beach during one survey (Figure S.P.2.2).
The source of the majority of these tarballs is unknown due to lack of testing, but no oiled
wildlife were recorded during the 2016 event (Lindquist & Roletto, 2022a). Of the few
representative tarballs that were analyzed (n = 6) by the Petroleum Chemistry Laboratory at
CDFW’s Office of Spill Prevention and Response (2021), all were determined to be from the
Monterey Formation, a natural, oil-rich geologic feature in coastal California. These tarballs
likely come from natural seeps in the formation, although they could have been generated as a
result of fuel extraction (Henkel et al., 2014). Tar ball deposition peaked seasonally in the fall
and winter months. It is suspected that tarballs from natural seeps in the southern-central
California region are transported to northern California beaches via the Davidson Current,
which prevails along the coast from November through February (Garcia-Reyes & Largier,
2012). Oil pollution in the sanctuary has decreased since 2010, and only a few oiled birds (less
than 1% of dead birds observed during annual Beach Watch surveys [see Box 2], n = 30) were
documented from 2010—2021 (Lindquist & Roletto, 2022a).
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Figure S.P.2.2. Tar ball encounter rates on GFNMS beaches from 1994—2021. The peak in 2016 was
due to a high number of tarballs (>10,000) on Limantour Beach during one survey, most likely attributed
to a natural seep. Source: Lindquist & Roletto, 2022a

Agriculture and Developed Land Use

GFNMS regulations prohibit the construction of any structure within the sanctuary, but land
development in the watersheds of the sanctuary can impact water quality through increased
sedimentation and runoff. We reviewed the level of land use, agriculture, and construction
within the watersheds of the sanctuary as a proxy for sedimentation and runoff. The U.S.
Geological Survey’s National Land Cover Database provides information on land surface
characteristics (e.g., cover of urban areas, agricultural areas, forest, impervious surfaces, tree
canopy; Homer et al., 2012). The database was used to evaluate all land use within 10 miles (16
km) of the GFNMS boundary from 2008—-2019. From 2008-2015, there was no change in
development, but from 2016—2019, there was approximately a 1.2% increase in high-, medium-,
and low-intensity developed land (Dewitz & U.S. Geological Survey, 2021). Cultivated crop cover
increased by three square miles [8 km?2] since 2009. During the same time period, shrub/scrub
and grassland cover decreased (by 11 mi2 [28 km2] and 3.5 mi2 [9 km2], respectively). These
decreases may be due to the conversion of these lands into agricultural lands (Dewitz & U.S.
Geological Survey, 2021).

Conclusion

A number of human activities directly affected or threatened GFNMS water quality during the
study period, resulting in a status rating of fair. While there were improvements in some
indicators, others remained stable or worsened, resulting in an overall mixed trend. Although
cargo vessels increased in size over time, they transited fewer miles through the sanctuary.
Cruise ships discharged prohibited material, primarily EGCS effluent, but also treated and
untreated sewage, desludging material, and food waste, into the sanctuary between 2015—2017.
Dredged material spills occurred in sanctuary waters, but both the number of incidents and spill
volume declined over time. Land use data indicated only a slight increase in developed land use
within the sanctuary watershed. More information on the quantified impacts from vessel sizes,
distance traveled and speeds (e.g., sulfur oxide emissions), and the numerous small fuel spills
would better inform this question.

92
Greater Farallones | Condition Report



Status and Trends of Drivers and Pressures

Estuarine and Lagoon Region

Status Description: Selected activities have caused
Fair  EJ00 measurable resource impacts, but effects are localized and not
widespread or persistent.

Rationale: There is a limited amount of quantitative data on human activities that may affect
water quality in GFNMS estuarine and lagoon habitats. Although remediation has occurred at
the inactive Gambonini Mine, mercury remains elevated in Walker Creek and the Walker Creek
Delta. Vessel activities, which elevate the risk for petroleum product releases and potentially
human waste discharge, remain popular in Tomales Bay. There was a minor increase in
developed high-intensity land use, but the associated impacts to water quality in sanctuary
estuaries are unknown. Oil releases from vessels and vehicles occurred, but the volumes and
impacts are generally unknown.

Findings from the 2010 Condition Report

In the 2010 condition report, the status rating for human activities that influence water quality
was fair/poor, and the trend was improving. The rating was based on land use pressures that
caused changes to sediment and freshwater regimes; loss of eelgrass beds in Bolinas Lagoon;
and increased restoration activities, increased regulations, and best management practices that
may allow for improvements.

New Information in the 2010—2022 Condition Report

Information considered for the current assessment included: construction, new development,
and changes to land use adjacent to all estuaries; fecal coliform discharges in Tomales Bay;
recreational human use of Tomales Bay; and implementation of the Tomales Bay Mooring
Program, which includes new requirements for all privately owned moorings and provides
additional water quality protections (Table S.P.2.2).

Table S.P.2.2. Summaries for the key indicators related to human activities that may impact water quality
in the estuarine and lagoon regions of GFNMS that were discussed during the July 11, 2022 virtual status
and trends workshop.

Indicator Source Data Summary Tables
Watershed CSWRCB, Status: All estuaries in GFNMS except Bolinas Lagoon | N/A
activities 2019a, 2022a | are considered impaired bodies of water. Impairments
impacting resulted from mines, dairy farming, and cattle and
water quality— sheep ranching in the sanctuary’s watersheds.
mines and
ranching Trend: Mercury in Walker Creek and Walker Creek

Delta decreased since mine remediation in 2000. The

amount of farming/ranching was stable.
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Indicator

Source

Data Summary

Tables

Watershed
activities
impacting
water quality—
developed land
use

Dewitz & U.S.
Geological
Survey, 2021

Status: In 2019, there were low levels of Developed
High Intensity land use within 2 miles of Estero
Americano, Estero de San Antonio, Tomales Bay, and
Bolinas Lagoon.

Trend: Between 2008 and 2019, Developed High
Intensity land use increased slightly in the watersheds
of all four estuaries.

N/A

Human waste
discharge
sources in
Tomales Bay

CSWRCB,
2016, 2022a;
CDPH, 2019a,
2019b;
Lindquist &
Roletto, 2022a

Status: A number of human activities are believed to
introduce human waste into Tomales Bay; however,
data on the levels of most of these activities were not
available.

Trend: No trend data were available.

N/A

Vessel
activities in
Tomales Bay

GFNMS,
2022¢;
Lindquist &
Roletto, 2022a

Status: From 2010-2021, motorized vessels were
observed at a rate of 0.21-0.66 vessels per mile
(0.13-0.41 vessels km™); non-motorized vessels were
observed at a rate of <0.02-1.03 vessels per mile
(<0.01-0.64 vessels km™). Moored vessels are
present in Tomales Bay but must be permitted and
compliant with GFNMS regulations. In 2016, 130
unpermitted moorings were recorded in Tomales Bay.
Between 2016 and 2022, 51 unpermitted moorings
were relocated out of eelgrass beds or removed. As of
May 2022, three unpermitted moorings were recorded.

Trend: In Tomales Bay, motorized vessel use
remained stable over time, while non-motorized vessel
use increased. The number of unpermitted moorings
decreased, and a dump station was made available in
2014.

N/A

Oil release
events

GFNMS,
2022d

Status: Minor oil release incidents occurred in Tomales
Bay nearly every year since 2014, but these incidents
were not frequent (n = 14 from 2014—-2022). Most
incidents involved the release of unknown petroleum
products. No releases have been documented in the
other estuaries.

Trend: There was no apparent trend in the number of
incidents over time, as these were infrequent. A trend
in volume of material released could not be assessed
due to a lack of data.

S.P.23

Data gaps

There is a lack of data on human activities that may impact water quality in Estero

Americano, Estero de San Antonio, and Bolinas Lagoon. Data on the number of boats
moored or transiting through Tomales Bay are limited. More information is needed on

leaking septic systems and illegal discharges of human waste.
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There are four estuaries within GFNMS: Estero Americano, Estero de San Antonio, Tomales
Bay, and Bolinas Lagoon (Figure SS.8). Human activities affecting water quality in these
estuaries, particularly Tomales Bay, can come from various sources, including, but not limited
to:

¢ Runoff from historic mining activities in the watershed;

e Runoff from dairy, sheep, and cattle ranches;

e Improperly functioning residential septic systems;

e Malfunctioning wastewater treatment facilities (there are eight facilities within the
watershed);

o Illegal camping, recreational vehicle camping, or improper disposal of human waste
adjacent to Tomales Bay;

e Illegally moored or anchored vessels;

e Overboard discharges from vessels that are moored, anchored, or operated in estuaries,
including kayaks, motorboats, and sailboats; and

¢ Oil pollution from abandoned vessels and vehicles in estuaries.

Activities both within GFNMS boundaries and in sanctuary watersheds were considered. The
areas around GFNMS estuaries are generally rural, residential, or agricultural. Because direct
measurements of human activities were limited, several of the indicators used for this
assessment are proxies for human activities, such as areas listed as impaired bodies of water
under the Clean Water Act and by the San Francisco Bay Regional Water Quality Control Board,
as well as developed land use.

Watershed Activities Impacting Water Quality—Mines and Ranching

The Walker Creek and Walker Creek Delta within Tomales Bay and its northern watershed is
impaired due to high levels of mercury and debris from historic mining (CSWRCB, 2019a).
Mercury mining in the Walker Creek watershed occurred in the 1960s and ceased by 1972. The
Gambonini Mine was the largest mercury mine in the watershed, operating from 1964-1970.
Other inactive mercury mines in the Walker Creek watershed include the Franciscan, Cycle, and
Chileno Valley mines. Mercury may also enter water bodies through runoff and atmospheric
deposition (i.e., from fossil fuel emissions; Marin Countywide Stormwater Pollution Prevention
Program, 2022), however inactive mines, especially the Gambonini Mine, are the source of the
majority of mercury in Walker Creek and its delta. In 1999, the San Francisco Regional Water
Quality Control Board and U.S. Environmental Protection Agency (EPA) conducted an
emergency superfund cleanup at the Gambonini Mine site, which was the greatest source of
mercury in the watershed (CSWRCB, 2021a). In 2008, Total Maximum Daily Loads (TMDLs)
were established for mercury in Walker Creek (CSWRCB, 2021a). These efforts reduced mercury
pollution and improved water quality, although more information is needed (CSWRCB, 2021a).

The most common type of land use in the watersheds of Estero Americano and Estero de San
Antonio is livestock agriculture (dairy farming and sheep and cattle ranching), and is also
common in Tomales Bay watersheds; this has remained consistent over the past three decades.
Runoff from farming and ranching may impair the esteros and Tomales Bay by introducing high
levels of nutrients, which can result in low levels of dissolved oxygen, as well as sediment,
ammonia, copper, and bacteria (California Coastal Commission, 2019). Pollutants may be
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introduced as a result of cultivated crops, inadequate storage of animal wastes and manure
ponds, as well as a lack of adequate fencing to keep livestock out of the watersheds or estuaries.
Increased sediment in runoff can originate from grazing livestock, modified drainage pathways,
removal of riparian vegetation, destabilized streambanks, and upland erosion (Gold Ridge
Resource Conservation District, 2007). The amount of land used for cultivated crops increased
by 0.0178 square miles, for a total of 0.0577 square miles in 2019.

Watershed Activities Impacting Water Quality—Developed Land Use

The areas around GFNMS estuaries are generally rural, residential, or agricultural. The National
Land Cover Database (Dewitz & U.S. Geological Survey, 2021) was used to assess changes in
land use classified as “Developed High Intensity” (highly developed areas in which impervious
surfaces account for 80-100% of total cover) within two miles of GFNMS estuaries between
2008 and 2019. Developed High Intensity land use increased by 0.004 square miles (0.01 km?)
at Estero Americano, 0.002 square miles (0.005 km?2) at Estero de San Antonio, 0.004 square
miles (0.01 km2) at Tomales Bay, and 0.003 square miles (0.008 km?2) at Bolinas Lagoon. In
2019, the total cover of Developed High Intensity land was 0.057 square miles (0.148 kmz2) at
Tomales Bay, and 0.030 square miles (0.008 km2) at Bolinas Lagoon. Data were not available
for Estero Americano or Estero de San Antonio.

Human Waste Discharge Sources in Tomales Bay

In 2006, Tomales Bay was identified as an impaired water body in accordance with Section
303(d) of the Clean Water Act due to elevated levels of pathogens (EPA, 2007). Tomales Bay and
its main tributaries, Lagunitas, Walker, and Olema creeks, are impaired by pathogens from
human waste. Human activities that contribute to fecal coliform levels in Tomales Bay likely
include improper disposal of human waste from motorized and non-motorized vessels;
improper disposal of human waste from illlegal tent, recreational vehicle, and kayak camping;
improperly functioning residential septic systems; and malfunctioning wastewater treatment
facilities (there are eight facilities within the watershed) adjacent to Tomales Bay. Prior to 2010,
there were no designated disposal stations for human waste from vessels in Tomales Bay. In
2014, the first waste disposal station for Tomales Bay was installed at Miller Park on the east
shore, allowing for proper disposal of untreated waste from vessels (although it does not have a
pump-out capability for vessels with holding tanks). Since most human activities that may result
in the discharge of human waste are not directly measured, limited information was available to
assess status and trends; however, vessel activities are described in the section below. Data on
the effects of human waste discharge and associated pathogen levels in sanctuary estuaries are
presented in Question 9.

Vessel Activities in Tomales Bay

Tomales Bay remains a popular recreational boating location, with vessels moored or anchored
in the bay permanently and temporarily (day use); however, data on the number of motorized
and non-motorized vessels transiting or moored throughout the bay are limited. As more vessels
transit and are moored on the bay, the risk of discharges increases. Motorized vessels were
observed at a rate of 0.21—0.66 vessels per mile (0.13—0.41 vessels km™) within 0.3 miles (0.5
km) of two beaches along Tomales Bay from 2010—2021; the number of vessels observed was
stable over time (Lindquist & Roletto, 2022a). Non-motorized vessels were observed at a rate of
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<0.02-1.03 vessels per mile (<0.01-0.64 vessels km™), and increased from 2010—-2021
(Lindquist & Roletto, 2022a). The Tomales Bay Mooring Program, developed by GFNMS and
the California State Lands Commission and launched in 2013, provides a mechanism for boat
owners to obtain permits to moor vessels in the bay (GFNMS, 2024). To obtain a permit,
moorings and vessels must meet multiple criteria to reduce the likelihood that a vessel will sink
or leak fuel and other materials, thus indirectly protecting water quality. The number of private
vessels permanently moored year-round on the bay decreased since 2010 (GFNMS, 2022¢). A
total of 130 unpermitted vessel moorings were recorded in Tomales Bay in 2016 and consisted of
unregulated and potentially toxic materials, such as tires and engine blocks. From 2016 to 2022,
unpermitted moorings in Tomales Bay decreased from a total of 130 to a total of three (GFNMS,
2022e), reducing the potential for toxic material to enter the bay from moorings. As of May
2022, there were 59 permitted and installed moorings on the bay (GFNMS, 2022¢).

Oil Release Events

Boats and cars have released fuel almost every year in Tomales Bay since GFNMS started to
track incidents in 2014 (Table S.P.2.3; GFNMS, 2022d). No incidents were documented in
Bolinas Lagoon or the esteros within this timeframe. Since 2014, 14 known incidents involving
the release of petroleum products from vessels, automobiles, or other sources have been
reported within Tomales Bay. The volume of fuel released was undetermined for 11 of the
incidents, with the remaining three releasing an estimated minimum of 170 gallons combined.
Because most incidents resulted in the release of an unknown quantity of petroleum products, it
was not possible to determine a trend for this metric.

Table S.P.2.3. Known petroleum release events in Tomales Bay since 2014. This information is reported
by various sources to GFNMS and subsequently investigated by GFNMS to determine the type of
incident and type and amount of fuel spilled. Fuel quantities, if provided, are rough estimates, as the
exact amount of fuel aboard a vessel at any given time is typically not well documented. Source: GFNMS,
2022d

Vessel, . Estimated .
. . Recreational, Estimated Amount of
Incident Automobile, . Fuel .
. Commercial, or : Fuel Type | Fuel Released into the
Year Container, or Other? Capacity Sanctuary (gallons [L])
Other? ' (gallons [L]) y9
2014 Vessel Recreational 100 (379) Gasoline Unknown
2014 Automobile Other Unknown Gasoline Unknown
2014 Automobile Other Unknown Gasoline Unknown
Unspecified
2015 Vessel Recreational Unknown petroleum Unknown
product
Unspecified
2015 Vessel Recreational Unknown petroleum Unknown
product
Unspecified
2015 Vessel Recreational Unknown petroleum Unknown
product
2015 Automobile Commercial Unknown Gasoline Unknown
Unspecified
2016 Vessel Recreational 15 (57) petroleum 15 (57)
product
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Vessel, . | Estimated . ¢
Incident Automobile Recreatlo_na, Fuel Estimated Amo_unt o]
. ' Commercial, or . Fuel Type | Fuel Released into the
Year Container, or Other? Capacity Sanctuary (gallons [L])
Other? ; (gallons [L]) ¥y
2016 Automobile Unknown Unknown Gasoline Unknown
2017 Other Unknown 5(19) Diesel 5(19)
Unspecified
2018 Vessel Commercial Unknown petroleum Unknown
product
2020 Vessel Commercial 300 (1,136) Diesel Unknown
2021 Vessel Other Unknown Diesel 150 (568)
2021 Vessel Recreational Unknown Unknown Unknown
Conclusion

Human activities within GFNMS and on the land surrounding its estuaries have the potential to
adversely affect its water quality. Although mercury mining has ceased and remediation has
occurred, other activities that have the potential to affect water quality continued throughout the
study period, particularly boating, resulting in a fair status rating. While some activities
remained stable during the study period (i.e., farming/ranching, motorized vessel use), others
increased (i.e., highly developed land use, non-motorized vessel use) or decreased (e.g., illegal
moorings), resulting in a mixed trend rating. More information is needed to understand the
status and trends of human activities that result in human waste discharge into Tomales Bay,
including the number of leaking septic systems and illegal dumping of human waste. Additional
data on vessel use in Tomales Bay and Bolinas Lagoon would also strengthen future assessments
of this question. There is also a lack of data on human activities that may impact water quality in

Estero Americano, Estero de San Antonio, and Bolinas Lagoon.
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Question 3: What are the levels of human activities that may
adversely influence habitats and how are they changing?

Coastal and Offshore Region

Status Description: Selected activities have caused
rair  [EJ000 measurable resource impacts, but effects are localized and not
widespread or persistent.

Rationale: Marine debris was documented on beaches regionally and on the surface and the
seafloor in GFNMS. The most commonly found type of debris on the seafloor was commercial
fishing gear. Trawling and crab fishing activities occur each year through large areas of the
sanctuary. In 2020, more areas were opened to trawling in GFNMS. Easy access to some rocky
reefs in the sanctuary, such as Duxbury Reef, resulted in comparatively high human visitation.
The lack of baseline data for these indicators prevented the determination of a trend.°

Findings From the 2010 Condition Report

A direct comparison of status and trends to the 2010 condition report is not possible because the
sanctuary expanded in 2015, during the time period for this assessment. The expansion added
new coastal and offshore areas and habitats that were not assessed in the 2010 condition report.
In 2010, the status for this question was good/fair and the trend was not changing. While
urbanization, visitation, and shipping increased, trawling and chronic oil pollution decreased,
discharge of radioactive waste ceased, and regulations to prevent introduced species were
established. The 2010 assessment thus concluded that some potentially harmful activities were
occurring, but none appeared to have had a negative effect on habitat quality.

New Information in the 2010—2022 Condition Report

Human activities used to evaluate this question included marine debris on beaches adjacent to
GFNMS, at the surface, and in the benthic environment; vessel incidents; benthic commercial
fishing activities; and visitors at reefs (Table S.P.3.1).

10 At the 2022 status and trends workshop, experts assigned a status rating of fair/poor with a high
confidence score. Following the workshop, GFNMS staff reevaluated the indicators, data sets, and expert
input that was received during the workshop and determined that a status rating of fair with low
confidence was more appropriate, as the data did not sufficiently show that impacts were severe during
the study period. See Appendix C for more information regarding these changes.
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Table S.P.3.1. Summaries for the key indicators related to human activities that impact habitat in the
coastal and offshore region of GFNMS that were discussed during the July 11, 2022 virtual status and
trends workshop.

Trend: Visitor activities at rocky reefs appeared to
decrease slightly from 2015-2019.

Indicator Source Data Summary Figures
Beach debris | NOAA Marine | Status: Land-sourced debris (bottle caps, food wrappers, | S.P.3.1
Debris and straws) and, to a lesser extent, ocean-sourced

Program, debris (fishing lures, line, rope and tubes) were found at
2020; Bimrose | survey sites on beaches adjacent to GFNMS (these sites
etal., 2021 were considered as indicators of regional debris trends
as data for beaches inside GFNMS were unavailable).
Trend: The trend for this indicator was undetermined for
the study period due to insufficient data.
Surface Elliott et al., Status: Surface debris is generally sparse but has been |S.P.3.3
debris 2022b observed throughout the sanctuary. Surface debris
included 0.03-0.21 crab trap buoys per square mile
(0.09-0.54 traps km™).
Trend: There was a spike in surface debris density in
2010, but debris subsequently decreased and remained
relatively stable through 2019.
Sunken CDFW, Status: Fishing gear was the most common type of N/A
debris in the | 2020a, 2023a; | debris found on the seafloor of GFNMS. Crab pots are
benthic PFMC, 2013 known to be lost frequently; approximately 29,200—
environment 83,500 traps are set on the seafloor in GFNMS annually,
and about 10% of these may be lost.
Trend: The trend was undetermined for the study period
due to insufficient data.
Vessel GFNMS, Status: A total of 33 vessel incidents occurred in GFNMS | S.P.3.4
incidents 2022d; USCG, | from 2012—2021; these incidents affected habitat and
2022 water quality.
Trend: The annual number of incidents varied with no
discernible trend during the assessment period.
Benthic CDFW, Status: An average of eight trawl vessels per year S.P.3.5
commercial [ 2020a; CDFW | operated in the sanctuary from 2010—2020.
fishing 2023a
activities Trend: Trends for trawling were undetermined for the
study period due to insufficient data. As of 2020, new
seafloor areas in the sanctuary were opened to trawling;
however, data were not available to assess whether
trawling occurred in these areas during the study period.
Visitors at Lindquist & Status: Visitor use at Duxbury Reef was high compared | N/A
reefs Roletto, 2022a | to other rocky intertidal sites in Marin County.
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Indicator Source Data Summary Figures

Data gaps More data on marine debris throughout the sanctuary are needed, including sunken
marine debris and beach debris, especially at coastal sites in the expansion area of
GFNMS, to better determine impacts and trends over time.

Types of Marine Debris

Marine debris can result from a variety of human activities in and adjacent to the sanctuary,
such as construction, littering, plastic manufacturing, hunting, and aquaculture. Because many
of these activities are difficult to measure directly and may occur outside the GFNMS region,
marine debris prevalence in and adjacent to sanctuary habitats was assessed as a proxy for these
activities. Marine debris is defined as “any persistent solid material that is manufactured or
processed and directly or indirectly, intentionally or unintentionally, disposed of or abandoned
into the marine environment or Great Lakes” (33 U.S.C. § 1956). Marine debris may be found in
any location throughout the sanctuary including the water column, water surface, beaches,
estuaries, and the seafloor. Some of the most common and harmful types of marine debris
include plastic, such as cigarette butts, plastic bags, and food wrappers; aquaculture debris; and
derelict fishing gear (Office of Response and Restoration, 2023). Marine debris can range in size
from microplastics too small to be seen with the human eye to large abandoned and derelict
vessels, construction debris, and household appliances that can damage sensitive habitats
(Office of Response and Restoration, 2023). Although some of these items may eventually break
down, others may never fully degrade and may persist in the marine environment (Office of
Response and Restoration, 2023).

Beach Debris

Marine debris monitoring data for GFNMS beaches were not available for this assessment.
However, data from beaches adjacent to but outside the sanctuary can provide information on
debris trends in the region. Monitoring data were assessed from six sandy beaches just outside
of the sanctuary that have all been historically determined to be deposition areas for ocean-
sourced debris (e.g., fishing gear; Bimrose et al., 2021). Land-sourced consumer, single-use
products (e.g., bottle caps, food wrappers, plastic straws) were the most common type of debris
observed on beaches in the region. Ocean-sourced debris was found in lower amounts than
land-sourced debris, and fishing gear was the most common type of ocean-sourced debris (e.g.,
fishing lures, line, rope and separator tubes; Figure S.P.3.1; NOAA Marine Debris Program,
2020; Bimrose et al. 2021).

Photos documenting wood construction products and plastic debris on multiple beaches along
the Sonoma Coast have been uploaded to NOAA’s Marine Debris Monitoring and Assessment
Project (NOAA Marine Debris Program, 2020). Without ongoing monitoring at these beaches,
the status and trend for beach debris in this area is unknown.

101
Greater Farallones | Condition Report


https://marinedebris.noaa.gov/info/plastic.html
https://marinedebris.noaa.gov/types/derelict-fishing-gear
https://marinedebris.noaa.gov/what-marine-debris/microplastics
https://marinedebris.noaa.gov/what-marine-debris/abandoned-and-derelict-vessels
https://marinedebris.noaa.gov/what-marine-debris/abandoned-and-derelict-vessels

Status and Trends of Drivers and Pressures

Figure S.P.3.1. Types and percentages of marine debris items found at six shoreline monitoring sites
adjacent to GFNMS during 334 surveys conducted from July 2012 through June 2018. Note that data
were not readily available for marine debris on beaches within the boundary of the sanctuary. The sites in
this figure are located outside of the sanctuary but have been identified as beaches where ocean-sourced
debris is likely to accumulate and thus were used as a proxy for beaches in the sanctuary. Image: NOAA;
Source: NOAA Marine Debris Program, 2020; Esri, 2020
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Box 1: Applied California Current Ecosystem Studies

Applied California Current Ecosystem Studies (ACCESS) is a public-private partnership of
GFNMS, CBNMS, and Point Blue Conservation Science to monitor ocean ecosystem health
and inform sanctuary management. Since 2004, ACCESS has conducted vessel-based surveys
between Bodega Head and Half Moon Bay, spanning over 298 miles (480 km), 16 transects,
and 31 water column sample stations in nearshore and offshore regions of GFNMS, CBNMS,
and the northern portion of MBNMS. Surveys are conducted approximately three times per year
to capture the beginning, peak, and the end of the upwelling season. In some years, sampling
efforts extend farther north and south, depending on weather and funding. Additional
collaborators involved in ACCESS include Greater Farallones Association, CDFW, National
Marine Fisheries Service, U.S. Fish and Wildlife Service, University of California Davis, San
Francisco State University, and Monterey Bay Aquarium Research Institute. ACCESS samples
for abundance and distribution of birds, mammals, marine debris, nutrients, water properties,
ocean acidification, environmental DNA, and quantification of fish, krill, and other zooplankton.
ACCESS also provides training and enrichment opportunities for science teachers and
undergraduate and graduate students, as well as paid internships. Additionally, ACCESS has
provided a platform for collaborator research, like NOAA’s ADRIFT in the California Current
program, which used drift buoys to record soundscape metrics (including the presence of
marine mammal species and human noise sources like vessels). ACCESS data on the status
and trend of nearshore and offshore wildlife and human activities have been used for:

o |dentification of wildlife hotspots and forage areas to inform management efforts to
reduce ship strikes and entanglements (e.g., using data on krill, other zooplankton, birds,
and mammals);

e Understanding how climate change is affecting this region of the California Current
Ecosystem, particularly in terms of water quality, forage species abundance and
distribution, predator responses, ocean acidification, eutrophication, and habitat
compression;

e Detection of emerging impacts and anthropogenic influences;

e Providing marine science learning opportunities for teachers, interns, undergraduate and
graduate students; and

¢ Informing oil pollution response activities and Natural Resource Damage Assessments.
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Figure S.P.3.2. ACCESS conducts vessel-based surveys between Bodega Head and Half Moon Bay.
These surveys include nearshore and offshore transects and water column sample stations. Image:
NOAA; Source: Elliott et al., 2022a; Esri, 2020

Surface Debris

Marine debris at the surface in the offshore environment is monitored through ACCESS (Box 1;
Figure S.P.3.2; Elliott et al., 2022b). Surface debris observed included items such as out-of-
season crab pot buoys, plastic bags, bottles, floats, balloons, and styrofoam. Floating debris is
generally sparse, but has been recorded throughout the sanctuary. Out-of-season crab trap
buoys were observed at an average density of 0.07 per square mile (0.19 traps km-2) and ranged
from 0.03—0.21 per square mile (0.09—0.54 traps km=2; Elliott et al., 2022b). An unexplained
spike in conspicuous surface debris was observed in 2010 but subsequently decreased and has
since remained relatively stable (Figure S.P.3.3).
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Figure S.P.3.3. Density of floating conspicuous marine debris observed at the surface during ACCESS
cruises in GFNMS and CBNMS from 2008-2019. Image: NOAA, Source: Elliott et al., 2022b

Sunken Debris in the Benthic Environment

Fishing gear was the most common category of debris found on the seafloor of GFNMS. A large
portion of one type of fishing gear, crab traps, are known to be lost each year. These circular
steel traps, commonly called pots, measure 36—48 inches (91—122 c¢m) in diameter (9.5—-12.5 ft
[3—4 m] in circumference). The number of trips per vessel can vary each year depending on the
length of the season. However, an average of 167 (+ 31.5 standard deviation) vessels set crab
pots each season with each vessel setting between 175—500 pots per year in GFNMS (CDFW,
2020a, 2023a). This means approximately 29,200—83,500 pots are set on the seafloor each year
in GFNMS. The Dungeness crab commercial fishing season typically occurs during the winter
months in the North Central California region. Based on anecdotal reports, roughly 10% of pots
deployed within the U.S. portion of the California Current Ecosystem may be lost each year due
to harsh winter ocean conditions (PFMC, 2013). An approximate 10% loss could mean that an
estimated minimum of 2,920 lost pots per year (and as many as 8,350 a year) could impact
benthic habitat in GFNMS without interventions to remove lost pots. Impacts to seafloor from
fishing gear are discussed in Question 10 of this report.

Vessel Incidents

Sunken and grounded vessels and lost steel shipping containers impact GFNMS benthic habitat.
Large objects that sink to the seafloor can crush or smother corals, sponges, and other benthic
fauna, cause permanent loss and/or scarring and damage to rocky reef habitat, and reduce
carbon storage (i.e., sequestered carbon in the seafloor; Hutto et al., 2021). A total of 33
incidents that resulted in impacts to habitat and/or water quality occurred in GFNMS from
2010—2021, and most of these occurred close to shore (Figure S.P.3.4; GFNMS, 2022d; USCG,
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2022). An individual incident can result in extensive, significant, or multiple impacts. Debris
generated by these incidents can include styrofoam, wood, metal, plastic, fishing gear,
petroleum products, and other hazardous materials, such as heavy metals, polychlorinated
biphenyls (PCBs), asbestos, and household cleaners. The number of incidents per year varied
with no discernible trend.

Roint/Arenat

AN S
onoma Co.

Figure S.P.3.4. The locations where vessel incidents occurred between 2012 and 2021, each of which
likely resulted in the release of marine debris. Image: NOAA; Source: GFNMS, 2022d; USCG, 2022; Esri,
2020

106
Greater Farallones | Condition Report



Status and Trends of Drivers and Pressures

Benthic Commercial Fishing Activities

Fishers use a variety of gear types in GFNMS and the surrounding region, including pots/traps,
troll gear, trawls, seines, longlines, and hook and line (CDFW, 2020a). The most common types
of commercial bottom fishing gear in terms of harvest revenue and pounds landed are
pots/traps and trawls (CDFW, 2020a). The commercial Dungeness crab fishery is the largest
fishery that uses trap gear in GFNMS (CDFW, 2020a). Dungeness crab fishing occurs at depths
of about 50—-650 feet (15—200 m), generally in areas of low relief and low complexity (Marine
Stewardship Council, 2010). Most commercial Dungeness crab fishing occurs in waters with
silty sand to sandy bottoms, so crab pot contact with the seafloor is less likely to impact sensitive
benthic species found in more structurally complex habitats (Pacific Marine Fisheries
Commission, 1978; Kaiser et al., 2001). However, derelict crab gear may still have an impact on
the benthos, especially by continuing to entrap marine life (i.e., “ghost fishing”).

Bottom trawl gear can directly impact benthic habitats through crushing, breaking, and
removing rocks or animals and disturbing the top layers of sediments that house infauna, fish,
and invertebrates. An average of eight (+1.6 standard deviation) trawl vessels operated in the
sanctuary each year from 2010—2020 (CDFW, 2020a), which is significantly fewer than the
number of vessels commercially fishing with pots and hook and line. In 2020, new Essential
Fish Habitat Conservation Areas were closed to bottom trawling in GFNMS; however, the
Rockfish Conservation Area was opened to trawling, making more benthic habitat subject to
bottom trawl impacts overall. As a result, benthic habitat protection decreased in 2020 because
an additional 150.29 square miles (241.87 km?2) of seafloor was opened to bottom trawling
within GFNMS (Figure S.P.3.5; National Centers for Coastal Ocean Science, 2020). In addition
to the opening of the Rockfish Conservation Area, a redesign and modification reduced the size
of Point Arena Biogenic Area South from 99.06 square miles (256.56 km?) to 36.09 square miles
(93.47 km2), opening additional seafloor areas to trawling. For the majority of areas where
bottom trawling is allowed, there is a lack of data on the types of habitat present, including
biogenic habitat (corals, sponges, sea pens, and sea whips). At the time of this assessment, data
were not available to indicate the extent of bottom trawling that had occurred in the areas that
were opened in 2020, so it cannot be assumed that trawling occurred in the newly open areas
during the study period.
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Figure S.P.3.5. Maps of GFNMS showing areas closed to bottom trawling prior to 2020 (left) and after
2020 (right). The number of trawl vessels per three kilometers from 2011 to 2020. Image: NOAA,; Source:
National Centers for Coastal Ocean Science, 2020; Esri, 2020
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Box 2: Beach Watch

Beach Watch is a public-private shoreline monitoring program that is run in partnership by
GFNMS and Greater Farallones Association. Since 1993, the Beach Watch program has
conducted bimonthly surveys along 40—65 beaches, spanning 210 miles (339 km) from
Mendocino County to southern San Mateo County, including Bolinas Lagoon and Tomales Bay.
Over the years, staff have partnered with over 10 institutions and agencies, including CDFW,
National Marine Fisheries Service, California Academy of Sciences, and the National Park
Service. Data are presented as encounter rates or numbers observed standardized by distance
surveyed, and are used to identify distribution of, seasonality of, and trends for organisms and
activities along the shoreline, out to 984 feet (300 m). The Beach Watch program has trained
over 600 volunteers, who collect data on coastal and estuarine wildlife and human activities
including:

e Bird and mammal abundance and distribution along the coast;

e Species inventories in county, state, and national parks;

e Seasonal, relative abundance and distribution of beach wrack, an important shoreline
biogenic (living structural) habitat;

o Marine debris entanglement;

o Early alerts of mortality events and changing conditions along the coast;

e Resources at risk from coastal human activities like disturbance and oil pollution;

e Predator-prey relationships for breeding coastal birds and mammals; and

e Severity of impacts from oil pollution and boat groundings and length of time to restore
lost ecosystem services.
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Figure S.P.3.6. Beach Watch survey locations showing the central point of each beach survey segment.
Image: NOAA,; Source: Lindquist & Roletto, 2022b; Esri, 2020
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Human Use at Coastal Reefs

Human use occurs at multiple intertidal reef locations throughout GFNMS. However, Duxbury
Reef, which is designated by the state of California as a State Marine Conservation Area,
remains the most easily accessible rocky intertidal reef within GFNMS. While it has a high level
of use compared to other rocky intertidal sites in Marin County, it has a moderate to low level of
visitor use in comparison to rocky reefs in Southern California or San Mateo County. It is a
sensitive intertidal habitat where trampling and collecting can cause long-term negative impacts
to habitat and species. The Beach Watch project (Box 2; Figure S.P.3.6) provides data on human
activities at Duxbury Reef.

From 2015 through 2021, the average visitor rate to the rocky shoreline of Duxbury Reef and
Agate Beach was 4.0—12.4 people per mile (2.5—7.7 people km™). Average visitation was highest
in 2015 and lowest in 2019, and decreased slightly during the study period (Lindquist & Roletto,
2022a). The numbers of people on the reef may indicate various impacts, such as trampling,
collection, and disturbance to reef organisms.

Conclusion

This question was rated fair based primarily on the fact that marine debris has been found on
sandy beaches in the region and on the surface and seafloor throughout the sanctuary, trawling
and crab fishing activities occurred annually throughout large areas of sanctuary seafloor, and
there is high human use at one rocky intertidal location in GFNMS. Floating debris on the
surface was sparse but present throughout the sanctuary. Fishing gear was the most common
type of marine debris found on the sanctuary seafloor, and an estimated ~3,000 crab traps may
be lost in the sanctuary annually. Approximately 150 square miles (242 km?) reopened to
bottom trawling in GFNMS in 2020, decreasing overall seafloor protections, but data were not
available to determine whether bottom trawling has occurred in those areas. High human use
continued at Duxbury Reef, with a slight decline from 2015—2019. The trend for this question
was undetermined based on a lack of information about long-term trends for a number of the
indicators; some appeared to be stable while a trend could not be determined for others without
more information. More data are needed on marine debris throughout the sanctuary, including
beach debris, especially at coastal sites, and sunken marine debris across a larger area of
seafloor to better determine trends over time.
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Estuarine and Lagoon Region

Status Description: Selected activities have caused
rair  [EJ000 measurable resource impacts, but effects are localized and not
widespread or persistent.

Rationale: There is limited information on specific human activities that may adversely impact
estuarine and lagoon habitat in GFNMS, and ratings were based on a limited number of
relevant indicators for which information was available in Tomales Bay. Removal of moorings
from eelgrass beds since 2016 reduced the potential for damage to eelgrass habitat. Marine
debris was consistently present in Tomales Bay despite some removal efforts. Clamming
activities continued to occur, and activity was likely lower compared to historic levels, though
data were limited. Little to no data were available for all indicators for Bolinas Lagoon, Estero
Americano, and Estero de San Antonio.

Findings From the 2010 Condition Report

In the 2010 condition report, the status for this question in the estuarine and lagoon
environment was fair and the trend was not changing. Measurable habitat impacts related to
urbanization and poor land use practices continued to occur, but evidence suggested effects
were localized, not widespread. However, impacts on eelgrass and the presence of marine debris
in Tomales Bay were not considered in the 2010 condition report.

New Information in the 2010-2022 Condition Report

Human activities used to evaluate this question included the use of moorings, marine debris,
and recreational clamming in the GFNMS estuarine and lagoon region (Table S.P.3.2).

Table S.P.3.2. Summaries for the key indicators related to human activities that impact habitat in the
estuarine and lagoon region that were discussed during the May 17, 2022 virtual status and trends
workshop.

Indicator Source Data Summary Figures

Moorings GFNMS, Status: From 2016-2022, 51 unpermitted moorings S.P.3.7
2022e; Merkel | were removed or relocated in Tomales Bay, including
& Associates, 19 that were located in eelgrass beds; three moored
Inc., 2015, docks were also removed from eelgrass beds. In 2022,
2017a; R. there were no moorings in eelgrass beds. A small
Feris, personal | number of moorings exist in Bolinas Lagoon. There are
communication | no known moorings in the esteros.

, September
26, 2023 Trend: Conditions improved in Tomales Bay. The trend
was undetermined in Bolinas Lagoon and the esteros
due to a lack of data.
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Indicator Source Data Summary Figures
Marine debris | GFNMS, Status: Marine debris has been documented in N/A
2022d, 2022e; | Tomales Bay and cleanup efforts have occurred since
The 2014. Bolinas Lagoon had one known marine debris
Coastodian, incident during the study period; no data were
2013, 2017 available for the esteros.

Trend: The trend for marine debris was stable in
Tomales Bay and Bolinas Lagoon but undetermined in
the esteros due to a lack of data.

Recreational | N/A Status: Clamming was once popular in Tomales Bay, | N/A
activities: but decreased prior to 2010. No data on clamming
Clamming in activity were available for the study period.

Tomales Bay
Trend: No trend data were available.

Data gaps More data is needed on human activities that may adversely affect habitat in all
estuaries, including levels of clamming activity, marine debris prevalence, and boating
activities. More data is needed on the impacts to habitat from other recreational fishing
activities that may occur in the estuaries (e.g., placing pots on eelgrass), especially
Tomales Bay.

Moorings

Tomales Bay has remained a popular boating location for vessels that are permanently moored
or anchored on the bay or transported to the bay from other locations for day use. The number
of private vessels permanently moored in the bay decreased substantially since 2016 (GFNMS,
2022e). If not properly designed and sited, moorings can alter or destroy seafloor habitat, such
as eelgrass beds. Moorings can also damage habitat if anchors or chains are abandoned on the

seafloor as marine debris (Gulf of the Farallones National Marine Sanctuary, 2013).

Up to 130 unpermitted vessel moorings of various materials and sizes existed in Tomales Bay as
recently as June 2016, some of which were located in sensitive habitats throughout Tomales Bay
(Gulf of the Farallones National Marine Sanctuary & California State Lands Commission, 2013).
Since 2016, 51 unpermitted mooring systems (19 of which were in eelgrass beds), three moored
docks, and three abandoned vessels were removed from the bay or relocated outside of eelgrass
beds, preventing the potential for additional habitat damage from anchor blocks and chain scour
and/or the release of marine debris (GFNMS, 2022¢).

A small number of moorings exist in Bolinas Lagoon (R. Feris, personal communication,
September 26, 2023). Moorings are not known to exist in either of the esteros.

Prior to the introduction of the Tomales Bay Mooring Program in 2015, there were numerous
incidents in which vessels broke loose from their moorings in the bay and caused damage to
habitats, other vessels, and human-made structures. Since 2017, when mandatory inspections
and maintenance of vessel moorings were enacted, there have been no reports of vessels
separating from their moorings and causing impacts to habitat or personal property. However,
there have been several incidents of vessels at anchor breaking loose and causing damage

113
Greater Farallones | Condition Report



Status and Trends of Drivers and Pressures

(GFNMS, 2022e). For example, in 2019, FV Marian broke free of its anchor and damaged
approximately 889.74 square feet (82.66 m2) of eelgrass habitat (EPA, 2021a).

Marine Debris

Marine debris (both land- and ocean-sourced) of various weights, shapes, and sizes is found
throughout Tomales Bay, which is consistent with findings from the 2010 condition report.
Hundreds of large truck tires were submerged off Marconi Cove as breakwaters in the 1960s (F.
Vilicich, personal communication, September 26, 2022). The estimated length of the northern
group of tires is at least 50—60 feet laid along the seafloor (15—18 m; Merkel & Associates, Inc.,
2015). The length of the southern group is less than 30 feet (9 m). Additional marine debris,
including a large steel frame, several abandoned creosote pilings, and numerous pieces of
submerged waste left by abandoned aquaculture facilities, has been observed and documented
in photos or sidescan sonar data (Merkel & Associates, Inc., 2015).

Land-sourced marine debris that has been removed from Tomales Bay since 2010 includes cars,
vessels, a fence, and a berm constructed to divert water for aquaculture purposes. A local citizen
has also documented an extensive amount of debris in the bay, including plastic zip ties, mesh
bags, and other land-sourced debris resulting from aquaculture operations, and has worked
since 2014 (or possibly earlier) independently and with aquaculture operators to remove it (The
Coastodian, 2013, 2017). Two cars crashed into Bolinas Lagoon in 2014; these were removed
(GFNMS, 2022d), but habitat damage occurred as a result of the incidents. There is no
information on the long-term impacts or recovery of the affected areas. There was no apparent
trend in marine debris prevalence in either Tomales Bay or Bolinas Lagoon. No marine debris
data were available for the esteros.

Recreational Activities: Clamming

Clamming in Tomales Bay occurs on the mudflats when the tide is 0.5 feet (0.15 m) or lower
(Lawson’s Landing, 2022). Clam diggers harvest gaper clams, geoducks, littlenecks, basket
cockles, and Washington clams (ONMS, 2010). Clamming activities can negatively impact
eelgrass habitat through both the digging of holes to extract clams (which creates spots in the a
mudflat where eelgrass shoots can no longer grow) and through the trampling of eelgrass as
people walk across flats to access clams. While clamming has been a popular activity in the bay
for many decades, its extent decreased prior to 2010 after conservation measures by Lawson’s
Landing and CDFW were implemented and chartered boat trips from Lawson’s Landing to the
mudflats ceased in 2000. These actions may have decreased the harvest of bivalve mollusks,
such as clams. There are no data on the status and trend of this activity.

Conclusion

The status rating for this question is fair based on a decrease in unpermitted moorings and the
continued presence of marine debris in Tomales Bay, which does not appear to have changed
since the last condition report, although some debris has been removed. Recreational clamming
activities also continue to occur. The trend was undetermined due to the need for more
information on marine debris and fishing, although it appears that levels of recreational
clamming in Tomales Bay are lower compared to historical levels.
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Question 4: What are the levels of human activities that may
adversely influence living resources and how are they changing?

Coastal and Offshore Region

Status Description: Selected activities have caused
rair  [E0000 measurable living resource impacts, but effects are localized
and not widespread or persistent.

Rationale: Vessel activities and trap fisheries affected living resources through ship strikes and
entanglement, potentially affecting the recovery of threatened and endangered species.
Although these activities do not appear to have substantially changed during the study period,
changes in whale distribution increased the risk of ship strikes and entanglements. Pinnipeds
and seabirds were also observed entangled in trash and fishing gear during the study period;
entanglement trends for these species were variable, and there were no apparent effects on
abundance of these species in the sanctuary. Although there were some exceptions, human
activities that disturb seabirds and harbor seals generally remained stable or decreased, and
did not appear to affect wildlife abundance or use of the sanctuary. There were no substantial
oil spills in the sanctuary during the study period, and tar ball deposition was infrequent (and
likely resulted from natural seeps).

Findings From the 2010 Condition Report

A direct comparison of status and trends to the 2010 condition report is not possible because the
sanctuary expanded in 2015, during the time period for this assessment. The expansion added
new coastal and offshore areas and habitats that were not assessed in the 2010 condition report.
In 2010, the status for this question in the coastal and offshore region was fair and the trend was
not changing. The rating was based on impacts from increased urbanization and use of coastal
areas. Vessel traffic impacts (discharges and noise) and wildlife disturbances increased, but
trawling and fishing pressure decreased, and new marine zones were established.

New Information in the 2010—-2022 Condition Report

Human activities used to evaluate this question included distance traveled by large vessels, ships
strikes, commerecial fishing gear and whale entanglement, entanglement of pinnipeds and
seabirds in trash and fishing gear, wildlife disturbance, and oil pollution (Table S.P.4.1).
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Table S.P.4.1. Summaries for the key indicators related to human activities that impact living resources in
the coastal and offshore region of GFNMS that were discussed during the July 11, 2022 virtual status and

trends workshop.

Indicator Source Data Summary Figures and
Tables
Vessel traffic and | BOEM & NOAA, | Status: Up to 1,243 large vessels transited Figure S.P.4.1;
ship strikes 2022; NOAA the sanctuary each year from 2016—2020. Figure S.P.4.2
Fisheries, Ship strikes occurred annually in the region,
2020a, 2022b; | and may be impacting the recovery of
Rockwood et al., | endangered and threatened whale
2017, 2020b; populations.
Vanderlaan &
Taggart, 2007; | Trend: The number of large vessels varied
Santora et al., and the distance traveled by and speed of
2020; Elliottet | Jarge vessels decreased during the study
al., 2022b period. The number of confirmed ship strikes
increased in the region.
Benthic traps and | Scholz et al., Status: Dungeness crab gear is common in Figure S.P.4.3;
entanglement 2004; NOAA GFNMS and the surrounding region; Figure S.P.4.4;
Fisheries, entanglement of whales occurred annually Table S.P.4.2
2020a; and may be impacting recovery of
Rockwood et al., | endangered and threatened whales.
2020Db; Elliott et
al., 2022b; Trend: Commercial Dungeness crab fishing
Santora et al., effort was stable in the first half of the study
2020; Ingman et | period and declined in the latter half of the
al., 2021, study period. The amount of spatial and
CDFW, 2020a; |temporal overlap between the commercial
Gulland et al., Dungeness crab fishery and foraging
2022 humpback whales increased.
Trash and Lindquist & Status: Entanglements occurred primarily Figure S.P.4.5;
entanglement Roletto, 2022a; | among California and Steller sea lions (most | Table S.P.4.3;
Warzybok, 2022; | often entangled in fishing gear) and western | Figure S.P.4.6
Shaffer et al., gulls (most often entangled in trash); these
2017 entanglements did not appear to impact
pinniped or seabird abundance in the
sanctuary.
Trend: Wildlife entanglements appeared to
decrease during the study period.
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Indicator Source Data Summary Figures and
Tables

Wildlife GFNMS, 2022c; | Status: Disturbance to birds occurred Figure S.P.4.7;

disturbance Lindquist & primarily from low-flying aircraft, but did not Figure S.P.4.8
Roletto, 2022a, | appear to impact population sizes or bird use
2022b; Codde, of the sanctuary. Disturbance to harbor seals
2020 from humans, motorboats, and other sources

occurred, but did not appear to impact
population sizes or harbor seal use of the
sanctuary.

Trend: Reports of disturbances to birds
appeared to be stable or declining. Harbor
seal disturbance reports were generally
stable but increased recently at one location.
Overall levels of wildlife disturbance in recent
years were lower compared to the previous
decade.

Vessel traffic: Oil [ USCG, 2022 Status: Eight incidents that may have Figure S.P.4.1;

pollution resulted in oil pollution were reported. Figure S.P.2.2

Trend: No trend data were available.

Data gaps There is a lack of data pertaining to human activities that affect biodiversity or
wildlife densities. More analyses of available data are needed for vessels transiting
the sanctuary, including data categorized by vessel type, vessel speeds, and rates
of vessel discharges. Long-term trend data and analysis of vessel speeds and
types near the entrance to San Francisco Bay are particularly needed due to the
eastward/nearshore shift of whales and their prey species. Quantification of
visitation at rocky reefs and the impacts of trampling, tide pooling, and extraction
are needed. There are limited data on the prevalence of human activities that elicit
disturbance behaviors (e.g., tide pooling, extraction, low-flying motorized aircratft,
jet skis, boating activities), making it difficult to assess the extent of and trends in
these activities. There are limited data on the amount of oil pollution released when
vessels are grounded or sink. More data are also needed on noise impacts to living
resources in GFNMS.

Vessel Traffic and Ship Strikes

Vessel traffic impacts living marine resources through ship strikes to whales. The risk of fatal
ship strikes to whales is influenced by the number, size, and speed of vessels, as well as the
extent to which vessel traffic overlaps with preferred whale habitat. Annually, from 2016—2020,
834—2,003 vessels transited through GFNMS. The number of large vessels (>300 gross tons
[305 metric tons]) transiting the sanctuary and within the TSS (see Figure SS.1) varied each year
from 2016—2020, and was highest in 2016 (n = 1,243) and lowest in 2020 (n = 942; BOEM &
NOAA, 2022). In 2019 and 2020, the majority of large vessels were cargo carriers (1,988), tank
vessels (852), and tug tow vessels (108; BOEM & NOAA, 2022). The distance large vessels
traveled through the sanctuary decreased slightly from 2016—2020 (BOEM & NOAA, 2022;
Figure S.P.4.1).
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Figure S.P.4.1. Total distance traveled through GFNMS by vessels greater than 300 gross tons (305
metric tons), 2016—2020. Source: BOEM & NOAA, 2022

Vessel speed is used as a proxy for increased risk of lethal ship strikes on baleen whales. As
vessel size and speed increases, lethality of a vessel striking a whale increases (Moore et al.,
2018; Vanderlaan & Taggart, 2007; Rockwood et al., 2017). Overall, the mean speed for large
vessels >300 gross tons (305 metric tons) declined between 2009—2016 (BOEM & NOAA,
2022).

Confirmed ship strikes represent a small percentage of the actual number of animals struck;
about 2% for blue whales and 10% for humpback whales (Carretta et al., 2021). Deaths due
vessel collisions are verified through necropsies of stranded whales and are listed in the Marine
Mammal Health and Stranding Response Program’s National Stranding Database (NOAA
Fisheries, 2022b). Although necropsies are an imperfect metric for assessing ship strikes, and it
is unknown how necropsy effort may have varied over time, this approach provides an estimate
of confirmed ship strike mortality. Even though vessel speeds have declined, there was an
increase in the number of whales confirmed by necropsy to have been killed by vessel collisions
in and adjacent to GFNMS between 2010—2019 (Figure S.P.4.2; NOAA Fisheries, 2022b). This
trend may have been influenced by compression of forage habitat (Santora et al., 2020) and
increased co-occurrence of ships and foraging areas for humpback whales (Rockwood et al.,
2020b) during and following the 2014—2016 MHW. Questions 8 and 13 in this report provide
more information on how habitat compression influences water quality and the redistribution of
whales and the distribution of their forage species. Ship strikes may be impacting the recovery of
endangered and threatened whales (Rockwood et al. 2017; NOAA Fisheries, 2020a).
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Figure S.P.4.2. Number of whales confirmed to have been killed by vessel collisions from 2002—-2019 in
or adjacent to GFNMS. Data from 2020 and 2021 were not included due to a reduction in necropsies
performed during the pandemic. Source: NOAA Fisheries, 2022b

Benthic Traps and Entanglement

Entanglement in fishing gear is a significant threat to marine wildlife. Approximately 29,200—
83,500 commercial Dungeness crab traps are set on the seafloor each year in GFNMS (CDFW,
2020a). An average density of 0.12 traps per square mile (0.3 traps km2), ranging from 0.04—
0.15 traps per square mile (0.1-0.4 traps km2), were observed during ACCESS cruises (May—
September, which includes active and inactive fishing periods; Elliott et al., 2022b).
Entanglement of whales in Dungeness crab gear occurred annually in the region and may have
impacted the recovery of endangered and threatened whales. Baleen whales are particularly
vulnerable to entanglement because their habitat overlaps areas of intensive fishing and they use
the water column when diving, increasing their likelihood of encountering lines; humpback
whales continue to be the most common species entangled (NOAA Fisheries, 2020a; Figure
S.P.4.3). Reports of entangled whales were opportunistic throughout the study period; there was
a notable decrease in the number of reports in 2020 and 2021 during the COVID-19 pandemic
(however, this may have resulted from a decrease in observation effort during the pandemic).
Dungeness crab gear was the most common fishing gear involved in whale entanglements. The
area of the Dungeness crab commercial fishery in GFNMS was consistent from 2010—-2020;
effort was stable in the first half of the study period but declined in recent years (CDFW, 2020a).
However, in the past several years, the main foraging area for humpback whales shifted from the
shelf break (328—-656 ft [100—200 m]) to shallower waters and closer to the mainland (i.e.,
habitat compression). This redistribution of whales meant there was increased co-occurrence of
whales with the commercial Dungeness crab fishery across the shelf (Elliott et al., 2022b;
Santora et al., 2020), increasing the risk of entanglements for humpback whales (Santora et al.,
2020; Ingman et al., 2021; Gulland et al., 2022). There was a peak in fishing-gear-related whale
entanglement during the 2014—2016 MHW, when habitat compression occurred.
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Figure S.P.4.3. Number of confirmed entanglements by species within and adjacent to GFNMS, 2010-
2021. There was a notable decrease in the number of reports in 2020 and 2021, which may be
attributable to a decrease in effort during the COVID-19 pandemic. Source: NOAA Fisheries, 2020a

In addition to a shift in spatial distribution of whales, there was a shift in the timing of arrival of
whales to forage in GFNMS. In comparison to 1993, humpback whales arrived 120 days earlier
in 2017, thus increasing the number of days whales were present in the sanctuary during
commercial Dungeness crab fishing, which generally takes place November 15—June 30
(Ingman et al., 2021). In some seasons (e.g., 2015—2016 season), the opening of the fishery was
delayed as a result of the presence of domoic acid. The delay meant that the highest levels of
fishing activity occurred later in the spring of 2016 when more whales were present, and thus
there were high levels of entanglement (Table S.P.4.2; Figure S.P.4.4). During the 2015—2016
season, observations of dead whales reported to have been entangled in fishing gear occurred
throughout the Central California region but were concentrated in the Gulf of the Farallones
region.

Efforts to reduce the risk of entanglement were underway during the study period through the
Large Whale Entanglement Response Network, coordinated by NOAA (NOAA Fisheries,
2020a). In addition, the Risk Assessment and Mitigation Program California Dungeness Crab
Fishing Gear Working Group worked to reduce the overlap in timing of Dungeness crab fishing
and whale presence, as well as modify fishing gear to reduce the risk of entanglement (CDFW,
2022a). In recent years, the opening of the commercial Dungeness crab fishery was delayed
twice and closed early three times due to the increased risk of entanglement (Table S.P.4.2).
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Figure S.P.4.4. Areas of commercial Dungeness crab catch and observations of entangled whales
(2010-2021). Image: NOAA; Source: Scholz et al., 2004; NOAA Fisheries, 2020a; Esri, 2020
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Table S.P.4.2. Bolded dates denote years when the Dungeness crab fishery opening was delayed or
there was an early closure due to the presence of humpback whales and increased risk of entanglement
in the region that includes GFNMS. Source: Pacific States Marine Fisheries Commission [PSMFC],
2022a; CDFW, 2022a

Season Date Commercial Reason for Dela Date Commercial Reason for
Fishery Opened y Fishery Closed Early Closure
2010-2011 | 15-Nov 30-Jun
2011-2012 | 15-Nov 30-Jun
2012-2013 | 15-Nov 30-Jun
2013-2014 | 15-Nov 30-Jun
2014-2015 | 15-Nov 30-Jun
20152016 | 30-Mar Domoic acid 30-Jun
2016-2017 | 15-Nov 30-Jun
2017-2018 | 15-Nov 30-Jun
2018-2019 | 15-Nov 15-Apr E;ia”g'eme”t
Regional
i entanglement risk ) Entanglement
2019-2020 | 15-Dec and regional 15-May risk
domoic acid
2021-2022 | 18-Jan Entanglement risk | 8-April E;llianglement

Trash and Entanglement

Entanglement is also a risk to other sanctuary wildlife, such as pinnipeds and seabirds, which
can become entangled in fishing gear, debris, and trash (Figure S.P.4.5). Data from Southeast
Farallon Island, an important breeding ground for seabirds and marine mammals, showed that
a total of 1,020 entangled birds and mammals were observed between 2013 and 2021. A peak in
entanglement occurred in 2014, and the fewest entanglements were observed in 2018, but
entanglements increased again from 2019—2021, indicating a variable trend (Warzybok, 2022).
The vast majority of entangled species were California sea lions (n = 867), Steller sea lions (n =
75), and western gulls (n = 31). Mainland shoreline surveys of dead birds and mammals from
2010—2019 indicated a wide variety of entanglement types (e.g., fishing line, hooks,
monofilament nets, packing straps, plastic bags, toys, trash). Data from biweekly Beach Watch
surveys (see Box 2; Figure S.P.3.6) indicated entanglement rates of 0.006 birds per mile (0.004
km) surveyed and 0.0003 mammals per mile (0.0002 km™) surveyed. On mainland beaches,
entangled species included common murres, cormorants, western gulls, loons, grebes, and sea
lions (Lindquist & Roletto, 2022a).
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Figure S.P.4.5. Number of pinnipeds and birds observed to be entangled on Southeast Farallon Island
from 2013-2021. Source: Warzybok, 2022

Wildlife are entangled in a wide variety of fisheries-related and non-fisheries-related materials
(Table S.P.4.3). At Southeast Farallon Island, pinnipeds were primarily entangled in materials
associated with sport and commercial fishing (Warzybok, 2022). Gulls were primarily entangled
in trash, likely from municipal dumps and recycling facilities that are within a one-day flight
range. There are 36 municipal waste and recycling facilities in the vicinity of the typical flight
distance of gulls to and from Southeast Farallon Island (Figure S.P.4.6). Tracking studies found
that during the breeding season, western gulls forage closer to Southeast Farallon Island than
other times of the year, staying within 33 miles (53 km), and that 30% of western gulls’ foraging
trips were to landfills. Outside of the breeding season, they may forage further. Favored landfills
were the Recology facility in South San Francisco, Waste Management in Oakland, and City of
Santa Cruz Resource Recovery Center (Warzybok, 2022; Shaffer et al., 2017; Figure S.P.4.6).
Entanglements did not appear to impact the abundance of seabirds or pinnipeds in the
sanctuary.
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Table S.P.4.3. Types of materials that entangled birds and pinnipeds on Southeast Farallon Island,
2010-2021. “Unknown” indicates that the observer could not see or determine the type of material. “Other
fishing-related materials” included lures, hooks, lines, and/or rope. “All other materials and trash” included
rubber straps, fabrics, six-pack holders, balloons, plastic toys, trash, or wires. The sources of materials
were not documented. Source: Warzybok, 2022

Material Count
Unknown 465
Monofilament 359
Other fishing-related materials 59
Plastic strap 57
Rope 41

All other materials and trash 68
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Figure S.P.4.6. Map of municipal dumps and recycling facilities within a one-day flight range (30 miles [48

km], indicated by shaded circle) of western gulls during their breeding period. Flight range is extended in
the non-breeding season. Image: NOAA; Source: Esri, 2020
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Wildlife Disturbance

The co-occurrence of human activities and wildlife can cause disturbance, which can disrupt
feeding, resting, breeding, and nesting behavior; cause stress; and expose wildlife to predators
(Lindquist, 2022). Disturbance events for seabirds and harbor seals, both abundant in the
sanctuary, were selected as indicators for this question. The seabird breeding colony at the
South Farallon Islands, the largest of which are Southeast Farallon Island and Maintop Island, is
the densest population of breeding seabirds in the continental U.S., and at least 20% of
California’s harbor seals breed in the Gulf of the Farallones region (Carretta et al., 2022; Codde,
2020). Disturbance data for the coast and open ocean were collected by two projects in the
sanctuary: 1) the Seabird Protection Network, which catalogs reports of wildlife disturbances
from researchers on the Farallon Islands, Beach Watch surveyors (see Box 2), and ad hoc
reports from the public; and 2) the harbor seal monitoring program led by staff from Point
Reyes National Seashore (Codde, 2020). Of the 78 reports of wildlife disturbance that GFNMS
received from 2012—2021, 53 were associated with low-flying aircraft. Most of the wildlife
disturbance events reported to GFNMS were medium or large incidents, impacting 10—1,000
individuals. Bird disturbance reports appeared to be stable or declining (GFNMS, 2022c). Data
from Beach Watch surveys indicated that human activities and the presence of dogs, which may
affect the presence of shorebirds, has been stable or decreasing until recent years (2018-2019;
Lindquist & Roletto, 2022a, 2022b; Figure S.P.4.7). On average, harbor seals were disturbed
from their haul-outs 0.21 times per hour (Codde, 2020). The majority of disturbances were
associated with humans on the beach, unknown sources, and motorboats (Figure S.P.4.8).
Disturbance rates appeared to be consistently lower compared to the previous decade. From
2010—2019, disturbances at outer coast beaches appeared to be stable, with an uptick in recent
years at Double Point (Codde, 2020). Although disturbance to wildlife occurred on a regular
basis, the level of disturbance did not appear to affect wildlife abundance or use of the sanctuary
(Codde, 2020; Lindquist & Roletto, 2022b).
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Figure S.P.4.7. Encounter rates for dogs, human activities, and all shorebird species along sanctuary
beaches, 2010-2019. Source: Lindquist & Roletto, 2022a, 2022b
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Figure S.P.4.8. Counts of activities known to disturb harbor seals by activity type and year. Source:
Codde, 2020

Vessel Traffic and Oil Pollution

Vessel traffic is also a concern for wildlife because of the risk of oil spills (Jagerbrand et al.,
2019), which can cause fouling of feathers and fur, hyperthermia, and internal organ damage.
Distance ships traveled through the sanctuary is an indicator of risk for oil pollution from
vessels; as noted above, this declined slightly during the study period (Figure S.P.4.1). Question
2 in this report reviews oil release events. There were no substantial oil pollution events in
GFNMS during the study period, and only infrequent deposition of tarballs, many which were
likely the result of natural seeps (S.P.2.2). The last large oil spill that impacted the sanctuary
occurred in 2007 (MV Cosco Busan; ONMS, 2010). From 2010—2020, eight incidents that may
have resulted in oil pollution were reported to the U.S. Coast Guard, but the amount of
discharged oil was not documented (USCG, 2022).

Conclusion

Some human activities, such as vessel strikes to whales and whale entanglement in commercial
fishing gear, impacted living resources in GFNMS during the study period, resulting in a status
rating of fair. Shifts in the distribution of baleen whales since the 2014—2016 MHW increased
the risk of entanglement and ship strikes. Pinnipeds and seabirds were entangled in fishing gear
and trash and disturbed on beaches and rocky shores, although these incidents did not appear to
affect the abundance of these species or their use of the sanctuary. Some evidence of oil
pollution was observed during the study period, but no substantial oil spills were documented,
and tarballs observed were likely attributable to natural seeps. Given that some indicators, such
as documented ship strikes and entanglements, worsened while others, such as oil pollution and
disturbance to birds and mammals, improved, the trend for this question was mixed. There is a
lack of data on the prevalence of human activities that elicit disturbance behaviors (e.g., tide
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pooling, extraction, low-flying motorized aircraft, jet skiing, boating), making it difficult to
assess the extent of and trends in these activities. Data on vessel speeds within the TSS and
entrance to San Francisco Bay are available, but need to be analyzed. There are limited data on
the amount of oil released when vessels are grounded or sink. More data are also needed on
noise impacts to living resources in GFNMS.

Estuarine and Lagoon Region

Status Description: Some potentially harmful activities
GoodiFair (000 exist, but they have not been shown to degrade living
resource quality.

Rationale: Disturbances to wildlife were documented, but these did not appear to hinder use
of the sanctuary by wildlife. Human activities in GFNMS estuarine habitats were stable from
2010—2019, but increased in 2020—2021. Oil pollution from vessels and vehicles was observed
but not quantified in Bolinas Lagoon and Tomales Bay.

Findings From the 2010 Condition Report

In 2010, the status for this question in the estuarine and lagoon region was fair/poor and the
trend was worsening. The basis for judgment was increased urbanization and wildlife
disturbances linked to visitation.

New Information in the 2010—2022 Condition Report

Indicators used to rate this question included wildlife disturbance, along with oil pollution and
entanglement (Table S.P.4.4). Data on these activities and their impacts to wildlife were
available for two of the sanctuary’s estuaries, Bolinas Lagoon and Tomales Bay (Figure SS.8).

Table S.P.4.4. Summaries for key indicators related to human activities that impact living resources in the
estuarine and lagoon region of GFNMS that were discussed during the May 17, 2022 virtual status and
trends workshop.

Indicator Source Data Summary Figures and
Tables

Wildlife GFNMS, Status: Six disturbances affecting seabirds Table S.P.4.5;

disturbance 2022c; were reported in Tomales Bay and Bolinas Figure S.P.4.9;

Lindquist & Lagoon from 2012—-2021; most disturbances | Figure S.P.4.10
Roletto, 2022a, | affected 10-1,000 birds. Disturbances to
2022b; Codde, | harbor seals were more frequent in Tomales
2020 Bay and Bolinas Lagoon; the most common
disturbances were from motorboats and
humans on foot.

Trend: Human activities along the shorelines
of Tomales Bay and Bolinas Lagoon were
stable from 2010-2019 and increased slightly
in 2020—-2021. Disturbances to harbor seals
were variable at both sites during the study
period.
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Indicator Source Data Summary Figures and
Tables

Oil pollution and | USCG, 2022; | Status: Oil pollution from vessels and vehicles | N/A
entanglement Lindquist & in Bolinas Lagoon and Tomales Bay was
Roletto, 2022a | observed but not quantified. Marine debris
was present in sanctuary estuaries, but no
entanglements were reported.

Trend: No trend data were available.

Data gaps There are no data on human activities or impacts to wildlife in Estero Americano or
Estero de San Antonio. There are limited data on the levels of human activities (e.g.,
clamming, extraction, vessel activities, low-flying motorized aircraft use, jet skiing)
that are associated with or known to elicit wildlife disturbance. There are limited data
pertaining to human activities that can be correlated with changes in biodiversity or
densities of wildlife, rates of vessel discharges, and particularly trampling from
clamming, extraction, or other activities that may negatively impact living resources in
the intertidal habitat. There are limited data on the amount of oil pollution released
when vessels are grounded or sink.

Wildlife Disturbance

Various human activities, including walking dogs on the beach, can disturb wildlife, particularly
shorebirds (U.S. Fish and Wildlife Service, 2007). Disturbance can disrupt feeding, resting,
breeding, and nesting behavior; cause stress; and expose wildlife to predators. Data from the
Seabird Protection Network indicated there were six disturbance events that affected birds in
Tomales Bay and Bolinas Lagoon from 2012 to 2021 (Table S.P.4.5; GFNMS, 2022¢). Most
disturbances were medium to large (i.e., 10—100 or 100—1,000 animals disturbed). Data from
bi-monthly Beach Watch (Box 2) surveys showed that the rates of human activities along the
shorelines of Tomales Bay and Bolinas Lagoon were stable from 2010—2019, then increased
slightly in 2020 and 2021 (during the COVID-19 pandemic), with a concurrent slight increase in
shorebird abundance (Lindquist & Roletto, 2022b).

Table S.P.4.5. The number of disturbances to seabirds in Tomales Bay and Bolinas Lagoon, as reported
by the public, from 2012—2021. Source: GFNMS, 2022¢

Size of Incident giusTubrebregf Animals

Very large (>1,000 animals disturbed) 0

Large (100-1,000 animals disturbed) 2

Medium (10-100 animals disturbed) 2

Small (1-10 animals disturbed) 0

Size not reported 2
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Disturbances of harbor seals in Tomales Bay and Bolinas Lagoon are documented as part of a
monitoring project led by Point Reyes National Seashore (Codde, 2020; Figure S.P.4.9; Figure
S.P.4.10). Most disturbances affected harbor seals hauled out at Clam and Seal islands in
Tomales Bay and were associated with motorboats coming too close to the haul-outs. Humans
on foot, usually digging for clams, ranked second. In Bolinas Lagoon, harbor seal disturbances
were mostly associated with humans on foot. Non-motorized boats and vehicles on the nearby
road (Highway 1) ranked second. Even though disturbances to harbor seals were common in
Tomales Bay and Bolinas Lagoon, the harbor seal population and pupping rates appeared to be
stable or slightly increasing (Codde, 2020).
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Figure S.P.4.9. Counts of disturbance events (standardized by effort) affecting harbor seals by activity
from 2000—2019 at Clam and Seal islands in Tomales Bay. Source: Codde, 2020
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Figure S.P.4.10. Counts of disturbance events (standardized by effort) affecting harbor seals by activity
from 2000—2019 in Bolinas Lagoon. Source: Codde, 2020

Oil Pollution and Entanglement

Oil pollution from boating, vessel groundings, sinkings, and vehicles has been observed but not
quantified (USCG, 2022). There were no reports of oiled wildlife in Tomales Bay or Bolinas
Lagoon from 2010—-2022 (Lindquist & Roletto, 2022a). Marine debris was present in sanctuary
estuaries during the study period, but there were no reported wildlife entanglements (Lindquist
& Roletto, 2022a).

Conclusion

Some potentially harmful activities exist in the estuarine and lagoon region of the sanctuary, but
they have not been shown to degrade living resource quality. Therefore, the response for this
question is rated good/fair, based on data on activities that disturbed birds, such as aircraft and
humans on beaches, and disturbances of harbor seals primarily by motorized and non-
motorized boats, vehicles, humans on foot, and clamming activity. There was no discernible
trend for these indicators. Oiling and entanglement of wildlife in the sanctuary’s estuaries were
not observed (Lindquist & Roletto, 2022a). There is a lack of data pertaining to human activities
that are not associated with wildlife disturbance, making it difficult to determine the percent of
activities associated with disturbances.
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Question 5: What are the levels of human activities that may
adversely affect maritime heritage resources and how are they
changing?

Maritime heritage resources are the wide variety of tangible and intangible elements
(archaeological, cultural, historical properties) that reflect our human connections to Great
Lakes and ocean areas. Human activities that pose threats to maritime heritage resources
worldwide include looting, inadvertent damage by divers, development, vessel anchoring, vessel
groundings, fishing activities, and more. The responses to this question focuses on indicators of
human activities that may threaten the condition of the known, tangible maritime heritage
resources in the sanctuary (see Question 16 for the conditions of maritime heritage resources).

Given the sanctuary’s expansion in 2015, its boundaries now include more shipwrecks and
doghole port sites that may be impacted by human uses, based on data available on and studies
of such resources within the sanctuary, including analysis of the California Historical Resources
Information System (California Office of Historic Preservation, 2022; contains a wide range of
documents and materials relating to historical resources) summary records and other sources.
The area added to the sanctuary in 2015 is also now covered by sanctuary regulations, including
prohibitions on possessing, moving, removing, or injuring, or attempting to possess, move,
remove or injure, a sanctuary historical resource.

Coastal and Offshore Region

Status Description: Some potentially damaging activities
GoodrFair [ [0 exist, but they have not been shown to degrade maritime
heritage resource condition.

Rationale: The levels of human activities that may adversely affect maritime heritage resources
are not thought to have caused widespread impacts during the study period; for some
indicators, no adverse impacts are known. Potentially damaging human activities in the coastal
and offshore region of the sanctuary have occurred, including scuba diving and commercial
fishing, but these are not thought to have caused widespread impacts during the study period.
Anecdotal information from divers indicated a decrease in looting at maritime heritage sites
since sanctuary designation, and no looting was documented during the study period.
Additionally, there was no new nearshore or offshore development in the coastal and offshore
region of GFNMS. A few adverse impacts were observed; for example, commercial fishing gear
was documented on two shipwrecks, the SS Selja and the TV Puerto Rican. Climate impacts are
likely occurring and are of concern, but difficult to measure without comprehensive site
baseline data or regular monitoring. The lack of systematic monitoring of all GFNMS maritime
heritage sites limited this assessment.

Findings From the 2010 Condition Report

A direct comparison of status and trends to the 2010 condition report is not possible because the
sanctuary expanded in 2015, during the time period for this assessment. The expansion added
new coastal and offshore areas and habitats that were not assessed in the 2010 condition report.
In 2010, the status rating for this question in the coastal and offshore region was good/fair and

131
Greater Farallones | Condition Report



Status and Trends of Drivers and Pressures

the trend was undetermined due to a lack of monitoring. Activities considered included
trawling, anchoring or dragging of anchors, ship groundings, diving, removal of artifacts from
archeological sites, and laying submerged cables, but none appeared to have had an adverse
impact on maritime archaeological resource integrity. Note, however, that the wording of this
question has changed slightly since the 2010 report (see Appendix A).

New Information in the 2010—-2022 Condition Report

Indicators used to rate this question included commercial fishing, research allowed by sanctuary

permits that involved contact with the submerged lands, vessel anchoring and moorings,
discharges, scuba diving, development, and climate change (Table S.P.5.1).

Table S.P.5.1. Summaries for key indicators related to human activities that may adversely affect

maritime heritage resources in the coastal and offshore region of GFNMS that were discussed during the

July 6, 2022 virtual workshop.

Indicator Source Data Summary Figures
Commercial | National Centers for | Status: From 2011-2020, trawl vessel speed data S.P.5.1;
fishing Coastal Ocean (proxy) indicated one trawl may have occurred near |S.P.5.2
Science, 2020 one shipwreck; however, impacts are unknown.
Video documented fishing debris on two shipwrecks.
Trend: No trend data were available.
Research ONMS, 2022a Status: From 2014-2021, of 22 projects of this type [S.P.5.3
involving with sanctuary permits, 11 involved activities within
contact with 100 feet (30 m) of known maritime heritage
submerged resources; however, no impacts are known.
lands
Trend: No trend data were available.
Vessel N/A Status: No data were available for anchoring; N/A
anchoring however, no known anchoring impacts occurred. No
and vessel moorings were present in the coastal and
moorings offshore region of the sanctuary.
Trend: No trend data were available.
Discharges | USCG, 2022; Status: From 2010-2021, smaller discharges of fuel | N/A
GFNMS, 2022d or oil occurred; there were two incidents of lost
shipping containers; zero full barge-loads of dredged
material lost; and eight vessels sunk or grounded,
but none of these events had known impacts on
maritime heritage resources.
Trend: No trend data were available.
Scuba diving | R. Status: From 2010-2022, diving occurred at at least | N/A
Schwemmer/NOAA, | three wrecks; no looting was documented during the
personal study period.
communication,
January 19, 2022; Trend: No trend data were available.
Lindquist & Roletto,
2022a
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Indicator Source Data Summary Figures

Development | ONMS, 2022a Status: Between 2014-2021, there were no permits | N/A
for new infrastructure; two certifications were issued
for ongoing activities related to an existing
submarine cable and water intake/outflow
infrastructure; these activities have not resulted in
known impacts to maritime heritage resources.

Trend: No trend data were available.

Climate Roth, 2021 Status: The impacts of climate change on maritime N/A
change heritage resources in GFNMS are of concern, but
are not well understood or monitored.

Trend: No trend data were available.

Data gaps There is no systematic monitoring of known maritime heritage resources and sites or
the impacts of human activities on them in the GFNMS coastal and offshore region;
thus, there is a lack of information for all selected indicators. For commercial fishing,
actual activity of vessels is unknown, and there have been few video surveys of wreck
sites. No information is available on fishing effects at doghole ports or other sites. For
research that involves contact with submerged lands, there are gaps in data sets, as
well as lack of knowledge of actual activities and any associated impacts. No anchoring
data are available. There are gaps in some data sets for discharges. There is no
comprehensive, systematic monitoring data for scuba diving. Similarly, there is no
comprehensive, systematic monitoring data on the effects of climate change on
maritime heritage resources.

Commercial Fishing

Commercial fishing can cause mechanical damage to and entanglement on maritime heritage
resources from bottom trawling, traps, nets, lines, and hooks. NOAA VMS data (from 2011—
2020; National Centers for Coastal Ocean Science, 2020) were used to identify locations at
which fishing vessels were underway at speeds likely used for trawling (as a proxy for trawl track
locations). A limited amount of remotely operated vehicle (ROV) video footage of known wrecks
was also reviewed. The vessel speed data indicated only one potential bottom trawl track came
within 0.5 miles (0.8 km) of a known wreck but did not pass over the wreck location.
Examination of video footage documented fishing debris on two shipwrecks. A 2014 ROV video
survey of the SS Selja, a steel hull vessel that sank after a collision with the SS Beaver, showed
commercial crab pots and buoy lines on the wreck (Figure S.P.5.1; Figure S.P.5.2). A brief 2021
ROV video survey of the stern of the TV Puerto Rican, a steel vessel that sank in 1984 after an
explosion on board, showed the stern was covered in commercial fishing nets. No information
on the effects of fishing on other shipwrecks or doghole port sites was available.
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Figure S.P.5.1. Site of the SS Selja shipwreck, surveyed in 2014, with commercial fishing gear and buoy
lines visible. Photo: NOAA

Figure S.P.5.2. Site of the SS Selja shipwreck, surveyed in 2014, with commercial crab pots visible.
Photo: NOAA
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There are gaps in the data available on the levels of commercial fishing activities at maritime
heritage resource sites and on debris from commerecial fishing (a proxy) on maritime heritage
resources, as surveys have not been completed for all known resources in GFNMS. Also,
subsequent site monitoring surveys have not yet been conducted on the SS Selja and the TV
Puerto Rican, precluding the assessment of possible changes over time.

NOAA Fisheries continues to manage Groundfish Essential Fish Habitat with stakeholder input
(GFNMS, 2022f). Decisions to protect sanctuary habitats from bottom trawling also protect
maritime heritage resources within Essential Fish Habitat.

Research Involving Contact with Submerged Lands

Research activities in GFNMS that would alter submerged lands require an ONMS permit.
Examining projects allowed under ONMS permits between 2014—2021, 22 of those projects
allowed contact with submerged lands, and thus potentially with submerged maritime heritage
resources. The permits often required the permitted researchers to avoid or mitigate damage to
maritime heritage resources. The projects, conducted to learn more about fisheries stocks, sea
conditions, benthic character, and more, involved bottom trawling; installation, maintenance
and removal of buoy moorings and scientific equipment; geological and biological sample
collection; ROV bottom contact or placement on submerged lands; alternative (experimental)
fishing gear testing; and abandonment of non-recoverable items.

Figure S.P.5.3. Research using ROVs may involve contact with the bottom and potentially with
submerged maritime heritage resources. Photo: NOAA
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Comparing the permitted project areas and the general locations of known maritime heritage
resources, 11 projects could have included activities on or within 100 feet (30 m) of known
shipwrecks and doghole port sites; however, activities were not mapped for several years during
the rating period in which relevant permits were effective (2010—2013 and 2022). There is the
possibility that adverse impacts on resources occurred from some of the projects; however, there
is no documentation or permittee reports of impacts actually taking place. To date, permit
processing has not required pre-permit field surveys by applicants for the presence of maritime
heritage resources in the permitted areas or post-research activity surveys by permittees in
GFNMS.

Vessel Anchoring and Moorings

In the 2010 condition report, anchor damage was considered to be a threat to maritime heritage
resources, though it was not assessed. From 2010—2022, there were no vessel moorings in the
coastal and offshore region of GFNMS, and no adverse impacts from anchoring on maritime
heritage resources are known to have occurred. Anchoring does take place in Drakes Bay;
however, most of the Drakes Bay nearshore area where vessels anchor is outside of the
sanctuary’s boundaries. No data on anchoring by location and frequency was available.

Discharges

Discharges and deposits of items (other than from fishing) were not discussed in the 2010
report. This activity includes large-scale spills of crude oil or refined oil products, which could
coat or otherwise degrade submerged maritime heritage resources; diesel and gasoline spills
were not included for purposes of this report, as those spilled products tend to evaporate
quickly. Discharges also include accidental loss of barge loads of dredge spoil materials, which
could bury or damage submerged maritime heritage resources. Similarly, vessel sinkings and
groundings can result in discharges, as well as physical adverse effects to maritime heritage
resources. Though there are some data gaps, there were no documented adverse impacts from
smaller discharges of fuel or other material on maritime heritage resources from 2010—-2022.
Smaller-scale, periodic discharges of fuel or oil occurred; two shipping containers were lost; and
eight vessels sank or were grounded in the region, but none were in the vicinity of known
maritime heritage resources (USCG, 2022; GFNMS, 2022d).

Scuba Diving

Scuba diving by recreational divers could result in incidental damage to maritime heritage
resources through contact with a shipwreck or artifacts (e.g., from tanks, fin kicks, touching or
moving items); however, no comprehensive data set for this indicator was available, which was a
concern for some workshop experts, and no data on damage of this type has been found. Limited
Beach Watch data (Lindquist & Roletto, 2022a) from 2014—2021 recorded five instances of
nearshore scuba diving at different beaches observed from shore, but it was not possible to
determine from that data whether this activity resulted in any impacts on maritime heritage
resources. Diving at some sites is thought to have decreased since a kelp forest decline that
began around 2014 (D. Jaffke/Far Western Anthropological Research Group, Inc., personal
communication, March 1, 2023). The decline in the kelp forest may have decreased divers’
interest in sites that formerly had healthy stands of kelp (and thus more to see). No looting of
sites is known to have been documented in the study period. Anecdotal evidence indicates non-
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permitted collection of some artifacts and ship debris within the sanctuary may have occurred,
with beachcombing (though not a selected indicator) also potentially of concern, particularly for
artifacts and ship fragments deposited on beaches after big storm surges and king tides (D.
Jaffke/Far Western Anthropological Research Group, Inc., personal communication, March 1,
2023). Extensive site looting of shipwreck artifacts occurred before 2010, especially before
sanctuary designation in 1981 (R. Schwemmer/NOAA, personal communication, January 19,
2022). Since 2010, it is believed little or no looting has occurred based on 2016—2017
monitoring of the shipwreck SS Pomona and anecdotal information from the sport diving
community. Recreational scuba diving occurs at SS Pomona, SS Norlina, and SS Crescent City,
and anecdotal information suggests infrequent diving also occurs at other sites with historical
resources. SS Pomona is monitored by California State Parks and SS Norlina was documented
by the Sonoma Coast Historical and Undersea Nautical Research Society. Experts who were
consulted were not aware of any documented looting by divers at doghole port sites during the
study period.

Development

No new nearshore or offshore development has taken place in the coastal and offshore region of
GFNMS since 2010. Existing approvals for two ongoing activities were certified by ONMS
following the sanctuary expansion. This allowed continuation of activities related to an existing
submarine cable and a research facility’s water intake/outflow infrastructure. No effects on any
maritime heritage resources are known to have resulted. GFNMS’s regulatory prohibitions,
including disturbance of submerged lands, which typically occurs from development, were
extended to the expanded area of the sanctuary in June 2015.

Climate Change

Although there was no existing monitoring of climate change impacts to maritime heritage
resources in GFNMS, human-caused climate-related changes to the ocean, such as ocean
acidification, changing water temperatures, and sea level rise, are recognized to have the
potential to adversely affect maritime heritage resources in the sanctuary. Impacts on
submerged maritime heritage resources could result from ocean acidification, which can
increase rates of deterioration; changing water temperatures, which alter conditions for
protective and/or destructive organisms; changing or rising water levels, which may enhance
mechanical degradation; and changing weather patterns, which may physically alter sites and
their protective overburden (Roth, 2021). Climate-related changes have been documented in the
sanctuary, but data specific to impacts on maritime heritage resources have not been gathered
nor assessed, which was a concern for some workshop experts.

Conclusion

The rating of good/fair was based on the limited human activities in the selected indicators that
are likely to affect maritime heritage resources and the limited known adverse impacts on those
resources. Human activities that could adversely affect maritime heritage resources include
commercial fishing, research involving contact with the submerged lands, vessel anchoring,
discharges, scuba diving, development, and climate change. With sanctuary expansion, more
maritime heritage resources are now within sanctuary boundaries and protected by sanctuary
regulations. Commercial bottom trawl fishing, anchoring, and removal of artifacts, which were
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concerns previously, were not documented to have affected maritime heritage resources during
this study period, though fishing gear was observed on two shipwrecks and anecdotal evidence
indicates some non-permitted artifact and ship debris collection occurred. No other adverse
effects from human activities were documented, though beachcombing, which was not a selected
indicator, was raised by an expert as a potential concern. The trend was improving due to the
decrease in artifact looting, few observed impacts from fishing, and a lack of new nearshore or
offshore development. There has been no systematic monitoring in this region of known
maritime heritage resources and sites or of the impacts of human activities upon them, leading
to data gaps for all of the indicators, with particular note made by experts of limited scuba
diving data and a lack of information on the effects of climate change on sanctuary maritime
heritage resources.

Estuarine and Lagoon Region

Status Description: Few or no activities occur at maritime

([]] cooa [a]]]] heritage resource sites that are likely to adversely affect their
condition.

Rationale: There is one known historic maritime heritage resource in the estuaries of GFNMS,
the shipwreck Oxford. The remains of the wreck are submerged and buried under sediment,
which provides a measure of protection from human activities. During the study period, only
one research activity allowing contact with the submerged lands at the shipwreck site was
permitted, to confirm the wreck’s presence. This research activity likely had negligible adverse
impacts on the wreck. The site has not been revisited for further research. Oxford is not located
where vessels are known to anchor. Commercial herring fishing was low during the study
period compared to historic levels and has not resulted in known adverse impacts on the wreck.
There are data gaps for all indicators, particularly related to climate change, and there is a need
to determine if there are other maritime heritage resources in the GFNMS estuarine and lagoon
region.

Findings From the 2010 Condition Report

In 2010, the status rating for this question in the estuarine and lagoon region was good/fair and
the trend was undetermined due to a lack of monitoring. Seven loss records for ships were
mentioned, but none had been investigated. At that time, the report noted commercial bottom
fishing (primarily for herring), aquaculture, new piers, anchoring, and mooring as activities that
could affect the quality of maritime heritage resources. Some potentially relevant human
activities existed (e.g., restoration of oysters and seagrass beds, establishment of long-term
mooring areas, and removal of derelict vessels), but these did not appear to have had a negative
effect on maritime archaeological resource integrity.

New Information in the 2010—-2022 Condition Report

Indicators used to rate this question included commercial fishing, research involving contact
with submerged lands, vessel anchoring and moorings, discharges, scuba diving, nearshore
development, and climate change (Table S.P.5.2).
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Table S.P.5.2. Summaries for key indicators related to human activities that may adversely affect
maritime heritage resources in the estuarine and lagoon region of GFNMS that were discussed during the
July 6, 2022 virtual workshop.

Indicator

Source

Data Summary

Commercial fishing

CDFW, 2019a,
2022b; National
Centers for
Coastal Ocean
Science, 2020

Status: Herring fishing was low in Tomales Bay compared to
historic levels, and the herring fishery was closed for the
2009-2010 season. Take of herring for both sac roe and
fresh fish markets using gill nets was allowed; however, no
herring were landed between 2010 and 2017 in the Tomales
Bay area.

Trend: Herring fishing remained low in Tomales Bay.

Research involving
contact with
submerged lands

ONMS, 2022a; J.
Delgado/NOAA,
personal
communication,
February 6, 2015;

Status: Between 2014-2021, only one research project
allowed activities on or within 100 feet (30 m) of one wreck;
negligible adverse impacts may have occurred during
probing.

Trend: No trend data were available.

Vessel anchoring [ GFNMS, 2018 Status: Vessel anchoring is likely not impacting wreck and no
and moorings moorings are near it.
Trend: No trend data were available.
Discharges, scuba | USCG, 2022; Status: Between 2010-2021, there were no large-volume oil
diving, GFNMS, 2022d; spills; smaller-scale, periodic discharges of fuel or oil
development, and | Lindquist & occurred but were not believed to affect the wreck. No
climate change Roletto, 2022a; containers or dredged material were lost, and four vessels
ONMS, 20223; sunk or grounded (but these were not near Oxford). Little or
Roth, 2021 no diving is thought to occur in the region. No nearshore

development was permitted near Oxford. Climate change
impacts on Oxford are of concern, but not well understood or
monitored.

Trend: No trend data were available.

Data gaps

There is no systematic monitoring in this region of the known maritime heritage
resource or the impacts of human activities upon it; thus, there is a lack of
information for all of the indicators. For commercial fishing, there is a lack of
relevant data on possible impacts from other fisheries. For research that involves
contact with submerged lands, there is no video or other surveys of Oxford aside
from one hydraulic probe survey; there are gaps in data on permitted research.
No anchoring data were available. There are gaps in some data sets on
discharges. There is no comprehensive, systematic monitoring of scuba diving
activity. There are no comprehensive, systematic monitoring data for effects of
climate change on the maritime heritage resource.

No new estuaries or lagoons were added to GFNMS as part of the 2015 expansion. A survey
conducted in 2014 under an ONMS permit indicated the presence of remains of one shipwreck,
Oxford, a wooden sailing ship stranded in 1852 in Tomales Bay, in what is now the sanctuary.
Though there are loss records of other shipwrecks in the estuarine and lagoon region, no other
known maritime heritage resources have been ascertained.
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Commercial Fishing

From 2010—June 2022, no commercial herring fishing catch reports were posted by CDFW
(CDFW, 2022b) and there was no commercial bottom trawling for fish in Tomales Bay or the
other estuaries and lagoon in this region (National Centers for Coastal Ocean Science, 2020).
Herring fishing declined in Tomales Bay from higher historic levels and the fishery was closed
for the 2009—2010 season. Take of herring for both sac roe and fresh fish markets using set gill
nets, which contact the bottom, was allowed, up to a quota of 350 tons (318 metric tons) in
Tomales Bay (CDFW, 2022b); however, no herring were landed between 2010 and 2017 in the
Tomales Bay area according to the 2019 California Pacific Herring Fishery Management Plan,
which summarized landing data from 1972—2017 (CDFW, 2019a). No data were obtained by
staff on other fisheries in the GFNMS estuarine and lagoon region. The remains of Oxford were
determined to be submerged under four feet (1.2 m) of water at high tide and underneath a mud
and sand shoal (J. Delgado/NOAA, personal communication, February 6, 2015). No impacts
from commercial fishing to the wreck remains are known, and because of its location, it is
unlikely that such activities have had an adverse impact.

Research Involving Contact with Submerged Lands

Research activities in GFNMS that would alter submerged lands require an ONMS permit,
which often requires permitted researchers to avoid or mitigate damage to maritime heritage
resources. From 2014—2021, only one such research project was permitted in the GFNMS
estuarine lagoon research, allowing research that could disturb the estuary bottom within 100
feet (30 m) of Oxford in 2014 (ONMS, 2022a). The permitted project, led by NOAA
archaeologists, aimed to determine the presence of Oxford; the method used was a systematic
hydraulic probe survey of the site. The probe holes, on average, went 12 feet (3.6 meters) below
the mudline for approximately 105 feet (32 meters). The probing indicated contact was made
not with solid wood, but rather a “crunchy” mass, consistent with other site formation processes
of other buried wooden vessels observed by the project lead (Delgado et al., 2020). Negligible
adverse physical impacts on the wreck may have occurred as a result of the approximately 20 or
fewer probe holes, which were 3/4 inch (1.9 cm) in diameter (J. Delgado/NOAA, personal
communication, February 6, 2015). Expert opinion provided at the workshop was that the
probing probably introduced some oxygen, which could increase the rate of the wreck’s physical
degradation, into the Oxford site on a short-term basis until the sediment filled in again. The
wreck site has not been revisited by researchers since 2014, so the extent of any adverse impacts
on the wreck from the research or other activities is undetermined.

Vessel Anchoring and Moorings

No effects on Oxford from anchoring or mooring are thought to have occurred during the study
period because it is submerged under a shoal and is not in a location where vessels are known to
anchor (GFNMS, 2022f). Following the creation of a mooring plan in 2013 (Gulf of the
Farallones National Marine Sanctuary & California State Lands Commission, 2013), mooring
areas where vessels could moor if they met specified criteria were designated in Tomales Bay.
No mooring areas were in the vicinity of the wreck and the environmental assessment found no
adverse effects to archaeological, paleontological, or cultural resources. There were no
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designated mooring areas in other parts of the GFNMS estuarine and lagoon region (GFNMS,
2018). No anchoring data sets were available for this region.

Discharges, Scuba Diving, Development, and Climate Change

There were no large-volume oil spills from vessels in the GFNMS estuarine and lagoon region.
Smaller-scale discharges of fuel or oil occurred periodically, but no effects on Oxford were
deemed to have occurred (USCG, 2022; GFNMS, 2022d). There were no losses of containers or
dredged material in this region. Four vessels sank or grounded (some were salvaged or partially
salvaged), but none of these were near Oxford. Scuba diving was not documented at the Oxford
site (Lindquist and Roletto, 2022a), with site conditions, including turbidity, not thought to be
conducive to diving in that area. A review of sanctuary permit records for the study period
indicated no nearshore development was permitted near Oxford (ONMS, 2022a). Human-
caused climate-related changes to the ocean such as ocean acidification, changing water
temperatures, and sea level rise are recognized to have the potential to have adverse impacts on
maritime heritage resources (Roth, 2021), including Oxford; however, any such impacts remain
unknown as changes to the shipwreck’s condition are not monitored.

Conclusion

Overall, the status of these human activities was determined to be good, as only one human
activity was identified during the study period that might have had negligible adverse impacts
on the one known tangible maritime heritage resource, the shipwreck Oxford. That activity was
the research survey that determined its presence using a hydraulic probe. There was an
improving trend during the study period, as levels of these human activities declined. There was
no herring fishing, bottom trawling, or nearshore development in the region, and no known
scuba diving near Oxford. Noted data gaps and the fact that there was just one survey of the
Oxford site contributed to scores of medium confidence for both the status and the trend. There
is a lack of information for all of the indicators for this question; workshop experts particularly
highlighted the data gap for climate change impacts on the maritime heritage resource and the
need to determine if there are other maritime heritage resources in the region.
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This section provides summaries of resource status and trends in two regions of the sanctuary:
the coastal and offshore region and the estuarine and lagoon region. Resources are grouped into
four categories: water quality, habitat, living resources, and maritime heritage resources. Virtual
expert workshops were convened by GFNMS staff on various dates from May—July, 2022 (see
Appendix A and Appendix C) to discuss the series of questions about each resource category. It
is important to note that, in general, the assessments of the status and trends of key habitat
indicators in GFNMS are for some portion of the period from 2010—2022. Responses to each
question include summaries of key indicators, supporting data, and the rationale for each status
and trend rating. Where published or additional information exists, the reader is provided with
appropriate references. Workshop discussions and ratings were based on data available at the
time (i.e., through 2022). However, in some instances, authors later incorporated newly
available data in order to more accurately describe the current status and trends of resources.
When more recent data (i.e., 2023) became available during editing of this report, this was
noted in the text. Situations where data were used by authors to support a rating but were not
presented or discussed during the workshop are also noted in the text.

In order to effectively assess the considerable differences in sanctuary resources, key indicators

and relevant data sets for each of the 16 questions were assessed for two separate regions of the

sanctuary: the coastal and offshore region and the estuarine and lagoon region (see Figures SS.1
and SS.8). Each of these regions include a variety of habitat types.

The GFNMS coastal and offshore region includes the rocky shore, sandy shore, kelp forest, and
open ocean. The GFNMS estuarine and lagoon region includes Estero Americano, Estero de San
Antonio, Bolinas Lagoon, and Tomales Bay. These areas are characterized by habitats that
include bays, mudflats, and marshes.
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Status and Trends of Water Quality (Questions 6-9)

The following is an assessment of the status and trends of key water quality indicators in
GFNMS for 2010—2022. We have noted where more recent data (e.g., 2023) became available
during editing of this report.

Question 6 focuses on eutrophic conditions and their influence on primary production in
sanctuary waters. Eutrophication is the accelerated production of organic matter, particularly
algae, usually caused by an increase in the amount of nutrients (primarily nitrogen and
phosphorus) from human sources in surface waters. Eutrophication can impact the condition of
sanctuary resources; for example, by promoting nuisance and toxic algal blooms or impacting
dissolved oxygen levels.

Question 7 focuses on parameters affecting public health. Human health concerns can arise
from water or seafood contamination (e.g., from bacteria, chemicals, biotoxins). Indications of
health impacts may include fishery closures and shellfish consumption advisories. Such impacts
can be devastating, both ecologically and economically, in affected coastal communities.

Question 8 focuses on shifts in water quality due to climate drivers. Climate indicators include
indices of large-scale climate patterns, upwelling intensity, water and air temperature,
dissolved oxygen, and acidity. Shifts in water temperature can affect species growth rates,
phenology, distribution, and susceptibility to disease. Acidification can affect organism
survival, growth, and reproduction. Upwelling influences oxygen content and nutrient cycling.

Question 9 assesses biotic and abiotic stressors not addressed in other questions that,
individually or in combination, may influence sanctuary water quality. Examples include
nonpoint source contaminants and hard-to-quantify stressors that influence the condition of
habitats and living resources. Such inputs may include industrial discharges and emissions.

Because of the considerable differences in environmental pressures and responses between the
coastal and offshore region and the estuarine and lagoon region, each question was assessed
twice in order to represent these two environment types separately.
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Question 6: What is the eutrophic condition of sanctuary waters and
how is it changing?

Coastal and Offshore Region

Status Description: Eutrophication has not been

(1]]] oo [2]]]] documented, or does not appear to have the potential to

negatively affect ecological integrity.

Rationale: Eutrophication was not detected in the coastal and offshore region of GFNMS
based on nutrient concentration, phytoplankton community composition, chlorophyll a
concentration, and net primary productivity. There was no evidence to suggest that there have
been major influxes of nutrients into these areas of the sanctuary. A lack of year-round data for
most indicators limited the assessment of trends during the study period.

Findings From the 2010 Condition Report

A direct comparison of status and trends to the 2010 condition report is not possible because the
sanctuary expanded in 2015, during the time period for this assessment. The expansion added
new coastal and offshore areas and habitats that were not assessed in the 2010 condition report.
In 2010, the status for this question in the coastal and offshore region was good and the trend
was not changing. There was no known eutrophication in the coastal and offshore region of
GFNMS; therefore, conditions did not appear to have the potential to negatively affect living
resources or habitat quality. In addition, the phytoplankton assemblage in the sanctuary was
typical of surrounding coastal areas. However, the 2010 report was limited by a lack of long-
term, in situ data for phytoplankton and nutrients.

New Information in the 2010—-2022 Condition Report

Indicators used to evaluate this question included nutrients (nitrate and nitrite, phosphate, and
silicate), phytoplankton (diatoms/dinoflagellates) relative abundance index (RAI), chlorophyll
a, net primary productivity (NPP), and dissolved oxygen (Table S.WQ.6.1).
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Table S.WQ.6.1. Summaries for the key indicators related to eutrophication in the coastal and offshore
region of GENMS that were discussed during the May 16, 2022 virtual status and trends workshop.

Indicator Source Data Summary Figures
Nutrients Elliott et al., | Status: Nutrient (nitrate/nitrite, phosphate, silicate) S.WQ.6.1
2022a concentrations were low from 2014 to present.
Trend: Nutrient concentrations decreased, with mostly
negative anomalies from 2014-2020.
Phytoplankton | Elliott et al., | Status: Low RAI for diatoms and dinoflagellates in 2019 [ S.\WQ.6.2
RAI 2022a and 2021. Psuedo-nitzschia spp. were present during
the study period, but remained below the HAB threshold
of 10,000 cells/L.
Trend: There was an apparent increase in RAI from
2010-2017 followed by a decrease through 2021. The
ratio of diatoms to dinoflagellates decreased.
Chlorophylla | NOAA Status: Primarily positive anomalies were detected from | S.\WQ.6.3
concentration | Fisheries, 2011-2019, excluding 2012 and 2016.
2022c;
O’Brien & Trend: There was no significant change from 2010-
Oakes, 2020 | 2019.
Net primary NOAA Status: Positive anomalies occurred from 2011 to 2019, | N/A
productivity Fisheries, excluding 2017.
2022c;
O’Brien & Trend: No significant trend was detected.
Oakes, 2020
Data gaps No in situ chlorophyll a data were available. Although HAB data exist (i.e., California-
Harmful Algae Risk Mapping model, California HAB Bulletin), there was an analysis
gap for these data sets at the time of report development.
Nutrients

The ACCESS project (see Box 1) collects surface water samples for nutrients and physical and

biological parameters in the sanctuary (Elliott et al., 2022a; Figure S.P.3.2). Nutrients, including

nitrate (NOj), nitrite (NO,"), phosphate (PO,3), and silicate (SiO,4), were measured at the
surface, and mean concentrations were calculated for monitoring stations in GFNMS. Nitrate,
nitrite, phosphate, and silicate concentrations have been low from mid-2014 (coinciding with a
MHW) to 2021. Concentrations of all nutrients decreased during the study period (Figure
S.WQ.6.1). Additionally, ACCESS monitoring revealed low nutrient concentrations (negative
monthly anomalies) associated with warm water events in 2005—2006 and MHWs in 2014—
2016 and 2019. In contrast, high concentrations (positive monthly anomalies) were associated
with cold water regimes in 2007-2008 and early 2009 (Elliott et al., 2022a).
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Figure S.WQ.6.1. Mean nutrient (nitrate and nitrite, phosphate, and silicate) concentration in surface
water at ACCESS monitoring stations in GFNMS from 2010—2021. Source: Elliott et al., 2022a

Phytoplankton

Phytoplankton was sampled by ACCESS at the same locations as nutrients and analyzed by the
California Department of Public Health (CDPH) to evaluate HAB species and phytoplankton
community composition. The composition of the phytoplankton community provides insight
into ecosystem productivity, where fewer diatoms than dinoflagellates could indicate low-
productivity ocean waters. CDPH uses the RAI to monitor temporal changes in diatoms and
dinoflagellates in surface water. The RAI in GFNMS varied from 2010—2021, peaking in 2017
(Figure S.WQ.6.2). The elevated RAI in 2017 was due to an abundance of the HAB diatom
Pseudo-nitzschia spp. at one sampling site; Pseudo-nitzschia spp. produce domoic acid, a
neurotoxin that causes amnesic shellfish poisoning.
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Figure S.WQ.6.2. Mean RAI for phytoplankton (diatoms and dinoflagellates) in surface water at ACCESS
monitoring stations inside GFNMS from 2010 to 2021. RAI is defined as (a*b)/c, where a is percent
composition, b is settled volume, and c is tow length. Source: Elliott et al., 2022a

The California Harmful Algal Bloom Monitoring and Alert Program started monitoring Pseudo-
nitzschia spp. in 2019, with three sampling stations in the coastal and offshore region of GFNMS
(Bodega Marine Lab intake, Bodega Marine Lab buoy, and Horseshoe Cove). Despite the high
occurrence of Pseudo-nitzschia spp. in 2017, available data from 2020 to 2022 showed that
abundances at these stations were below the HAB threshold of 10,000 cells/L (Largier, 2022).

Chlorophyll a Concentration

Data on chlorophyll a concentration in surface water were acquired from the Spatiotemporal
Data and Time Series Toolkit, which relies primarily on satellite data (NOAA Fisheries, 2022c;
O’Brien & Oakes, 2020). Data acquired from the toolkit encompassed offshore areas of GFNMS
and CBNMS. Annual chlorophyll a anomalies were mainly positive from 2010—-2019, with a
stable trend (Figure S.WQ.6.3).
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Figure S.WQ.6.3. Annual chlorophyll a anomalies for the coastal and offshore region of GFNMS. The
shaded area in yellow represents the period used for the trend analysis; for this time period, the mean
was within the one standard deviation of the long-term mean (e) and the trend was neutral («). Red and
blue shaded areas show years for which the indicator value was below or above one standard deviation
from the mean, respectively. Image: M. Karnauskas & A. Mabrouk/NOAA,; Source: NOAA Fisheries,
2022c; O’Brien & Oakes, 2020

Net Primary Productivity

Net primary productivity (NPP), which indicates how much carbon is generated from marine
phytoplankton, was also measured (NOAA Fisheries, 2022¢; O’Brien & Oakes, 2020). Positive
NPP anomalies occurred from 2011 to 2019, excluding 2017. There was no significant trend in
NPP. Additionally, upwelling (not eutrophication) was thought to be the main reason for low

bottom dissolved oxygen and hypoxia observed inside the sanctuary (see Question 8 for more
detail).

Conclusion

From 2010—2021, eutrophic conditions did not occur in the coastal and offshore region of
GFNMS, supporting a good status rating. Because year-round data were not available for
nutrients and phytoplankton, the trend for this question was undetermined. Based on available
data, levels of phytoplankton and chlorophyll a were within normal levels and had no apparent
trend during the study period, and nutrients decreased. RAI was variable during the study
period, with a peak in 2017. Additional relevant data gaps for this question include the extent,
duration, and frequency of HABs, as well as in situ NPP and chlorophyll a concentration data.
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Estuarine and Lagoon Region

Status Description: Eutrophication is suspected and may
GoodrFair [FH00[ degrade some attributes of ecological integrity, but has not
yet caused measurable degradation.

Rationale: Data documenting eutrophication were limited. While spikes in chlorophyll a and
dinoflagellate/diatom relative abundance index and low dissolved oxygen occurred in some
years, this was generally sporadic and did not suggest widespread eutrophication throughout
the study period, and no signs of negative effects on ecological integrity were detected.
However, Tomales Bay, Estero Americano, and Estero de San Antonio have been listed as
impaired water bodies due to high levels of nutrients.

Findings From the 2010 Condition Report

In 2010, the status for this question in the estuarine and lagoon region was good/fair and the
trend was undetermined. There were high levels of nutrients in GFNMS estuaries, but there had
been no known mortality events among fish or invertebrates due to eutrophication. There were
anecdotal reports of macroalgal blooms in sanctuary estuaries, but no regular surveys to fully
assess this.

New Information in the 2010—2022 Condition Report

Indicators used to evaluate this question included chlorophyll a in Tomales Bay, phytoplankton
RAI in Tomales Bay and Bolinas Lagoon, and nutrients and dissolved oxygen in the Tomales Bay
watershed (Walker Creek and Lagunitas Creek; Table S.WQ.6.2).

Table S.WQ.6.2. Summaries for the key indicators related to eutrophication in the estuarine and lagoon
region of GEFNMS that were discussed during the May 16, 2022 virtual status and trends workshop.

Indicator Source Data Summary Figures
Chlorophyll a | Bodega Ocean | Status: There was an annual pattern of elevated S.WQ.6.4
concentration | Observing chlorophyll a in spring/summer, with peaks exceeding
Node [BOON], |the threshold for increased risk of eutrophication (25
2022a pg/L) in July of 2013, 2014, and 2018 and May of 2017.
In 2019, two peaks were detected in April and
November.

Trend: Chlorophyll a concentration increased slightly
during the study period.

Phytoplankton | Zubkousky- Status: RAI was high in Tomales Bay compared to S.WQ.6.5
White, 2022 Bolinas Lagoon, especially in 2016 and 2017.

Trend: There was no trend in RAI for either Tomales
Bay or Bolinas Lagoon.
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Indicator

Source

Data Summary

Figures

Nutrients

CSWRCB,
2019b, 2019c

Status: In 2017, nutrient levels were high in Walker
Creek and its tributaries, but low in Lagunitas Creek.
Tomales Bay, Estero Americano, and Estero de San
Antonio were listed as impaired water bodies due to
high nutrient levels under the Clean Water Act and by
CSWRCB.

Trend: No trend data were available.

S.WQ.6.6

Dissolved
oxygen

CSWRCB,
2019c

Status: Minimum dissolved oxygen conditions for cold-
water fish were not met upstream of Tomales Bay in
Walker Creek and Lagunitas Creek on one occasion for
which data were available.

Trend: No trend data were available.

N/A

Data gaps

Data on nitrogen, phosphorus, and silicate concentrations; chlorophyll a levels; and
dissolved oxygen levels are needed for all GFNMS estuaries.

Chlorophyll a Concentration

Data on chlorophyll a concentration were obtained from an oceanographic buoy located south of

Hog Island in Tomales Bay and jointly operated by the University of California Davis Bodega

Marine Laboratory, Point Reyes National Seashore, and ONMS (Bodega Ocean Observing Node

[BOON], 2022a). Data from the buoy were available for 2013—2021, although some 2016 data

were missing. Chlorophyll a concentrations showed an annual pattern of elevated chlorophyll a

in spring/summer, with peaks in July of 2013, 2014, and 2018 and May of 2017 that exceeded

the threshold of 25 ug/L, above which the risk of eutrophication is considered high (Sutula et al.,

2017). In 2019, this threshold was exceeded twice, in April and November. Trend analysis
indicated a slight increase in chlorophyll a concentration over time (Figure S.WQ.6.4).
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Figure S.WQ.6.4. Chlorophyll a concentration from the Tomales Bay buoy, 2013—-2021. The black line
represents a protective threshold (13 ug/L), below which the probability of eutrophication is reduced. The
red line is an at-risk threshold (25 ug/L), above which the probability of eutrophication is high (Sutula et
al., 2017). Source: BOON, 2022a; Image: A. Mabrouk/NOAA

Phytoplankton

RAI of diatoms and dinoflagellates was measured by CDPH in Tomales Bay and Bolinas Lagoon.
RAI in Tomales Bay was high, especially in 2016 and 2017, but no algal bloom was recorded
(Figure S.WQ.6.5). In Bolinas Lagoon, RAI was low compared to Tomales Bay (Figure
S.WQ.6.6).
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Figure S.WQ.6.5. Tomales Bay phytoplankton RAI from 2010 to 2021. Few samples (9 to 18 per year)
were collected from 2010-2013; from 2013-2021, samples ranged from 53 to 90 per year. No significant
trend was detected during the study period. Source: Zubkousky-White, 2022; Image: A. Mabrouk/NOAA
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Figure S.WQ.6.6. Bolinas Lagoon phytoplankton RAI from 2010 to 2021. A high number of samples (273
to 665 samples per year) were collected compared to Tomales Bay. RAI values were low compared to
Tomales Bay (note the difference in the y-axis scale on graphs), with higher RAI in spring (peaking in July
2012). No trend was detected over the study period. Source: Zubkousky-White, 2022; Image: A.
Mabrouk/NOAA

Nutrients

Tomales Bay, Estero Americano, and Estero de San Antonio had high nutrient levels, originating
from dairy farms and runoff, and, as a result, these estuaries were listed as impaired waters
under the Clean Water Act (ONMS, 2010). These estuaries were also listed by the California
State Water Resources Control Board (CSWRCB) as impaired due to high nutrient levels in its
last three integrated reports (CSWRCB, 2019d, 2021b, 2022b). Although nutrients are one of the
main indicators of eutrophication in the sanctuary’s estuaries, long-term data sets were not
available and this is considered to be a data gap. Data on nutrients (total phosphorus and total
nitrogen) were available only for Tomales Bay’s watershed (Walker Creek and Lagunitas Creek)
through CSWRCB report cards released in 2019. The report cards assessed nutrients and other
eutrophication indicators in both creeks from water samples collected in 2017, and high nutrient
levels were found in Walker Creek and its tributaries, exceeding the threshold for
eutrophication; however, nutrient levels were low in Lagunitas Creek (CSWRCB, 2019b, 2019c¢).

Dissolved Oxygen

Eutrophication can lead to low dissolved oxygen or hypoxia. Data on dissolved oxygen for the
estuaries and lagoons of GFNMS were limited. However, dissolved oxygen at Walker Creek and
Lagunitas Creek did not meet requirements for cold-water fish (coho salmon and steelhead
trout) and exceeded the eutrophication threshold as of 2019 (CSWRCB, 2019b, 2019c¢).
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Conclusion

The status of eutrophic conditions in the estuarine and lagoon region of GFNMS from 2010—
2022 was good/fair. Although Tomales Bay (and Walker Creek, its tributary), Estero Americano,
and Estero de San Antonio were listed as impaired water bodies due to high nutrient levels,
indicators of eutrophication were sporadic, and did not appear to negatively affect ecological
integrity during the study period. The trend was undetermined because of a lack of time series
data for nutrients and dissolved oxygen. Although there were more and newer data sets in this
assessment compared to the 2010 assessment, these were limited to Tomales Bay and Bolinas
Lagoon. Specific data gaps include a lack of long-term in situ data for phytoplankton abundance,
macroalgae cover, chlorophyll a concentration, and nutrient concentration in all GFNMS
estuaries.
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Question 7: Do sanctuary waters pose risks to human health and how
are they changing?

Coastal and Offshore Region

Status Description: Water quality problems have caused
rair (3000 measurable human impacts, but effects are localized and not
widespread or persistent.

Rationale: The presence of biotoxins posed a threat to human health and resulted in fishery
closures during the study period. In addition, swimming advisories were issued for some
beaches adjacent to the sanctuary due to elevated levels of pathogenic bacteria; however, no
beaches were listed as impaired water under the standards of the Clean Water Act. Mercury
and PCBs were below regulatory thresholds during the study period except in 2010 and 2015,
respectively. Although there were some improvements in beach water quality, worsening levels
of biotoxins and fishery closures were of concern.

Findings From the 2010 Condition Report

A direct comparison of status and trends to the 2010 condition report is not possible because the
sanctuary expanded in 2015, during the time period for this assessment. The expansion added
new coastal and offshore areas and habitats that were not assessed in the 2010 condition report.
In 2010, the status for this question in the coastal and offshore region was good/fair and the
trend was not changing. This rating was based on inputs from urban areas into coastal and
offshore waters of GFNMS that had the potential to affect human health, as well as a lack of
reported disease. It also considered the concentration of domoic acid in shellfish, impaired
water at beaches and beach closures, and organic pollutants in sediment. It is important to note
that HABs and biotoxins in shellfish occur naturally in the sanctuary and result in periodic
shellfish closures.

New Information in the 2010—2022 Condition Report

Indicators used to evaluate this question included biotoxin levels in bivalves and crabs,
shellfisheries closures, impaired water bodies, beach closures for swimming, and heavy metals
and organic pollutant contaminants in crabs (Table SWQ.7.1).
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Table S.WQ.7.1. Summaries for the key indicators related to human health risks from waters in the
coastal and offshore region of GFNMS that were discussed during the May 16, 2022 virtual status and

trends workshop.

Indicator

Source

Data Summary

Figures

Biotoxins and
fishery
closures

Zubkousky-
White, 2022;
Moore et al.,
2019; Free et
al., 2022

Status: Saxitoxin in bivalves exceeded regulatory
thresholds set by CDPH in multiple years; the highest
levels were detected in 2018. Domoic acid exceeded
regulatory thresholds seasonally in Dungeness crab;
the highest levels during the study period occurred in
2015-2016, resulting in a fishery closure. Fishery
closures due to elevated domoic acid also occurred in
2016-2017 and 2018.

Trend: Saxitoxin in bivalves appeared to increase
during the study period. There were insufficient data to
assess a trend in the number of Dungeness crab
fishery closure days due to domoic acid during the
study period.

S.WQ.7.1;
S.WQ.7.2

Impaired water
and beach
advisories

CSWRCB,
2022c; EPA,
2022

Status: From 2014-2022, no beaches along the
GFNMS coast were listed as impaired water bodies.
Bolinas Beach, which was considered impaired as of
2010, was delisted. Beach advisory days due to
elevated pathogenic bacteria were relatively high in
Marin County and low in Sonoma County.

Trend: Impaired water body listings improved due to
the delisting of Bolinas Beach. There was no apparent
trend in beach advisory days in Marin County; beach
advisory days in Sonoma County decreased following
a spike in 2010 and remained low through 2019.

S.WQ.7.3

Contaminants
in shellfish

San Francisco
Public Utilities
Commission
[SFPUC],
2014, 2021

Status: Mercury in Dungeness crab tissues (collected
outside of but adjacent to GFNMS) was below the
California contaminant limit in every year of the study
period except 2010. PCBs in Dungeness crab
hepatopancreas exceeded FDA limits in 1998 and
2015, but were below the limit in muscle tissue
throughout the study period. DDT was higher in
hepatopancreas than in muscle, but did not exceed
FDA and EPA limits.

Trend: No trend was apparent during the study period.

S.WQ.7.5;
S.WQ.7.6

Data gaps

Data on organic pollutant and heavy metal levels in crabs, mussels, and fish in the
sanctuary were not available.
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Biotoxins and Fishery Closures

HABSs continue to be a concern for human health and the regional economy in California. HAB-
producing phytoplankton generate toxins that accumulate in shellfish and can cause illness
when ingested by humans. The most concerning HAB phytoplankton are dinoflagellates of the
genus Alexandrium that produce the neurotoxin saxitoxin, which causes paralytic shellfish
poisoning (PSP), and diatoms of the genus Pseudo-nitzschia that produce the neurotoxin
domoic acid, which causes amnesic shellfish poisoning (Anderson et al., 2019; ONMS, 2010).
HABs occur naturally in GFNMS, and saxitoxin and domoic acid are periodically detected in
shellfish, which sometimes results in trophic transfer of these biotoxins to predators like marine
mammals and seabirds (ONMS, 2010).

CDPH manages a coastal shellfish monitoring program that measures the concentrations of the
biotoxins domoic acid and saxitoxin in shellfish. Saxitoxin concentration in mussels, clams, and
oysters exceeded the regulatory threshold of 80 ug/100 g seasonally from 2010—2022 for all
years except 2010 and 2011, with the highest values in 2018. The trend appeared to be
worsening (Zubkousky-White, 2022; Figure S.WQ.7.1). Domoic acid in the viscera of crabs was
also at concentrations that exceeded the regulatory threshold (30 ppm) seasonally. The highest
levels were recorded in 2015—2016, and this caused the longest closure of the Dungeness crab
fishery since the HAB-related exceptional closure event in 2005—2006 (Moore et al., 2019;
Zubkousky-White, 2022; Figure S.WQ.7.2).

CDFW, which manages the Dungeness crab fishery in California, implements an annual
quarantine for the Dungeness crab commercial and recreational fishery from July to November
due to the presence of domoic acid. The annual quarantine was extended into the open season
due to elevated levels of domoic acid for 142 days in 2015—2016, 18—55 days in 2016—2017
(Iength varied by location), and 23 days in 2018 (Moore et al., 2019; Free et al., 2022).

Because of the coordinated management efforts by CDPH, CDFW, and the California Office of
Environmental Health Hazard Assessment to monitor and implement advisories and closures,
actual human health impacts have been minimized. Only one case of PSP, diagnosed after an
individual consumed mussels from Dillon Beach, was confirmed by the County of Marin
Department of Health and Human Services (V. Zubkousky-White, personal communication,
May 16, 2022).
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Figure S.WQ.7.1. Saxitoxin concentration in bivalves (mussels, clams, and oysters) for Sonoma and
Marin counties from 2010-2022. The red line is the regulatory limit (80 ug/100 g) set by CDPH.
Concentrations of zero indicate that saxitoxin was not detected. Note that four outlier values were
removed: 2,134 ug/100 g, measured on 7/14/14; 3,170 ug/100 g, measured on 3/5/18; 4,760 ug/100 g,
measured on 3/19/18; and 4,672 ug/100 g, measured on 3/15/18. Source: Zubkousky-White, 2022;
Image: A. Mabrouk/NOAA
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Figure S.WQ.7.2. Domoic acid levels in Dungeness and rock crab viscera for Sonoma and Marin
counties from 2010-2021. The red line is the regulatory limit (30 ppm) set by CDPH. Source: Zubkousky-
White, 2022; Image: A. Mabrouk/NOAA
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Impaired Water and Beach Advisories

CSWRCB’s integrated assessment reports for the years 2014—2016, 2018, and 2020—-2022
showed that beaches along the sanctuary coast that were assessed for water quality were not
considered impaired bodies of water in accordance with Section 303(d) of the Clean Water Act
(CSWRCB, 2022c¢). This is an improvement from the 2010 condition report, when Bolinas Beach
was listed as an impaired water body. However, regular water quality monitoring of the coastal
beaches in Sonoma and Marin counties resulted in advisory days due to elevated pathogenic
bacteria that exceeded the health standards for swimming. Among the beaches regularly
monitored in Sonoma County, only Black Point Regional Park Beach had a substantial number
of advisory days (192), all of which occurred in 2010. Since then, there have only been two
advisory days, both at Doran Regional Park Beach in 2016. In Marin County, Bolinas and
Stinson beaches had advisory days ranging from 7—37 and 7—42, respectively, almost each year;
however, there was no clear trend in the number of advisory days during the study period.
Advisory days also occurred, albeit less frequently, at Dillon Beach (EPA, 2022; Figure
S.WQ.7.3).
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Sonoma County Beach Advisory
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Figure S.WQ.7.3. Number of beach advisory days (days in which pathogenic bacteria were elevated) in
Sonoma (top) and Marin (bottom) counties. The vertical red line indicates the year of the last GFNMS
condition report (2010). Source: EPA, 2022; Image: A. Mabrouk/NOAA
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Contaminants in Shellfish

Since 1997, the San Francisco Public Utilities Commission (SFPUC) has monitored organic and
heavy metals pollutants in Dungeness crab as part of the Southwest Ocean Outfall Regional
Monitoring Program. The goal of this program is to detect environmental impacts from the
discharge of treated combined sewer effluent from the offshore Southwest Ocean Outfall and
shoreline facilities. Of the 44 monitoring sites in the region, five are located in GFNMS.
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Figure S.WQ.7.4. Locations of Southwest Ocean Outfall Regional Monitoring Program monitoring
stations. Monitoring stations in the sanctuary (n = 5) are shown in the larger blue oval, and those in close
proximity to the outfall (n = 7) are shown in the smaller gold oval. The remainder of the sites are
considered reference stations. Image: Modified from SFPUC, 2021
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From 1997—2020, organic pollutants and heavy metals were measured from Dungeness crab
muscle and hepatopancreas samples collected at monitoring site 01 and at reference site 06 only
(both located outside the sanctuary; Figure S.WQ.7.4). Mercury concentrations in Dungeness
crab tissues have been below the California contaminant goal for fish (0.22 pg/g) since 2001,
with the exception of 2010 when mercury levels in crab hepatopancreas at the outfall site
exceeded this threshold (Figure S.WQ.7.5). PCB concentrations were relatively high in
Dungeness crab hepatopancreas and exceeded the U.S. Food and Drug Administration (FDA)
limit (200 ppb) in 1998 and 2015, but very low (and consistently below the FDA limit) in muscle
tissue (Figure S.WQ.7.6). Dichlorodiphenyltrichloroethane (DDT) was also higher in
hepatopancreas than in muscle but did not exceed the FDA and EPA limit (5000 ppb).
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Figure S.WQ.7.5. Mercury concentration in Dungeness crab at outfall station 01 and reference station 06
from 1997-2020. The vertical black line indicates the year of the last condition report (2010), while the
horizontal dashed line shows California's fish contaminant goal for mercury (0.22 ug/g). Source: SFPUC,
2014, 2021; Image: A. Mabrouk/NOAA
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Figure S.WQ.7.6. PCB concentration in Dungeness crab at outfall station 01 and reference station 06
from 1997-2020. The vertical black line indicates the year of the last condition report (2010), while the
horizontal dashed black line shows the FDA'’s limit for PCBs in fish (200 ppb). Source: SFPUC, 2014,

2021; Image: A. Mabrouk/NOAA

Conclusion

For the period from 2010—2022, the status of human health risks posed by sanctuary waters in
the coastal and offshore region of GFNMS was rated fair based largely on a documented PSP
illness case in 2018 and shellfish closures in 2015—2016 caused by domoic acid in bivalves and
crabs. Sanctuary beaches were not listed as impaired water bodies; however, a few beaches in
Marin County did have elevated counts of pathogenic bacteria but there were no beach closures.
The mixed trend was based on some improvements, such as the removal of Bolinas Beach from
the list of impaired water bodies and decreased beach advisories in some areas, while other
indicators were worsening, such as biotoxin levels in shellfish. Although there were more
indicators and data assessed in the current report compared to the 2010 condition report, data
gaps remain, including levels of organic and heavy metal pollutants in crabs, mussels, and fish
from the sanctuary; the only data available for this report were for Dungeness crab at locations

outside the sanctuary.
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Estuarine and Lagoon Region

Status Description: Water quality problems have caused
rair  [EJI000 measurable human impacts, but effects are localized and not
widespread or persistent.

Rationale: Saxitoxin exceeded thresholds in some years in Tomales Bay, but domoic acid was
consistently below the detection limit. Shellfishery closures occurred regularly in Tomales Bay,
primarily due to rainfall, but also as a result of norovirus, Vibrio, or saxitoxin. A norovirus
outbreak linked to oysters cultured in Tomales Bay sickened 44 people in 2018—2019. Tomales
Bay, Estero Americano, and Estero de San Antonio were listed as impaired bodies of water, and
beach advisories were issued for Tomales Bay throughout the study period without a clear
trend. Mercury contaminant levels were high for some species in Tomales Bay, and
recommendations to limit consumption were issued. Data were generally unavailable for
human health indicators in Estero Americano, Estero de San Antonio, and Bolinas Lagoon.

Findings From the 2010 Condition Report

In 2010, the status for this question in the estuarine and lagoon region was fair/poor and the
trend was undetermined. This rating was based on the status of Tomales Bay, Estero Americano,
and Estero de San Antonio as impaired water under the Clean Water Act, the number of
shellfishery closures due to rainfall, and norovirus outbreaks in Tomales Bay.

New Information in the 2010—-2022 Condition Report

This question considered biotoxins in bivalves, shellfishery closures, beach advisories,
pathogenic bacteria, impaired water bodies, and mercury contamination in biota (Table
S.WQ.7.2). This assessment was largely focused on Tomales Bay, where data were available for
the selected indicators. Data were not available for many of these indicators in Estero
Americano, Estero de San Antonio, or Bolinas lagoon.

Table S.WQ.7.2. Summaries for the key indicators related to human health risks from waters in the
estuarine and lagoon region of GFNMS that were discussed during the May 16, 2022 virtual status and
trends workshop.

Indicator | Source Data Summary Figures

Biotoxins | Zubkousky-White,| Status: Saxitoxin was high in oysters and mussels S.\WQ.7.7;

and 2022 from Tomales Bay, and exceeded the CDPH S.WQ.7.8
shellfishery regulatory threshold in 2013, 2014, 2017, 2018, and
closures 2019; domoic acid was below the detection limit.

Shellfishery closures occurred frequently, primarily
due to rainfall, but also occasionally due to the
presence of saxitoxin, Vibro, and norovirus.

Trend: No trend in biotoxin concentration or
shellfishery closures was apparent.
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Indicator | Source Data Summary Figures

Impaired CSWRCB, 2022b;| Status: Tomales Bay, Estero Americano, and Estero | SWQ.7.9

water and | EPA, 2022 de San Antonio remain on the list of impaired water
beach bodies. From 2010-2021, fecal coliform levels
advisories exceeded accepted thresholds on 131 occasions in

Tomales Bay. Advisories were issued for Tomales
Bay beaches due to elevated levels of pathogenic
bacteria that did not meet the health standards for
swimming.

Trend: The impaired water status of Tomales Bay,
Estero Americano, and Estero de San Antonio did
not change during the study period. There was no
clear trend in the number of beach advisory days
throughout the study period, but recent years (e.g.,
2018, 2020, 2021) were relatively high compared to
some previous years (e.g., 2015).

Mercury in | California Office | Status: Recommendations to limit consumption of S.WQ.7.10;
biota of Environmental | fish and crab from Tomales Bay were issued dueto | S.WQ.7.11
Health Hazard high levels of mercury. Mercury levels exceeded
Assessment, contaminant thresholds in some fish species from

2018; CSWRCB, | Walker Creek Delta.
2019a, 2021a
Trend: Trends for mercury in biota could not be
determined because samples were limited to two or
three time points.

Data gaps | Long-term data on organic pollutants and heavy metals in crabs, mussels, and fish are
needed for all GFNMS estuarine and lagoon habitats.

Biotoxins and Shellfishery Closures

Consumption of seafood from GFNMS estuaries, particularly Tomales Bay, may result in the
ingestion of or exposure to HAB biotoxins (i.e., saxitoxin and domoic acid), norovirus, or
pathogenic bacteria (i.e., fecal coliforms and Escherichia coli), thus threatening human health
(ONMS, 2010). In Tomales Bay, saxitoxin was measured in cultured oysters and mussels.
Saxitoxin concentration exceeded the CDPH regulatory threshold (80 ug/100 g) in 2013, 2014,
2017, 2018, and 2019, but there was no clear trend (Zubkousky-White, 2022; Figure S.WQ.7.7).
In the few bivalve samples tested from Tomales Bay (97 samples from 2010—2022), domoic acid
was below the detection limit of 2.5 ug/100 g. However, four types of shellfishery closures (due
to rainfall,” PSP, Vibrio, and norovirus) occurred in Tomales Bay based on annual sanitary
survey update reports from CDPH. Closure days were calculated for the four types from the
CDPH patrol logs and summary reports (Rankin, 2022; Figure S.WQ.7.8). Closure days due to
rainfall were the most common closure type and occurred annually with no apparent trend,
while norovirus closures occurred only in December of 2018 and January and April of 2019 due
to an outbreak in a Tomales Bay oyster aquaculture operation. These outbreaks caused illness in

1 Heavy rainfall can lead to increased runoff and pollutants from land in coastal waters, which accumulate
in shellfish. Rainfall closures are preemptive based on forecasts and previous testing data to prevent
human health impacts from contaminated shellfish consumption (Rankin, 2022).
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44 people who ate oysters from Tomales Bay and caused CDPH to temporarily close oyster
harvesting in Tomales Bay (Larsen, 2019); however, the source of these outbreaks was not
found. Additional impacts on human health were minimized by effective monitoring and
closures instituted by CDPH with cooperation from the commercial shellfish aquaculture
companies operating in Tomales Bay.
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Figure S.WQ.7.7. Saxitoxin concentration in mussels and oysters cultured in Tomales Bay from 2010—
2022. The red line is the regulatory limit (80 ug/100 g) set by CDPH. Concentrations of zero represent
non-detection of saxitoxin. Source: Zubkousky-White, 2022; Image: A. Mabrouk/NOAA
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Figure S.WQ.7.8. Tomales Bay shellfishery closures by type (rainfall, PSP, Vibrio, and norovirus). Data
were unavailable for 2013-2014. Source: Rankin, 2022; Image: A. Mabrouk/NOAA

Impaired Water and Beach Advisories

CSWRCB’s integrated assessment reports for the years 2018 and 2020—2022 showed that
Tomales Bay, Estero Americano, and Estero de San Antonio were listed as impaired water
bodies under Section 303(d) of the Clean Water Act; Bolinas Lagoon was not assessed. Tomales
Bay was impaired due to sedimentation/siltation, nutrients, mercury, and pathogens, while
Estero Americano and Estero de San Antonio were impaired due to nutrients and
sedimentation.

Elevated levels of pathogenic bacteria that did not meet the health standards for swimming were
detected during regular water quality monitoring of Tomales Bay, resulting in advisories. From
2010—2021, fecal coliform thresholds were exceeded on 131 occasions. The number of advisory
days was the highest in 2011, decreased and was lowest in 2015, and then increased recently,
particularly at Chicken Ranch Beach (EPA, 2022; Figure S.WQ.7.9).

166
Greater Farallones | Condition Report



Status and Trends of Sanctuary Resources

Beach Name
IlChicken Ranch
=Dillon Beach
HHHeart's Desire
iiiLawson's Landing
NMiller Park
FiMillerton Point
$&Shell Beach

140

-
N
o

-
-
N

(o]
[+5]

70

56

42

28

Number of Days with Beach Advisory

14

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

Figure S.WQ.7.9. Number of advisory days (those in which pathogenic bacteria did not meet health
standards) at Tomales Bay beaches, 2009-2021. Source: EPA, 2022; Image: A. Mabrouk/NOAA

Mercury in Biota

The California Office of Environmental Health Hazard Assessment developed guidelines for
Tomales Bay that recommend restricting fish consumption based on the sex and age of the
consumer. These recommendations were developed primarily due to high concentrations of
mercury in fish and shellfish (Gassel et al., 2004). Recommendations for some species, like rays
and sharks, are to avoid consumption regardless of the consumer’s age and sex (Figure
S.WQ.7.10). Others, including California halibut, red rock crab, jacksmelt, and surfperch, may
be eaten in moderation (California Office of Environmental Health Hazard Assessment, 2018;
Figure S.WQ.7.10).
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Figure S.WQ.7.10. Guidelines for consumption of fish and crustaceans from Tomales Bay. Image:
California Office of Environmental Health Hazard Assessment, 2018

The main source of elevated mercury in Tomales Bay biota is the former Gambonini mercury
mine upstream of Walker Creek. Mercury concentrations in biota were assessed at the Walker
Creek Delta before and after cleanup and remediation of the mine in 1999—2000. The results
showed that oysters had a mercury concentration below the goal set for human consumption by
CSWRCB (0.22 pg/g), although mercury levels were higher in 2019—2020 than in 1998—-2001.
California halibut consistently had mercury concentrations at or below the goal at the three time
points measurements occurred, and concentrations were lowest in 2019—2020. In contrast,
leopard sharks had high mercury concentrations that exceeded the goal and were higher in
2019—2020 than in 1998—-2001 (CSWRCB, 2021a; Figure S.WQ.7.11).
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Figure S.WQ.7.11. Mercury levels in biota (ug/g, wet weight) sampled near the Walker Creek Delta prior
to (1998-2001) and after (2010; 2019—2020) remediation of the Gambonini Mine. Total maximum daily
load (TMDL) target and fish contaminant goal refer to the acceptable levels of contaminants set by the
CSWRCB. Note that the vertical axis scale varies by species. Image: Adapted from CSWRCB, 2021a

Conclusion

Water quality problems caused measurable human impacts during the study period, resulting in
a fair status rating. In one notable but localized incident, 44 people contracted norovirus in late
2018 and early 2019 after eating oysters from Tomales Bay. Additionally, there were
intermittent restrictions on fish and shellfish consumption at Tomales Bay due to PSP,
norovirus, Vibrio, rainfall, and mercury contamination. Tomales Bay, Estero Americano, and
Estero de San Antonio were listed as impaired bodies of water, and beach advisories were issued
annually for Tomales Bay. This assessment focused mainly on Tomales Bay, as data from other
sanctuary estuaries were generally not available; this lack of information resulted in an
undetermined trend rating. Data from the other estuaries, including long-term measurements of
organic pollutants and heavy metals in biota and regular water quality monitoring, are needed
to conduct a comprehensive assessment.
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Question 8: Have recent, accelerated changes in climate-altered water
conditions and how are they changing?

Coastal and Offshore Region

Status Description: Climate-related changes have caused
Fair  [K2000 measurable but not severe degradation in some attributes of
ecological integrity.

Rationale: Increased positive sea surface temperature anomalies were associated with two
marine heatwave events during the study period. The marine heatwave in 2014—2016 resulted
in unprecedented ecological and economic impacts. Habitat compression was high during the
2014—2016 and 2019 marine heatwaves, but there was no change in the habitat compression
index during the study period. Low dissolved oxygen was observed at multiple sampling depths
in multiple years, and hypoxic events were observed, typically in deeper water. Low aragonite
saturation corresponding to corrosive conditions was observed, especially at deeper locations.

Findings From the 2010 Condition Report

This question is new and was not assessed in the 2010 condition report. Instead, climate change
was assessed in a separate report, Climate Change Impacts: Gulf of the Farallones and Cordell
Bank National Marine Sanctuaries (Largier et al., 2010). Key climate impacts to the sanctuary
documented in that report included sea level rise, decreased freshwater runoff, increased
precipitation variability, increased offshore SST, increased winds and associated changes to
oceanographic conditions, increased extreme weather events, and a northward range shift for
key species; additionally, effects that were anticipated, but not yet observed, included increased
coastal erosion, decreased seawater pH, a shift in phytoplankton community composition, and
compounded impacts from local human activities.

New Information in the 2010—-2022 Condition Report

Indicators used to evaluate this question included climate and basin-scale indices, upwelling
indices, SST, MHW measurements, hypoxia, ocean acidification (aragonite saturation), and the
habitat comparison index (Table S.WQ.8.1).

Table S.WQ.8.1. Summaries for the climate indicators in the coastal and offshore region of GFNMS that
were discussed during the June 6, 2022 virtual status and trends workshop.

Indicator Source Data Summary Figures
Basin-scale NOAA, 2022b | Status: Recent means for the PDO and NPGO were | S.WQ.8.1;
indices within one standard deviation of the long-term mean. | S.\WQ.8.2

Trend: Mean PDO was neutral and mean NGPO
decreased during the study period.

Upwelling NOAA, 2022b | Status: Recent means for LUSI and the CUTI were N/A
indices within one standard deviation of the long-term mean.

Trend: Both indices were neutral during the study
period.
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Indicator Source Data Summary Figures

SST and MHWs| Elliott et al., Status: Positive SST anomalies occurred during the | S.WQ.8.3;
2022a; NOAA, | study period and particularly corresponded to MHWs | S.WQ.8.4
2022c in 2014-2016 and 2019.

Trend: There was an apparent increase in positive
SST anomalies during the study period.

Habitat NOAA, 2022b | Status: Mean habitat compression index from 2012— | S.\WQ.8.7
compression 2022 was within one standard deviation of the long-
index term mean.

Trend: The trend was neutral from 2012-2022.

Dissolved Elliott et al., Status: Hypoxic events and low oxygen levels S.WQ.8.5;
oxygen and 2022a approaching the hypoxia threshold were detected. S.WQ.8.6
hypoxia Hypoxic events occurred more frequently in deep

water (>125 m).

Trend: There was no apparent trend during the study

period.
Ocean Elliott et al., Status: Corrosive conditions were documented at S.WQ.8.7
acidification 2022a depths of 25 and 100 m, and were less frequent at a

depth of 10 m.

Trend: There was no apparent trend during the study
period.

Data gaps Data on bottom temperature and salinity were unavailable.

The central California Current Ecosystem naturally experiences exceptional climate variability
due to upwelling and has also experienced climate change impacts such as MHWs (Elliott et al.,
2022a; Harvey et al., 2021). Climate change impacts on coastal and offshore habitats, such as
coastal erosion from increased wave action, increased riverine sediment loads, increased water
temperature, and ocean acidification, have multi-faceted impacts on wildlife due to their
synergistic and cascading effects, and the connectivity and fluidity of the coastal marine
environment. Climatological disturbances to GFNMS ecosystems could potentially result in
habitat loss and degradation and declines in abundance or redistribution of important marine
species. Climate and ocean indicators, such as regional upwelling and water chemistry
indicators, can support characterization of ecosystem productivity and ecological integrity in
GFNMS.

Basin-Scale Indices

GFNMS waters are influenced by both large-scale and local conditions. Two basin-scale indices
that affect productivity in GFNMS were used to understand large-scale variability in the region.
These are the Pacific Decadal Oscillation (PDO) and the North Pacific Gyre Oscillation (NPGO).
Positive PDO values indicate warmer water and lower productivity, while positive NPGO values
are associated with increased equatorward flow and higher surface salinities, nutrients,

chlorophyll a, and productivity (Harvey et al., 2021). Mean PDO and NPGO for the last 10 years
were within one standard deviation of long-term means for these indices. During the same time
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period, PDO was stable while NPGO decreased, resulting in reduced productivity overall
(NOAA, 2022b; Figure S.WQ.8.1; Figure S.WQ.8.2).

MHWs (2014—2016 and 2019)
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Figure S.WQ.8.1. Monthly PDO index. The vertical black line indicates the year of the last condition
report (2010). The mean for the last 10 years (blue shaded area) was within one standard deviation of the
long-term mean since 1950 (indicated by the black dot) and the trend for the last 10 years was neutral
(—). The dashed black line represents the long-term mean and the blue lines are + one standard
deviation. The black rectangles show the marine heatwaves of 2014—2016 and 2019. Source: NOAA,
2022b
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North Pacific Gyre Oscillation

Figure S.WQ.8.2. Monthly NPGO index. The vertical black line indicates the year of the last condition
report (2010). The mean for the last 10 years (blue shaded area) was within one standard deviation of the
long-term mean since 1950 (indicated by the black dot) and the trend for the last 10 years trend was
decreasing (N). The dashed black line represents the long-term mean and the blue lines are + one
standard deviation. Source: NOAA, 2022b

Upwelling Indices

Two indices were used to describe upwelling in GFNMS, the Length of Upwelling Season Index
(LUSI) and the Coastal Upwelling Transport Index (CUTTI). LUSI is defined as the total number
of days between the observed start date and the observed end date of the upwelling season. The
lowest number of upwelling days in the last 10 years was associated with the 2014—2016 marine
heatwave. However, mean LUSI for the last 10 years was within one standard deviation of the
long-term mean, and the trend was neutral. CUTI estimates vertical transport near the coast. A
positive index indicates upwelling, and a negative index indicates weak upwelling or
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downwelling conditions. The mean CUTI for the last 10 years was also within one standard
deviation of the long-term mean, and the trend was neutral (NOAA, 2022b).

Sea Surface Temperature and Marine Heatwaves

In 2014—2016, the central California Current Ecosystem experienced an extensive MHW. This
event caused rapid and abundant positive SST anomalies that began in early 2014 and persisted
through mid-2016 (Figure S.WQ.8.3; Figure S.WQ.8.4). This heatwave overlapped with the
2015—2016 El Nino event (Gentemann et al., 2017; Jacox et al., 2019), resulting in the largest
MHW detected since NOAA satellites started keeping track in 1981 (NOAA Fisheries, 2020b).
Another smaller, shorter-lived MHW developed offshore of GFNMS in 2019. Figure S.WQ.8.3
depicts monthly SST anomalies based on local buoy data in GFNMS and CBNMS (Elliott et al.,
2022a) and shows that positive anomalies increased in number and magnitude since 2014,
associated with prolonged and more frequent MHWs, while Figure S.WQ.8.4 shows MHW
coverage, intensity, and cumulative intensity at GFNMS from satellite data.

MHWs caused severe impacts on marine life in the California Current Ecosystem (Holbrook et
al., 2019). Warmer water associated with the MHW also contributed to an unprecedented HAB
on the GFNMS coast in 2015—2016. This HAB event, caused by the diatom Pseudo-nitzschia,
resulted in increasing domoic acid toxins in shellfish, especially Dungeness crab, leading to the
most prolonged shellfishery closure since 2006 in 2015—2016 and poisoning seabirds and
marine mammals (Trainer et al., 2017, 2020; Anderson et al., 2019). The MHW also caused
other ecological changes in GFNMS. The geographic distributions of many southern coastal
species shifted northward along the California coast (Sanford et al., 2019; Beas-Luna et al.,
2020). Krill and forage fish abundance declined, and as a result, humpback whale feeding
shifted from offshore (where they normally consume krill) to inshore (anchovy). This resulted in
more whale entanglements in crab traps (NOAA Fisheries, 2020b).
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Warm Water Events
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Figure S.WQ.8.3. Monthly SST anomalies from NOAA buoy data in GFNMS and CBNMS (top) and
Southeast Farallon Island (bottom). Black rectangles show the warm water events associated with
positive anomalies. The vertical black lines indicate the year of the last condition report (2010), while the
horizontal black lines represent 99% confidence intervals around the long-term monthly means. Source:
Elliott et al., 2022a
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Marine Heatwaves
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Figure S.WQ.8.4. MHW measurements for the surface water of GFNMS, including (A) daily % cover, (B)
daily intensity, and (C) cumulative intensity (accumulated heat in the sanctuary over the year [solid black
line] compared to the climatology average [red dashed line]). Black rectangles indicate MHW events in
2014-2016 and 2019. The highest MHW cover, intensity, and cumulative intensity occurred in 2014 and
2015. Image: A. Leising/N