 Point Blue
- Conservation
B aeience

Environmental Data Catalog
for the
Morro Bay Wind Energy Area




Environmental Data Catalog
for the
Morro Bay Wind Energy Area

April 2022

Prepared by

Sealay Environmental

Carliane Johnson )_é} Cori Currier

Point Blue Conservation Science
Julie Howar Meredith Elliott

Cotton Rockwood Jaime Jahncke

With funding from

California Ocean Protection Council

Suggested citation:

Point Blue Conservation Science, 2022. Environmental Data Catalog for the Morro Bay Wind Energy
Area. Unpublished Report to the California Ocean Protection Council. Point Blue Conservation Science

(Contribution No. 2397), Petaluma, CA.

Cover photo: Morro Rock, Morro Bay, Ed Brownson, Flickr Commons

Point Blue Conservation Science - Point Blue's 160
scientists work to reduce the impacts of climate
change, habitat loss, and other environmental threats
while developing nature-based solutions to benefit both
wildlife and people.

Conservation science for a healthy planet
3820 Cypress Drive, #11 Petaluma, CA 94954
T 707.781.2555 | F 707.765.1685
pointblue.org



TABLE OF CONTENTS

TABLE OF CONTENTS
LIST AND DEFINITIONS OF ACRONYMS
SECTION 1. INTRODUCTION
Understanding Dynamic Marine Systems
Summary of Modeling and Survey Efforts to Assess Species Presence and Preferences
Science-based Mapping and Analysis Platforms
Synthesis of the Datasets Identified for the MBWEA and Vicinity
Overall Synthesis of Science Gaps
Data Quality and Quantity
Habitat and Species-Specific Gaps
Key Research Gaps
SECTION 2. GEOLOGY, BATHYMETRY, AND HABITAT
Geological and Bathymetric Data in the MBWEA or Vicinity
Essential Fish Habitat and Other Conservation Areas Data in the MBWEA or Vicinity
Critical Habitat
State of California Marine Protected Areas
General Status and Threats to Geology, Bathymetry, and Habitats
Data Gaps and Limitations
Summary Tables of Selected Geological, Bathymetric, and Habitat Datasets
Dataset Table 2.1. Bathymetry and seismic data offshore south-central California
Dataset Table 2.2. USGS Nearshore Geology and Geomorphology
Dataset Table 2.3. California Seafloor Mapping Program
Dataset Table 2.4. Coastal Faults from Point Sur to Point Arguello
Dataset Table 2.5. Potential Earthquake, Landslide, Tsunami and Geo-hazards
Dataset Table 2.6. Multibeam Acoustic Backscatter and Bathymetry Data
Dataset Table 2.7. Ocean Color Data
Dataset Table 2.8. Conductivity, Depth and Temperature Data
Dataset Table 2.9. Essential Fish Habitat Mapper
Dataset Table 2.10. Protected Resources App

Dataset Table 2.11. Marine Protected Areas

10
11
12
13
14
16
16
17
19
20
20
22
23
23
24
24
24
24
25
26
28
28
29
30
31
32
33
34



SECTION 3. INVERTEBRATES INCLUDING LIVE BOTTOM HABITAT
Invertebrates and Live Bottom Habitat Data in the MBWEA or Vicinity
General Status and Threats to Invertebrates and Live Bottom Habitat
Data Gaps and Limitations
Summary Tables of Selected Invertebrate Datasets

Dataset Table 3.1 Deepsea Coral and Sponge Occurrences

Dataset Table 3.2 Cal DIG I, Volume 1: Biological Site Characterization Offshore Map
Dataset Table 3.3. Krill Hotspots in the California Current

Dataset Table 3.4 Total Krill Abundance, 2002-2018

Dataset Table 3.5 Commercial Market Squid Landings Visual (2019 through 2021)

SECTION 4. BONY AND CARTILAGINOUS FISH

Life Histories of Select Managed Species
Pacific Coast Groundfish
Rockfish
Lingcod
Pacific Hagfish
Sablefish
Pacific Halibut
Bottom Dwelling Shark Species
Coastal Pelagic Species
Highly Migratory Species
Tunas
Oceanic Sharks
Swordfish
Other predatory fish
Salmonids
Availability of Fisheries Data Near and Within the MBWEA
General Status and Threats to Fish
Data Gaps and Limitations
Summary Tables of Selected Fish Datasets

Dataset Table 4.1. Video Observations of Deepwater Fish and Other Species

36
37
39
40
40
40
41
42
43
44
46
46
46
47
47
48
48
48
48
49
50
50
50
50
51
51
51
54
55
55
55



Dataset Table 4.2. Coastal Pelagic Species in Water Column Sonar Data (2016)
Dataset Table 4.3. Coastal Pelagic Fish Trawl Survey
Dataset Table 4.4. Pacific Fisheries Information Network (PacFIN) APEX reporting system
Dataset Table 4.5. Historical catch of California commercial marine fisheries 1981-2005
Dataset Table 4.6. West Coast Renewable Energy Space Use Conflict Study
Dataset Table 4.7. EcoCast Map Bycatch Predictions Relative to Swordfish Catch
Dataset Table 4.8. NOAA Observed Fishing Effort in the U.S. Pacific Coast Groundfish Fisheries
SECTION 5. MARINE MAMMALS
Marine Mammals With Potential to Occur in the Wind Energy Area or Vicinity
Baleen Whales
Toothed Whales
Rare or Data Deficient Marine Mammal Species
Baleen Whales
Pinnipeds
Sea Otters
Availability of Marine Mammal Data
General Status and Threats to Marine Mammals
Data Gaps and Limitations
Summary Table of Selected Marine Mammal Datasets
Dataset Table 5.1: Seasonal Cetacean Density Models

Dataset Table 5.2: Biologically Important Areas for Cetaceans within U.S. Waters

56
57
58
59
60
60
62
63
66
66
67
71
71
71
72
73
74
75
75
75
76

Dataset Table 5.3: Database of Marine Mammal and Seabird Research Activity in the Pacific (U.S.)77

SECTION 6. SEABIRDS
Seabirds With Potential to Occur in the MBWEA or Vicinity
Albatross
Alcids
Cormorants
Shearwaters and Fulmars
Grebes and Loons
Larids, Jaegers, and Skuas

Pelicans

79
80
80
81
84
85
86
87
92



Phalaropes
Petrels
Storm-Petrels
Sea ducks and geese
Rare or Data Deficient Seabirds
Albatross
Alcids
Larids
Storm-petrels
Sea ducks and geese
Availability of Data on Seabirds
General Status and Threats to Seabirds
Data Gaps and Limitations
Summary Tables of Selected Seabird Datasets
Dataset Table 6.1: Modeling at-sea density of marine birds
Dataset Table 6.2: Seabird Distribution Models in the California Current System
Dataset Table 6.3: Marine bird population, collision and displacement vulnerability
SECTION 7. SEA TURTLES
Sea Turtles With Potential to Occur in the Wind Energy Area or Vicinity
Rare or Data Deficient Sea Turtles
Availability of Data on Sea Turtles
General Status and Threats to Sea Turtles
Data Gaps and Limitations
Summary Tables of Selected Sea Turtle Datasets
Dataset Table 7.1. Leatherback Sea Turtle Utilization Distribution, California Current
Dataset Table 7.2. Leatherback Sea Turtle Distribution Model
Dataset Table 7.3. Global Sea Turtle Occurrence Models
Dataset Table 7.4. Leatherback Sea Turtle Resource Data
REFERENCES
APPENDIX A: MARINE MAMMAL MAPS (Becker et al. 2020)
APPENDIX B: SEABIRD MAPS (Leirness et al. 2021)

93
93
94
95
97
97
97
98
99
99
102
103
103
104
104
105
106
108
108
109
109
110
110
111
111
112
114
115
116
129
144



LIST AND DEFINITIONS OF ACRONYMS?

2 0 T three-dimensional
AlS......ueeeeeneee Automatic Identification System
Anadromous.....describes fish that move from marine waters back to natal freshwater rivers and

streams to spawn; salmon is an anadromous species

ASV.....ccvvvervvenes Autonomous Surface Vehicle
AUV........covervveneen Autonomous Underwater Vehicle
BlAs......cccceeeruenee. Biologically Important Areas are based on expert opinion of the best available science to

help inform regulatory and management decisions
BIOS......ccceveeeenee Biogeographic Information and Observation System

BOEM................ Bureau of Ocean Energy Management, which is responsible for energy and mineral
resources (including renewable resources such as offshore wind) in federal Outer
Continental Shelf waters (i.e., beyond 3 nautical miles [nm] or 5.6 km from shore)

BRUVs.......ueeeeeee Baited Remote Underwater Video Systems

Cal DIG................ California Deepwater Investigations and Groundtruthing | Project
CBl...oerreereeanne. Center for Biological Diversity

CESA......ccceeeueee. California Endangered Species Act is a state law of California that conserves and

protects plant and animal species at risk of extinction

CCS..rreerecnennnen California Current System is a cold-water Pacific Ocean current that moves southward
along the western coast of North America, beginning off southern British Columbia and
ending off southern Baja California Sur

CDFW......cccvruveeee California Department of Fish and Wildlife, formerly known as the California
Department of Fish and Game (CDFG)

CMECS.............. Coastal and Marine Ecological Classification Standard

CPS...eereeereenens Coastal Pelagic Species

Critical Habitat..specific areas that have physical or biological features essential to the conservation of
the species and which may require special management considerations or protection, as
defined by the Endangered Species Act

CSMP................. California Seafloor Mapping Program
CSV..eecrecrrernene Comma-separated values
CTD..ccoereeeenes Conductivity, temperature, and depth

! Additional emboldened words found in the descriptions are also defined in this list.
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[0V S Coefficient of Variation for modeling is a way to measure the dispersion of data values
relative to the mean and how well the model fits the data; a lower CV means that the
predicted values are closer to the actual data

DDT...ccevvvreeenneee Dichlorodiphenyltrichloroethane was developed as an insecticide in 1939, but was
banned by many countries by the 1970s because of its environmental impacts

DECA........ccceeuees Deep-sea Ecosystem Conservation Area

Deepwater........Generally defined by BOEM as waters greater than 300 m (1,000 ft); other agencies
(such as NOAA Fisheries) may consider 200 m (656 ft) to be deepwater

DOl.....ccceeeerreeneee United States Department of the Interior; BOEM and USFWS are agencies within DOI
DPS...ccceevrrrnennns Distinct Population Segment

DSCRTP.............. Deep-Sea Coral Research and Technology Program

DSMZ............... Davidson Seamount Management Zone

EEZ......cccoeveuennees The Exclusive Economic Zone offshore California extends from 12 nm (22 km) to 200 nm

(370 km), and grants the U.S. sovereign rights to the exploration and use of marine
resources such as fisheries, as well as energy production from water and wind resources

EFH.....cccceerueeueenen Essential Fish Habitat
EFHCA......ccccceeueee Essential Fish Habitat Conservation Area
ENSO.......ccceu.... El Nifio-Southern Oscillation is a large-scale climate event that occurs when sea surface

temperatures in the eastern equatorial Pacific region along the coasts of Peru and
Ecuador increase significantly above the average temperature for three or more
months; the ENSO phase has a return period of every four to five years resulting in a
slowdown of the prevailing winds and increased rainfall off the West Coast

EOSDIS............. Earth Observing System Data and Information System

ESA.....ccoveereennes Endangered Species Act is a federal law of the United States to conserve and protect
endangered and threatened species and the ecosystems upon which they depend

ESU....cccovviinnn. Evolutionarily Significant Unit

EXPRESS............ Expanding Pacific Research and Exploration of Submerged Systems
FAO......cccecueuee. Food and Agriculture Organization of the United Nations

11 1 VO fathom; one fathomis 6 ft or 1.8 m

FMP......cccceecueneee Fishery Management Plan

FOWF................ Floating Offshore Wind Facility

FRAM................. Fishery Resource Analysis and Monitoring Division within NOAA
GAP.....cccevvnninnn Gap Analysis Program

GIS...covrreeeeeee. Geographic Information System

HAPC.................. Habitat Areas of Particular Concern
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....Highly Migratory Species

...All parts of the sea that are not included in the jurisdictional waters of a state and which

are open to all nations

...Ecologically significant areas with persistently elevated biomass

....Humboldt Wind Energy Area is an area that BOEM is considering holding a commercial

lease sale for some or all of this 206 mi? or 534 square-kilometers km? area, which
would grant exclusive rights to the lessee(s) to submit a construction and operations
plan on their particular leasehold

....Inter-American Tropical Tuna Commission

...International Oceanographic Data and Information Exchange
....International Union for the Conservation of Nature
....kernel utilization densities

....A La Nifia event is the return of colder ocean temperatures that is the opposite phase of

an El Niflo-Southern Oscillation

...Light Detection and Ranging is a remote sensing technology that uses pulsed laser from

an aircraft to measure distance (range) to the earth’s surface, which are then combined
with position and orientation data to obtain accurate, 3-D spatial maps

....Marine habitat areas that consist of biological assemblages such as seagrass beds,

sponges, and coral attached to exposed hard substrate

...Monterey Bay Aquarium Research Institute

...Morro Bay Wind Energy Area, an area that BOEM is considering holding a commercial

lease sale for some or all of this 1,034 km?/399 mi? area, which would grant exclusive
rights to the lessee(s) to submit a construction and operations plan on their particular
leasehold

...Moderate Resolution Imaging Spectroradiometer

...Marine Protected Area

Magnuson-Stevens Conservation and Management Act

...National Aeronautics and Space Administration

...National Environmental Policy Act

nautical mile; one nm is equal to 1.85 km or 1.15 mi

...National Marine Fisheries Service (also known as NOAA Fisheries)

...National Marine Sanctuary

NOAA Fisheries...National Oceanic and Atmospheric Administration (NOAA) Fisheries or NMFS

National Renewable Energy Laboratory
Ocean Biology Processing Group (within NASA)
8



PacFIN............... Pacific Fisheries Information Network
PARS......ccccceueet Port Access Route Study

PCBs......cccvvueunee. polychlorinated biphenyls are man-made organic chemicals that were used in a variety
of industrial and commercial applications (such as transformers and cable insulation)
that were manufactured from 1929 until they were banned in 1979

PFMC.......cceeeuenen Pacific Fishery Management Council is one of eight regional entities that manages
fisheries for approximately 119 species of salmon, groundfish, coastal pelagic species
(sardines, anchovies, and mackerel), and highly migratory species (tunas, sharks, and
swordfish) on the West Coast of the U.S.

PSMFC............... Pacific States Marine Fisheries Commission
ROMS............... Regional Ocean Modeling System

ROV.....cceeeueenneen Remotely Operated Vehicle

SAFE.......ccceveeuree Stock Assessment and Fishery Evaluation

SHP.....ccuueeeennn shapefile; the form of vector data used by GIS applications
SMCA........cceeeueee State Marine Conservation Area

SMl....ccovrennneennen Standard Mapped Image

SMR......cccceeenneee State Marine Reserve

SSH...ccoeecrrceeeens Sea Surface Height

1)) [ Sea Surface Temperature

SWFSC.............. Southwest Fisheries Science Center

TOPP....ccueeveeenns Tagging of Pacific Predators

USFWS............... United States Fish and Wildlife Service

USGS......ccceveeeeee United States Geological Survey

VMS......ooevveinnen Vessel Monitoring System

WCPFC............... Western and Central Pacific Fisheries Commission
WEA.......coceereees Wind Energy Area is an offshore location that BOEM has assessed as most suitable for

commercial wind energy leasing and possible development

YOY...uiverrnnee Young-of-the-Year (or Age-0) refers to animals that are younger than one year old within
the population



SECTION 1. INTRODUCTION

The Bureau of Ocean and Energy Management (BOEM) is preparing an Environmental Assessment
pursuant to the National Environmental Policy Act (NEPA) to assess a proposed Morro Bay Wind Energy
Area (MBWEA) for floating offshore wind leasing, and potentially, development activities, in federal
jurisdictional waters offshore San Luis Obispo County, California (Figure 1.1). BOEM is considering two
options. MBWEA Option 1 includes the original “Call Area” plus an “East Extension” and a “West
Extension,” encompassing approximately 255,487 acres (1,034 km?/399 mi?). MBWEA Option 1 is located
approximately 27 km (17 mi) at its closest point from shore. MBWEA Option 2 also includes the original
“Call Area” and only the “West Extension,” totaling around 240,898 acres (975 km?/376 mi?) and located
approximately 32 km (20 mi) at its closest point from shore. The MBWEA lies west of the continental shelf
break on the gently sloping shelf in water depths ranging from 800 to 1,300 meters (m; 2,625 to 4,265
feet [ft]). For the purposes of this report when referring to “the MBWEA” and also when its footprint is
depicted on the figures, it will encompass the area being considered under Option 1 (Figurel.1).

Following publication of the Environmental
Assessment, BOEM has proposed conducting an
offshore wind lease sale in fall 2022 (BOEM 2021).
The California Coastal Commission, through its
consultation responsibilities under Section 307 of
the Coastal Zone Management Act, is to decide
whether to concur with the federal consistency
determination that will be prepared by BOEM as
part of the issuance of the Environmental
Assessment and the action to hold a lease sale
along with subsequent site characterization
assessments. The Coastal Commission will assess
and base its decision on whether the consistency
determination, as well as other information and
data provided, meet the state’s enforceable
policies, which are documented in Chapter 3 of the
California Coastal Act of 1976.

Piedras Blancas

Morro Bay
Selected I_:I Morro Bay WEA

. |
Bathymetric | | CAstate Watenj
Features —— DEPTH (200M increments)

As part of this process, Point Blue Conservation
Science (Point Blue) was tasked with developing a
data catalogue and to synthesize the most relevant
Figure 1.1. Selected bathymetric features within and around the environmental datasets that are known within the
MBWEA. MBWEA or vicinity, including the nearshore coastal

areas of San Luis Obispo County. The intent of this
report is to identify the best sources of data currently available on California’s marine resources,
particularly in and around the proposed wind energy area. An important next step that would enhance
this data catalogue effort is to ensure that a single repository for West Coast data includes regular updates
of the datasets and a process to ensure that information has been peer-reviewed and verified. One site
that has begun to address this data need is the California Offshore Wind Energy Gateway. This gateway
was built on the Data Basin platform, which provides open access to biological, physical, and socio-
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economic datasets (Conservation Biology Institute [CBI] 2022). The California Offshore Wind Energy
Gateway includes geospatial information on ocean wind resources, ecological and natural resources,
ocean commercial and recreational uses, and community values that are intended to assess the siting of
offshore wind energy in federal waters.

This report summarizes certain marine resources and associated datasets that are available for the
MBWEA site and vicinity and may not currently be included in the California Offshore Wind Energy
Gateway. The report also includes information on potential gaps in the current knowledge base on data
associated with identified resources.

Understanding Dynamic Marine Systems

While datasets are static, the animals in the California marine system are not and environmental
conditions can change greatly between seasons, year to year, or from one decade to the next. Many
factors affect species and their movements along the length of California’s 1,770 km (1,100 mi) coastline
and its offshore waters. The California Current System (CCS) defines this coastal upwelling ecosystem that
exists along the eastern basin of all major ocean basins. In simple terms, the CCS acts as a conveyor belt
bringing cold, nutrient-rich waters of the California Current that interact with the warmer counterflow of
the Davidson Current. Predominantly northwesterly winds put stress on surface waters and with the
earth’s rotational pull, this creates the energy and motion needed to force upwelling of deep, cold waters
toward the coast. The upwelling influences food resources and larval transport thereby affecting one of
the most productive marine systems in the world. The upwelling helps to sustain a wide range of marine
predators, including whales, seals, sharks, tuna and other fish, and pelagic seabirds. This ecosystem, in
turn, supports socioeconomic goods and services from managed fisheries and tourism to marine
transportation.

Changes to upwelling intensity and magnitude have corresponding significant effects (both positive and
negative) on ocean productivity. The upwelling tends to be stronger and colder during spring and summer
months, then weaker in the fall and winter when offshore winds subside. Phytoplankton (consisting of
bacteria to plant-like diatoms) is the driver for the trophic food chain that supports this diverse array of
marine life from microscopic zooplankton (e.g., krill and copepods) to the largest whales. The productivity
of phytoplankton can be remotely measured by satellites based on the color intensity (i.e., concentration)
of the green pigment called chlorophyll. Phytoplankton productivity varies depending on numerous
environmental factors from climate variability to seabed topographic features, which influence local
upwelling. Other water quality conditions that are linked to the productivity of this marine system include,
but are not limited to, dissolved oxygen levels, nitrogen, water temperature, and salinity.

In addition to the location and abundance of food sources, the physical properties or topography of the
seabed as well as water depth are other helpful predictors of species’ habitat preferences. Hard structure
such as rocky reefs and underwater volcanos provide important habitat for many fish and other animals
in an otherwise featureless, soft habitat area. Depth, grain size, sediment composition, and presence of
methane gas (also called cold seeps) are some of the physical factors that influence biota, particularly
those that live on the seabed. Water depth influences the type of species that may be present on the
seabed as well as throughout the water column and even the seabirds above.

Predictive models are a way to assess potential anthropogenic pressures on many species that can be
difficult to survey, where it may not be possible to count every animal, and where information about
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uncommon species is lacking. However, biodiversity of marine species is extremely complex and there are
inherent uncertainties in any modeling system that need to be understood when using predictive models
for planning and management decisions. For example, the biggest uncertainty in any modeling effort is
capturing the dynamic nature of the marine environment in conjunction with often highly mobile species.
The level of effort during observational surveys, as well as when and where these surveys were conducted,
can create gaps in the underlying data that the models must fill. Modeling accuracy is also affected by the
spatial resolution of the grid that is used for analysis and presentation of the results.

Real-time data on oceanic and atmospheric conditions is also becoming more widely available with
greater use of satellite technology, remotely operated vehicles (ROVs), autonomous underwater vehicles
(AUVs), and autonomous surface vehicles (ASVs). These technologies will eventually allow for greater
collection of biotic and abiotic information that can be conducted more frequently in deep, offshore
waters, and during times of the year when crewed vessels do not venture offshore.

Different methods between data collected from human observers and autonomous devices still need to
be evaluated to determine how information can best be integrated with existing, long-term datasets. In
January 2022, BOEM and the National Oceanic and Atmospheric Administration’s (NOAA) National Marine
Fisheries Service (NMFS; also known as NOAA Fisheries) signed a Memorandum of Understanding to
ensure the continuity of long-term data collection efforts and to maintain scientific support for sustainable
fisheries.

A new tool called baited remote underwater video systems (BRUVS) can be used on the seabed or in mid-
water as a non-lethal sampling method to identify species, determine relative abundance, and measure
individual animal size. FishBase, which provides information on 33,000 fish species (Froese and Pauly
2021), has a new BRUVS tool feature that provides publicly available geo-referenced data from global fish
surveys that are based on this new tool, although none is available at this time from marine waters of the
United States. Other technologies such as passive acoustic monitoring, infrared cameras, floating multi-
instrument arrays, and high-definition digital imaging are also becoming more frequently used in offshore
studies to obtain more information, and often more accurate information, which is particularly useful for
rarely seen or difficult to observe species. A current study by researchers at University of California Santa
Cruz and Cornell University involves a novel passive acoustic recorder attached to elephant seals, which
remain at sea for about nine months at a time, to record whale calls (Coastside State Parks Association,
2021). This is an example of the kind of data that will be available in the future that could help inform
presence and abundance of deepwater or cryptic species.

Summary of Modeling and Survey Efforts to Assess Species Presence and Preferences

The physical and biological structure and composition of the benthos in and around the MBWEA is highly
complex and variable as described in Section 2. Initial seafloor habitat mapping of the continental slope
and shelf has been conducted by the California Deepwater Investigations and Groundtruthing | (Cal DIG)
project. Other habitat mapping data is available from deepwater coral surveys. Demersal/benthic habitat
within MBWEA appears to consist mainly of soft sediment and muddy sea bottom. The Santa Lucia Bank,
a submarine feature south of the MBWEA, rises to 400 m (1,312 ft) from the surface and is part of a
persistent upwelling cell that may influence habitat and species in the MBWEA region. An interesting
feature of the seafloor in the MBWEA is one of the largest known pockmark fields in North America,
although it not known how they were formed (Walton et al., 2021). Additional information about potential
benthic habitat and faunal assemblages in the MBWEA can be found in Kuhnz et al. (2021).
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Nearshore marine areas generally out to the 200-m isobath (656 ft) have been well characterized over the
years, but site-specific benthic surveys of the MBWEA in water depths over 800 m (2,625 ft) have not yet
been required or conducted. Information is available, however, that can be used to conduct preliminary
assessments of the potential macrofauna that are likely to exist in the area. Section 3 describes BOEM-
funded remotely operated video surveys that can be used to assess likely faunal assemblages in the
MBWEA and vicinity. Other surveys that have collected data on deep ocean corals and sponges, which
form important biogenic (“live bottom”) habitats, have also been compiled to infer patterns in habitat
suitability across taxa in depths up to 1,200 m (3,937 ft).

The MBWEA also contains numerous invertebrates such as crab, shrimp, and squid (Section 3) and bony
fish and shark species (Section 4). Many of these are important to commercial and recreational fishing,
which are detailed in their relevant Fishery Management Plans (Pacific Fishery Management Council
[PFMC] 2021a). Additional information on the best available data of managed stocks and fisheries can be
found in the Stock Assessment and Fishery Evaluation (SAFE) documents, which are also available at the
PFMC’s website (PFMC 2021b). There are, however, difficulties in using fishery information for other
purposes such as trying to combine datasets that cover varying spatial and temporal scales. Fishery
surveys have also been designed to answer specific management questions, such as how much of each
species is being landed to measure catch totals, but this information may have limited usefulness for other
purposes or questions.

Marine mammals, birds, and turtles utilize habitats in and adjacent to the MBWEA. Section 5 describes
many species of marine mammals and their potential likelihood of presence in the region via species
density models. These models are based on the collection of shipboard and aerial observer data as well
as extrapolating information collected from observational surveys to help determine habitat preferences.
Distribution modeling has been done for many of the marine mammails listed in Section 5, which is based
on a current understanding of life history traits that are known for these species. Many pelagic bird
species could also potentially occur in the vicinity of the MBWEA. These include highly abundant
populations of common murres and sooty shearwaters as well as less common pelagic seabirds that
remain at sea for long periods of time. Section 6 describes the current understanding of those species that
are likely to occur in the region. Seabird density models have also been developed from seabird
observational data to predict habitat preferences when fine-scale, long-term, monitoring data are not yet
available. Four sea turtle species that may occur offshore California are described in Section 7, all of which
are protected under the U.S. Endangered Species Act (ESA). The area offshore central California provides
critical foraging area and is a migratory corridor for some sea turtles.

Science-based Mapping and Analysis Platforms

As competing demands for ocean resources rise and climate change creates greater uncertainty for
predictions of habitat preferences, the need for collating marine data into large spatial databases
becomes ever more important. Ideally, these datasets would be accessible in a single repository, but this
is useful only if the datasets are maintained and updated regularly, particularly to incorporate new
biological information and protected habitat designations. There are nearly 700 datasets currently in the
California Offshore Wind Energy Gateway mapping tool; however, some are incomplete or need to be
updated. All portals have varying levels of data and ease of use. Many thousands of datasets can be found
for West Coast resources in portals from organizations and national and international bodies. Hourigan et
al. (2015) describe a process and schema toward the development of an integrated database for deep-
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sea corals. This is an example of the type of guide that might be useful in developing a system for
standardizing data collection efforts, ensuring the continuity of collected data, and developing an
interface for data visualization. Another example, described in Van De Putte et al. (2021), used data from
the Southern Ocean to generate indicators and undertake assessments to advise decision-makers.

Ocean marine resources do not obey state, national, or international jurisdictional boundaries. Many
species in the CCS might also be found latitudinally between Alaska and Mexico or longitudinally from the
West Coast to Asia; some species migrate as far as the Antarctic. The main concern about the various data
aggregation sites and portals is the need to have continuous updates with current data and information,
as well as a constant review to ensure that corrupted links or files are regularly fixed. The inaccessibility
of information, confusing user interfaces, as well as the presence of outdated data diminishes the user’s
experience and limits the accuracy and usefulness of these products. In general, these sites and associated
datasets can be: a) difficult to navigate for the general public, b) not regularly updated, and c) scattered
and not accessible within a single website/URL.

Synthesis of the Datasets Identified for the MBWEA and Vicinity

Assessing seafloor structure is a key predictor related to marine species’ habitat preferences. Data exists
for shallow geohazards and benthic habitats (Dataset Table 2.1), as well as surveys to collect marine
geology and geomorphology data along the continental shelf and upper slope in the vicinity of the MBWEA
(Dataset Table 2.2). Closer to shore, comprehensive seafloor maps have been produced for high-
resolution bathymetry, marine benthic habitats, and geology in California state waters (Dataset Table 2.3).
Coastal fault lines (Dataset Table 2.4) and offshore fault lines in and around the MBWEA (Dataset Table
2.5) help describe the potential seismic activity in the region. Additional surveys have been completed to
map surficial geology and benthic habitats (Dataset Table 2.6). Biological datasets include satellite ocean
biology data from the National Aeronautics and Space Administration’s (NASA’s) Earth Observing System
(Dataset Table 2.7), and corresponding conductivity, depth, and temperature data (Dataset Table 2.8) can
be used to assess potential habitat for living marine resources. Efforts have been taken to conserve and
minimize effects on important habitat with a tool that can be used to identify areas of Essential Fish
Habitat (EFH; Dataset Table 2.9). A similar tool showing the locations of critical habitat (Dataset Table
2.10) and a Nearshore Marine Protected Areas mapping tool (Dataset Table 2.11) perform similar
functions.

One source of information that can be used to understand invertebrate presence in or near the MBWEA
is the Deep-Sea Coral Research and Technology Program national database of observational data, images,
and technical reports on deep-sea corals and sponges (Dataset Table 3.1). Observations of invertebrate
species in benthic habitat from ROV underwater video surveys (Dataset Table 3.2) and data queries to
understand oceanic and invertebrate hotspots (Dataset Table 3.3) are also available. Krill are an essential
resource in marine ecosystems, and models relating geomorphic features and oceanographic conditions
to the distribution and abundance of krill species in the central CCS are available (Dataset Table 3.4). Data
pertaining to commercially important invertebrate species, such as market squid, are compiled annually
by the California Department of Fish and Wildlife (CDFW; Dataset Table 3.5).

Observational data for fish that are likely to be found in the MBWEA and vicinity during recent ROV video
surveys are available (Dataset Table 4.1). The Southwest Fisheries Science Center (SWFSC) had also
conducted a sonar survey to assess biological abundance, identify species, and characterize habitats
(Dataset Table 4.2), as well as trawl surveys to collect information on Coastal Pelagic Species (CPS; Dataset

14



Table 4.3). The nation’s first regional fisheries data network, called the Pacific Fisheries Information
Network (PacFIN), combines federal and state fishery data to provide accurate estimates of commercial
catch and value for West Coast fisheries (Dataset Table 4.4). There are two types of studies to assess
historical information to show spatial distribution of fishing effort (Dataset Tables 4.5 and 4.6). A novel
fishery sustainability tool that uses real-time ocean data to reduce fishing bycatch impacts is the EcoCast
Map product (Dataset Table 4.7). While NOAA observed fishing effort derived from VMS data for
groundfish fisheries may be limited due to confidentiality requirements, it is valuable in providing
information about spatial distribution of certain groundfish species (Dataset Table 4.8).

Forty-five species of marine mammals are known to occur in the CCS between Canada and Mexico that
can have a presence off California, from the largest cetaceans to sea otters. Because many marine
mammal species prefer deep, offshore waters, and can be difficult to observe, predictive models are used
to determine approximate abundance and range. By combining oceanic variables with observational data
on marine mammals, predictions can be made about where they are likely to be seen. The most current
and best available information on these some of these species and sources exists (Dataset Table 5.1),
although it is limited to certain cetaceans and does not include any of the pinnipeds. In addition to
observation-based models, general habitat use areas have been identified as Biologically Important Areas
(BIAs) for cetaceans (Dataset Table 5.2). A summary dataset of marine mammal and seabird research
projects and data collected in the U.S. Pacific Ocean, which provides broad spatial and species coverage,
(Dataset Table 5.3) was assembled for the purpose of compiling data useful for the assessment of offshore
energy development impacts.

Predictive density and distribution modeling efforts have been made for seabirds, which number at least
80 species off California from nearshore to far offshore. Survey data from multiple cruises have been
combined with predictor variables derived from bathymetric and remotely sensed oceanographic data as
well as climate indices (Dataset Table 6.1). A similar mapping effort shows model-derived predicted
density of where 30 species of birds (many the same as Dataset Table 6.1) may be more or less abundant
(Dataset Table 6.2). A comprehensive database can be used (and modified or updated) to quantify marine
bird vulnerability to offshore renewable energy developments (Dataset Table 6.3). Dataset Table 5.3 in
Section 5 is also applicable to seabirds, as it includes seabird research projects and data. In very general
terms, jaegers, skuas, pelicans, terns, and gulls have high vulnerability to collision with offshore wind
infrastructure, whereas loons, grebes, sea ducks, and alcids have high habitat displacement vulnerability.

Sea turtle observational data have been collected from aerial surveys, nesting beach surveys, and in-water
capture efforts to estimate marine turtle abundance, stock structure, habitat use, and movement
patterns. Leatherback turtle occurrence has been described based on a deductive process of their habitat
preferences (Dataset Table 7.1), while another predictive modeling effort uses satellite and light-based
geolocation data from the tracking of tagged leatherback sea turtles has been synthesized to determine
their distribution and habitat preferences (Dataset Table 7.2). Coarse spatial data illustrating global
relative probabilities of occurrence for less locally common sea turtle species are currently the best
available data for these species in the CCS (Dataset Table 7.3). An index of how sensitive certain habitats
along the California shoreline might be should an oil or other hazardous material spill occur includes a sea
turtle sensitivity index (Dataset Table 7.4).
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Overall Synthesis of Science Gaps

Gaps and deficiencies in available data fall into several broad categories including temporal weaknesses,
spatial coverage shortfalls, and quality or applicability issues. These different types of gaps are distributed
unevenly across the various classes of data covered in this report. Deficiencies also stem from different
root causes including technical hurdles, funding shortfalls, and disparity in historical drivers of research
for different taxa and physical components of the marine environment. Here, we first describe some of
the overarching differences and drivers of data quantity and quality, and we then identify patterns of
temporal, spatial, and data applicability gaps specific to each data type covered in the report. We finish
with a discussion of three key research gaps that are poorly addressed across nearly all data types covered
in this report: 1) prediction of future change, especially resulting from climate change scenarios, 2)
guantification of sensitivity to offshore wind impacts, and 3) development of a well-organized, easily
accessible, well-maintained data repository with maintained links to source data.

Data Quality and Quantity

One key disparity in data quality and quantity is its availability, which is constrained by the logistics of data
collection. Surface and near-surface ocean waters are sampled using visual methods and remote sensing,
so significantly more upper-ocean data is available covering a greater area and finer time steps. In
comparison, midwater and bottom data are largely collected at widely spaced, specific sampling points
by research cruises or automated systems such as vertical profiling floats. These focused point data lead
to a relatively poor picture of mid-, deep- and benthic physical and biological processes because they are
limited in spatial and temporal extent. The lower coverage and availability of subsurface marine data limits
the understanding of ecosystem level interactions between species and their environment. It also
increases the difficulty in constructing good models of species that spend the majority of their time in
deeper waters. For example, the authors of Dataset Table 5.1 state that the two lowest-performing
models of marine mammals are for sperm whales and the small beaked whale guild, partially due to
limited environmental data in their most frequented habitat.

Another broad pattern of data disparity is between abundant versus rare species. Distributions of
abundant species are more readily studied and modeled, frequently leaving gaps in information covering
rare (and often at-risk) species such as the north Pacific right whale (Eubalaena japonica), Guadalupe fur
seal (Arctocephalus townsendi), California least tern (Sterna antillarum browni), or leatherback sea turtle
(Dermochelys coriacea). Solving these deficiencies may require targeted approaches such as tagging and
tracking to better understand the distribution and habitat use patterns of species that might be at
disproportionate risk of population impacts.

Third, winter conditions can be prohibitive or dangerous for at-sea observations and these conditions
frequently preclude data collection. The available information on species distribution is skewed toward
summer and fall months and may be reduced or lacking in winter months. The data that are available may
also be limited in accessibility (e.g., geographic information system [GIS] software and analysts are needed
to manipulate the data) or requests must be made to state agencies or researchers to obtain the datasets.
For the portals that do exist, they are scattered in numerous online sites, have varying levels of updated
information, and different levels of ease of use.

Fourth, because most at-sea studies cover broad areas and are conducted seasonally or annually at best,
there is a lack of site-specific data on the variability of presence and abundance of species in the
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development area. Given the high levels of strong interannual physical and biological variation in the CCS,
multi-year and cross-season data is usually important for a comprehensive assessment of impact. In
addition, because of longer-term changes (e.g., the increase in warm water events in recent years or
changes in fisheries regulations), it is important to have recent data that represents current conditions to
compare with historical patterns that may no longer be relevant. High resolution seasonal data is most
important for very mobile species like seabirds, marine mammals, or highly migratory fish. Interannual
data is key for mobile species that may alter habitat use annually as well as for shorter-lived species like
krill, forage fish, or squid that can have large population fluctuations (natural “boom-bust” cycles) over
relatively short timeframes.

Habitat and Species-Specific Gaps

The inherent nature of the benthic environment leads to difficulty in understanding it. Data collecting and
processing require highly specialized equipment, high levels of training, complex logistics, significant staff
resources, and large server capacity to store and manage. In general, benthic data is collected at two
scales: extremely fine spatial scale over a small area, or as a series of well-dispersed points from which
unsampled areas are extrapolated. Both result in limited spatial coverage of data, which restricts
applicability for site-specific projects like offshore wind development. Focused, fine-scale data collection
in the project area will improve the understanding of the importance of these features and their biological
associations. Developments in automated sampling platforms like subsurface gliders and continuing
improvements to three-dimensional ocean models like the Regional Ocean Modeling System (ROMS) are
beginning to increase data availability for sub-surface habitats, offering the prospect for improved
understanding and modeling of deeper waters and the species that reside there. Increased use of high-
resolution acoustic sampling and new analytical techniques are also improving quantification of midwater
species distributions and benthic features. Regular sampling would allow categorization of faunal groups
across deepwater habitats that exist beyond the shelf.

Marine invertebrates are one of the most difficult groups of organisms to investigate. Monitoring changes
in invertebrate communities requires collecting multiple samples at several locations and across seasons,
and post-cruise laboratory work to identify and quantify the species caught. Obtaining ship time and the
appropriate gear for sampling can be expensive, and sampling is often deficient at both spatial and
temporal scales. For example, sampling benthic invertebrates on the seafloor is logistically challenging
and is focused on small areas and species groups (e.g., deepwater corals and sponges). Sampling pelagic
invertebrates is also inadequate, as spatial coverage is poor, and sampling is not frequent enough to
capture the dynamic nature of these populations that fluctuate rapidly with changing ocean conditions.
Ample time and expertise are needed for laboratory analysis of the samples collected. Site-specific
sampling is necessary to understand the invertebrate communities that inhabit the MBWEA site. Benthic
invertebrate communities identified could be linked to the benthic data and features, and this would be
helpful in modeling approaches for this and future potential offshore wind sites.

Fish and fishery data are some of the most complex datasets that are at least available in high or specific
spatial or temporal detail. Studies that collect data on fish are often species or group specific, tend to
focus on species that have an economic value, and are highly localized. Exclusion of less-studied fish
species may skew analysis of data to the point of overlooking the influence those species have on the
ecosystem. The highly mobile and wide-ranging nature of some fish species increases the challenge of
collecting population and distribution data. Fishery data can be used as a proxy for fish population
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information, but the intrinsic lack of random spatial and temporal sampling will lead to bias. In addition,
fishery information is not easily available to the public mainly because of legal restrictions that preclude
reporting of individually identifiable data. There are certain types of vessels or vessels targeting certain
species that are required to carry tracking devices called Automatic Identification System (AlIS) and VMS.
AIS and VMS data that are currently available are problematic because they are not standardized across
the whole fishing fleet, especially the smaller vessels or those targeting less sensitive species. VMS
information would be particularly useful data because it would more precisely allow an assessment of the
location and duration of fishing activity, and it would be in near real-time because the data are
automatically transmitted every two hours to satellites. Such precise spatial information on fishing
activities could be used to create bio-economic models that would allow better understanding of the
dependencies between coastal communities and their fishing grounds.

Marine mammals are one of the better studied and data-rich groups, although they can be difficult to
monitor due to variability in their spatial and temporal distribution, as well as the fact that they spend
most of their time at sea underwater and out of view. The strong legal protections and regulatory
monitoring requirements for marine mammals have led NOAA to collect long-term data that spans two
and a half decades. These data underlie the high-quality models in Dataset Table 5.1, most of which have
strong statistical fits and have been thoroughly validated with independent data. Since the predictions
represent the average densities over the dataset timeframe, they are an excellent representation of long-
term patterns. Spatial coverage is good though because the shipboard surveys cover the whole Exclusive
Economic Zone (EEZ; i.e., out to 200 nm or 370 km). With the exception of pinnipeds, there is good
taxonomic coverage of marine mammals, although the statistical strength of the sperm and beaked whale
model predictions is low and needs to be considered when assessing model strength, especially at the
scale of the MBWEA. Species distribution models of pinniped species that have good tracking data would
offer a way to improve data for that group. In addition, recent advances in acoustic monitoring are likely
to improve data on beaked and sperm whales, as well as for other vocal species during seasonal periods
where coverage is currently lacking. While long-term coverage is good for marine mammals overall,
seasonal representation is lacking, with most species only having models for summer and fall combined.

Datasets for seabirds are the most complete for spatial, temporal, seasonal, and taxonomic coverage of
all the habitat and species groups. Their need to breed on land combined with the propensity to be more
readily observed at-sea and most species having large populations allow for the collection of robust data
in all environments they utilize. As with other species, however, the logistics of collecting data at sea limits
the quantity of data available. Also, these data tend to be coarse, generalized over large areas and time
scales of many months. For the purposes of wind energy development, it would be beneficial to have
more information on the differential species reaction to and potential interaction with offshore wind
infrastructure, including seasonality of habitat use, flight behavior, and local foraging habits. Rare,
threatened, endemic, and locally breeding species all deserve extra attention, in that they may be
disproportionately affected by changes in the local environment. Studies that provide fine spatial and
temporal scale data on seabird movement patterns and habitat utilization in and around the MBWEA itself
are important for understanding the potential impacts of offshore wind energy development and
operation.

Sea turtles are one of the more data-poor groups, lacking in spatial, temporal, and taxonomic coverage.
The highest-quality data available is for leatherback turtles and derives from tracking studies. These have
been processed into kernel utilization densities (KUDs, Dataset Table 7.1), but the tracked animals were
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not representative of the broader population, and there were known behavioral effects of the tagging
process. For these reasons, the KUDs are only suitable as a general indication of where leatherback turtles
may be found but should be treated with caution because some areas that species actually use may be
missing. While potentially of some use, the Gap Analysis Program (GAP) distribution models only identify
areas of potentially suitable habitat and thus should not be treated as a reliable indicator of presence or
absence. Green and loggerhead turtles have no distribution data available. Research is currently under
way to construct a statistical model fit to an expanded tracking dataset of leatherback turtles, based on
EcoCast modeling (Hazen et al. 2018). This data should be more useful for evaluating offshore wind
conflicts, once available.

Key Research Gaps

There is a growing field of study following the impact of changes in climate and the increasing frequency
of marine heat waves. These events will cause changes in distribution and migratory patterns, potentially
deviating from model predictions that are widely used to assess distribution and abundance. Abrupt shifts
in oceanic conditions can cause a cascade of changes in distribution and migratory patterns for different
species, many of which are described in this report. This is a recently expanding area of intense study and
new research findings. Publicly available data on ocean heat content and temperature anomalies over
different time scales going back to 1955 can be found at the NOAA National Center for Environmental
Information (NOAA NCEI 2021). This can be useful when trying to compare whether population shifts in
marine species might be due to oceanic and climatic conditions or anthropogenic inputs. Also, an
International Working Group on Marine Heatwaves tracks marine heat waves and consolidates
publications on this topic (Marine Heatwaves International Working Group 2021). Improving the
information on likely future scenarios will be important for effective and durable assessments of offshore
wind development impacts.

Another important information gap for most of the resources covered in this report is a thorough
understanding of the vulnerability of each species or habitat to offshore wind development and operation
impacts. Though generally not spatial in nature, this data plays a key role in translating exposure (as
determined by spatial and temporal patterns) into impact. The sensitivity of seabirds to collision and
displacement has been evaluated (Dataset Table 6.3), and there is some research quantifying noise
impacts for marine mammals. However, sensitivities for most of the species and habitats at risk are not
well known, especially to floating turbine development, which is relatively new technology and has not
been well studied.

Lastly, the challenges of data accessibility for impact analysis are daunting. Data has been collected that
is not available in the public domain or it remains behind an agency firewall. One example of this is InPort,
a centralized repository of documentation for NOAA Fisheries data and the tools to access that data. Other
data must be requested directly from their sources, which may be complicated by difficulty in making
contact or timeliness of response. For data that are publicly available online, the large diversity of data
gateways and repositories can increase the effort required to find and acquire the data. Online data may
not be updated regularly or at all; web addresses may be changed, outdated, or broken; and the data
itself may not be clearly linked to peer-reviewed studies. An additional important factor that can greatly
enhance research use of data is the availability of programmatic access to data which allows researchers
to harvest the newest data sources and use them efficiently in statistical models. This type of access is
sparsely implemented across existing data repositories. Once acquired, data may not be in a useful format,
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or they may require specialized analysis software or skills. All of these factors apply to data described in
this document and influence the quality and usefulness of data for project-specific purposes such as
offshore energy development.

SECTION 2. GEOLOGY, BATHYMETRY, AND HABITAT

Marine benthic habitats are often defined by their geological structure as well as depth (or bathymetry)
and chemistry. For this reason, geophysical techniques (high-resolution seismic and sub-bottom profiling,
side scan sonar, multibeam surveying) are critical for determining bathymetric features, habitat structure,
and substrate type. Depth is often a feature of habitat preference from the intertidal zone to the deep
ocean. The continental shelf (from 0 to 200 m [656 ft]) delineates the submerged part of the continental
landmass that extends from the coastline to the shelf break. From the 200-m (656 ft) isobath, which
delineates the shelf break, a long continuous continental slope descends slowly to the ocean floor (depths
to approximately 2,000 m [6,562 ft]). Other features along the slope include deep trenches that form at
areas of subduction that occur between tectonic plates, while submarine canyons (formed by ancient
fluvial processes during lower sea levels) are common across both the continental shelf and slope.

Submarine canyons have complex bathymetry with high, ridge-like features that provide habitat for a
variety of species and can also affect local bottom currents. Seamounts, which are typically found in the
deeper continental slope region, are underwater ridges that can rise more than 1,000 m (3,300 ft) above
the seafloor. Other topographic features on the continental slope that often resulted from volcanic
activity include smaller knolls, hills, and mounds. Steep topographic structures and rock provide exposed
relief above the seabed that serve as important habitats for both pelagic and benthic species including
habitat for deepwater branching corals and sponges, which are a biogenic source of structural habitat.
These features also create regionalized upwelling that are beneficial to benthic and pelagic marine life in
an otherwise silty or muddy seabed. Pockmarks are deep depressions in the seabed that are known to
occur around the world, generally as the result of fluids escaping from the sediment; however, the large
pockmark field in the MBWEA region does not appear to be from active seepage.

As part of efforts to protect commercially and recreationally important fish populations, federal and state
agencies have taken measures to protect, enhance, and restore a variety of habitats, including inshore
and offshore areas. NOAA Fisheries and the PFMC identify, map, and manage certain fish-specific habitat
designations along the West Coast. Offshore habitats that have been determined to be particularly
important for certain fish are protected under numerous designations with different regulations. Some
areas are off limits to fishing entirely, sometimes all year but often on a seasonal basis or in certain fishing
blocks at certain times to avoid critical spawning or migration, or other factors. Other areas are off limits
to certain gear types, most often commercial bottom trawling that directly contacts the seafloor.

Geological and Bathymetric Data in the MBWEA or Vicinity

Nearshore and inner shelf deposits of the region are predominantly sand (Watt et al. 2015) while mud
likely dominates the MBWEA (Bakhsh et al. 2020; refer to Figure 41 of that report). Scour depressions are
common along this area because of low sediment supply to fill the depressions as well as sediment
transport that occurs during large northwest winter swells. The outer shelf and slope deposits shift to mud
and sand in water depths below 70 m (230 ft) but the point at which this shift occurs can change depending
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on sediment supply, sediment transport, and wave climate (Watt et al. 2015). As part of the Cal DIG |
project, backscatter survey data was collected to assess the area of the MBWEA in water depths of 400 to
1,500 m (1,312 to 4,921 ft; Walton et al. 2021). The multibeam acoustic-backscatter and bathymetry data
were used to map surficial geology and benthic habitat (Dataset Table 2.1). Backscatter data provides
information on the ‘hardness’ of the sea floor and is used to differentiate between different types of sea
floor, such as hard rock or soft sediment.

Offshore geology and geomorphology along the continental shelf and upper slope between Point Piedras
Blancas and Pismo Beach have been mapped by the U.S. Geological Survey (USGS; Dataset Table 2.2).
Similarly, nearshore geological and habitat mapping information is available from the California Seafloor
Mapping Program (CSMP), which includes California’s state waters out to 3 nm (3.6 mi or 5.6 km; Dataset
Table 2.3).

The Hosgri Fault extends along the coast from about 6 km (3.7 mi) offshore Cambria to 5 km (3.1 mi)
northwest of Point Pedernales. This fault zone is a component of the Pacific Plate/North American Plate
margin. To the west of the Hosgri Fault Zone is the Santa Maria Basin (Willingham et al. 2013). There is no
distinct topographic break between the shelf and slope from approximately 170 km (106 mi) from Point
Sur to the vicinity of Point Conception as the shelf merges seaward with the Santa Lucia Bank at a depth
of about 550 m (1,800 ft). West of Santa Lucia Bank is the steep Santa Lucia Bank Escarpment (McCulloch
et al. 1980). Nearshore faults have been identified in the coastal region between Point Sur to Point
Arguello based on interpretation of seismic reflection profile data collected by the USGS between 2008
and 2014 (Dataset Table 2.4). An interactive, web-based portal that shows a more expanded view of
potential earthquake, landslide, tsunami, and geo-hazards in the MBWEA and other wind energy areas
has been prepared by BOEM as part of the Bakhsh et al. (2020) report (Dataset Table 2.5).

The Cal DIG | project created baseline geologic interpretations of the MBWEA to improve regional models
of shallow geologic hazards and sedimentary processes. The geophysical and geological information
included comprehensive, high-resolution sub-bottom data (multi-channel and Chirp seismic reflection
profiles), seafloor (bathymetry), and sampling (piston, gravity, and vibracore) collected during surveys in
2018 and 2019. This report provides: 1) interpretation of subsurface geologic structure from the
geophysical data; 2) preliminary core analysis results related to fluid, gas, and sediment transport activity;
3) interpretations of the current geohazards in the area; and 4) suggestions on next steps for improving
interpretations of geohazard processes (Walton et al. 2021; Dataset Table 2.6).

An interesting feature of the seafloor in the MBWEA region, although common around the world, are
thousands of distinct “pockmarks” averaging around 5 m (16 ft) deep and approximately 175 m (574 ft) in
diameter. These pockmarks were found across two physiographic regions near the MBWEA in water
depths ranging from about 500 to 1,400 m (1,640 to 4,593 ft). The pockmarks cover an area that totals
nearly 1,300 km? (579 mi%) making this one of the largest known pockmark fields in North America (Walton
et al. 2021). It is not known how the pockmarks were formed, but it does not appear they were caused by
fluid venting from the depressions (Walton et al., 2021). Three times as many “micro-depressions,”
measuring an average of 11 m (36 ft) wide and 1 m (3 ft) deep, were also found. Many of these micro-
depressions contained marine debris including garbage bags, derelict fishing gear, rocks, bones, and kelp
holdfasts (Lundsten et al. 2019).
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Chemistry data, including chlorophyll, temperature, salinity, oxygen, and nutrients are important factors
that influence marine life along the whole California Current ecosystem. A good source of ocean biology
data that is collected by satellite is available from NASA’s Earth Observing System Data and Information
System (EOSDIS; Dataset Table 2.7). Additional efforts to collect in situ water quality data for certain
variables (including salinity, dissolved inorganic nutrients, pH, total alkalinity, and dissolved inorganic
carbon), as well as conductivity, temperature, and depth, have been collected at selected depth by the
USGS in 2018 and 2019 at various sites offshore of California (Dataset Table 2.8). This effort is part of the
Expanding Pacific Research and Exploration of Submerged Systems (EXPRESS) project (NOAA, BOEM, and
USGS, 2019; Kennedy et al. 2021) to assess living marine resources and habitats, inform ocean energy and
mineral resource decisions, and improve offshore hazard assessments including areas of the shelf and
slope offshore California. More detail on how environmental predictor data is used to create species
distribution models can be found in Schulien et al. (2020).

Essential Fish Habitat and Other Conservation Areas Data in the MBWEA or Vicinity

Essential Fish Habitat (EFH) is a designation under the Magnuson-Stevens Fishery Conservation and
Management Act (MSA) to protect waters and substrate that are necessary for spawning, breeding,
feeding, or growth to maturity of fish. There is an EFH designation for nearly all federally managed species,
and this habitat can be thought of as being essential to the survival of those fish. An EFH designation does
not regulate fishing activity specifically. It is determined, described, and mapped based on the array of
available species information. EFH locations and information can be found in the relevant Fishery
Management Plans, as well as in the EFH Mapper tool (Dataset Table 2.9; Figure 2.1). EFH is also available
as a data layer in the California Offshore Wind Energy Gateway tool. All waters within and around the
MBWEA are designated as EFH for Pacific Coast groundfish, coastal pelagic species, salmon, and highly
migratory species (PFMC 2021c; also refer to Sections 3 and 4 for more detail on these managed species).

[ Essential Fish Habitat Habitat Areas of Particular
Concern (HAPC) are a subset of

EFH in which spatially discrete
B ARG for Pacihc habitat areas are considered to be
Coast Groundfish especially important ecologically
or particularly vulnerable to

degradation. HAPCs offshore
California are designated through
actions by the PFMC and are
intended to provide additional
focus for conservation efforts, but
they do not convey additional
restrictions or protections. HAPCs
e can cover a specific location (e.g.,
= Powered By Data Basin  ©2022 Consarvation Biology Insttuto @ a bank, ledge, or seamount, or a

spawning location) or they can
Figure 2.1. Essential Fish Habitat, EFH Conservation Areas, and Habitat Areas of cover habitat that is important for
Particular Concern in and near the MBWEA

B Essential Fish Habitat

D Morro Bay Wind Energy Area

a specific function that is found at
many locations such as nearshore
nursery areas (NOAA Fisheries 2021a). On the U.S. West Coast, HAPCs have been designated for Pacific
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coast groundfish, which overlaps with the MBWEA (Figure 2.1). These features correspond to areas of
rocky reefs and other hard substrate.

Essential Fish Habitat Conservation Areas (EFHCAs) are a component of EFH that are designated by
rulemaking. Only EFHCAs may be closed to specific types of fishing (NOAA Fisheries 2019a). As a
precautionary measure to mitigate the adverse effects of fishing on groundfish EFH, there is an EFHCA
that occurs seaward of a line approximating the 700-fathom (fm) isobath (1,280 m or 4,200 ft), which is
closed to bottom trawling to prevent the expansion of bottom trawling into areas where groundfish EFH
has not historically been adversely affected by bottom trawling. Starting in 2020, a Deep-sea Ecosystem
Conservation Area (DECA) was established that prohibits fishing with any gear that makes contact with
the seabed to protect deepwater habitats, including deep sea corals (NOAA Fisheries 2019a). This closure
includes all federal waters (from 3 to 200 nm) south of Mendocino Ridge, and west of approximately 1,900
fm (3,500 m or 11,483 ft). These and other EFHCAs are partially defined by depth-based boundary lines
that are intended to approximate particular depth contours. The boundary lines are typically defined
coast-wide and around islands, with a few exceptions, but may be used to define a closed area off just a
part of the coast. The Groundfish EFHCA is closed to bottom trawling and other types of bottom contact
gear to protect these habitat features (Dataset Table 2.8).

Included in the DECA is the Davidson Seamount, which is an underwater volcano and the only known
seamount in the vicinity of the MBWEA, but also one of the largest in U.S. waters. It is located about 121
km (75 mi) from the coast and west of the MBWEA. From base to crest, the seamount is 2,280 m (7,480
ft) tall, yet its summit is still 1,250 m (4,101 ft) below the surface. The seamount has also been designated
as the Davidson Seamount Management Zone (DSMZ), which is part of the Monterey Bay National Marine
Sanctuary. This 2,007 km?-area (775 mi?) supports coral and sponge habitat as well as deep-sea crabs, fish,
shrimp, basket stars, and other rare and unidentified benthic species (Monterey Bay National Marine
Sanctuary 2019).

Critical Habitat

Critical habitat is a designation under the ESA, defined by NOAA Fisheries as “areas that contain essential
physical or biological features important to the conservation of listed species and that may require special
management and protection.” Critical habitat may also be designated in areas outside of the geographic
boundaries of a species if the agency determines that these are also necessary for conservation. Federal
agencies must consult with NOAA Fisheries if they are to undertake or allow any action, such as the
development of offshore wind infrastructure, that may affect listed species or their designated critical
habitat. A Protected Resources App has been created to see where critical habitat has been designated
for an area (Dataset Table 2.10). The Protected Resources App displays spatial data for marine and
anadromous species listed under the ESA. The core datasets include the listed species’ ranges and
associated critical habitat. For this region around the MBWEA, the waters from Point Arena and
southward are critical habitat for leatherback sea turtles (Section 7). There is critical habitat for black
abalone (Section 3) and South-Central Coast steelhead salmon (see Section 4) in areas closer to shore

State of California Marine Protected Areas

San Luis Obispo County marine waters contain a number of California State Marine Reserves (SMR) and
State Marine Conservation Areas (SMCA; CDFW 2016). These are coastal marine protected areas (MPAs)
in state waters (within 3 nm or 5.5 km from shore) with various levels of protection. The SMR designation
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prohibits damage or take of all marine resources (living, geologic, or cultural) except under a scientific
collecting permit. The SMCA designation may allow some recreational and/or commercial take of marine
resources (restrictions vary). One visualization tool to show these MPAs and other fishing-restricted areas
is CDFW’s marine and coastal data viewer called Marine Biogeographic Information and Observation
System (BIOS; Dataset Table 2.11). MarineBIOS also provides a data layer that shows CDFW'’s
administrative boundaries for kelp canopy harvest leases in state waters. Kelp beds provide critical habitat
for many species of invertebrates, fish, and marine mammals. A nice feature of MarineBIOS is the ability
to add a user’s own data to products created in the portal.

General Status and Threats to Geology, Bathymetry, and Habitats

Earthquakes, landslides, liquefaction, tsunamis, slope instability, and biogenic gas are some of the hazards
that can impact the MBWEA site. The risks associated with these geologically hazardous and active regions
are mainly to the mooring and anchorage systems, as well as buried cables that would transmit power to
shore.

In a ranking of human-caused impacts on benthic habitats worldwide, Harris (2020) found the greatest
threat from fishing followed by pollution and litter, aggregate mining, oil and gas, coastal development,
tourism, cables, shipping, invasive species, climate change, and construction of wind farms.

In a recent benthic survey conducted inside and adjacent to the MBWEA, more than 255 pieces of
anthropogenic debris were seen dispersed throughout the 46.8 km (29 mi) of seafloor that was observed.
The items included metal, plastic, drinking containers, paint buckets, fabric, a shoe, fishing nets, fish traps,
rope, and a shipwreck (Kuhnz et al. 2021).

Data Gaps and Limitations

Fluid and gas hazards in the MBWEA remain difficult to assess. Additional analyses and sampling of
existing core data is needed to better understand pockmark formation processes and potential gas
accumulations in the area. Further analyses of the core data, including radiocarbon dating, stable isotope
analysis, and compositional analysis, are also needed to better understand the timing and sources of the
numerous sand deposits found throughout the area, which may have been transported downslope due
to mass wasting and/or earthquake shaking processes (Walton et al. 2021).

Very little detailed soil information is available and targeted site-specific seabed sampling is needed for
the MBWEA. Seabed sediment boundaries have also not been defined and correlated to known benthic
communities. Proposed wind energy projects would also need to collect core samples to assess the ability
of various substrates to retain anchor systems and other mooring configurations. Any rocky terrain or
steep slopes (greater than 10 degrees) would be difficult for anchor placements. These areas are often
found in the transition between the 1,000 m (3,281 ft) and 2,000 m (6,562 ft) isobaths (Bakhsh et al. 2020).

Summary Tables of Selected Geological, Bathymetric, and Habitat Datasets

Dataset Table 2.1. Bathymetry and seismic data offshore south-central California

Dataset Title Donated AUV bathymetry and Chirp seismic-reflection data collected during Monterey
Bay Aquarium Research Institute cruises in 2018-2019 offshore of south-central
California

Species/Resource Bathymetry
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Strength/Weakness

File Name

Data Type
Spatial Extent

Time Scale
Contact/Source
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Citation Info

Online Link

Metadata Link

This data release consists of donated AUV bathymetry and Chirp seismic-reflection data
collected using an autonomous underwater vehicle (AUV) in 2018 and 2019. The
collection of these data was funded entirely by the Monterey Bay Aquarium Research
Institute (MBARI), and the data have been donated to the U.S. Geological Survey
(USGS). The data were collected in collaboration with the USGS and the Bureau of
Ocean Energy Management (BOEM) and they are located in the same study area as the
collaborative California Deepwater Investigations and Groundtruthing | (Cal DIG 1)
project. The purpose of the overall Cal DIG | study is to assess shallow geohazards,
benthic habitats, and thereby the potential for alternative energy infrastructure
(namely floating wind turbines) offshore south-central California due to the study area's
proximity to power grid infrastructure associated with the Morro Bay power plant.

The AUV mapping navigation data has not been accurately positioned and is considered
as only partially processed. Users are advised to read the rest of the metadata record
carefully for additional details.

2021-604-DD_chirp_[various cruise dates]m1.zip

2021-603-DD_bathy_[various cruise dates]m1.zip

GeoTIFF raster file

West_Bounding_Coordinate: -121.918415

East_Bounding_Coordinate: -121.251260

North_Bounding_Coordinate: 35.826141

South_Bounding_Coordinate: 35.326362

Data Collected: April 25, 2018 — May 11, 2019

Published: Aug. 23, 2021 (updated as needed)

Guy R Cochrane, PhD, Research Geophysicist, USGS Pacific Coastal and Marine Science
Center, (831) 460-7554; gcochrane@usgs.gov

USGS-authored or produced data and information are in the public domain from the
U.S. Government and are freely redistributable with proper metadata and source
attribution. Please recognize and acknowledge the U.S. Geological Survey and
Monterey Bay Aquarium Research Institute (MBARI) as the originator(s) of the dataset
and in products derived from these data.

Kennedy, D.J., Walton, M.A.L., Cochrane, G.R., Paull, C., Caress, D., Anderson, K., and
Lundsten, E., 2021, Donated AUV bathymetry and Chirp seismic-reflection data
collected during Monterey Bay Aquarium Research Institute cruises in 2018-2019
offshore of south-central California: U.S. Geological Survey data release,
https://doi.org/10.5066/P97QM7NF

Data Release 10.5066/P97QM7NF - Data Releases - Coastal and Marine Geoscience
Data System (usgs.gov)

Metadata files are provided in the online link (above) and were divided by cruise.

Dataset Table 2.2. USGS Nearshore Geology and Geomorphology

Dataset Title

Species/Resource
Abstract

Offshore Geology and Geomorphology from Point Piedras Blancas to Pismo Beach, San
Luis Obispo County, California

Geology

Marine geology and geomorphology were mapped along the continental shelf and
upper slope between Point Piedras Blancas and Pismo Beach, California. The map area
is divided into the following three (smaller) map areas, listed from north to south: San
Simeon, Morro Bay, and Point San Luis. Each smaller map area consists of a geologic
map and the corresponding geophysical data that support the geologic mapping. Each
geophysical data sheet includes shaded-relief multibeam bathymetry, seismic-
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reflection-survey tracklines, and residual magnetic anomalies, as well as a smaller
version of the geologic map for reference. Offshore geologic units were delineated on
the basis of integrated analysis of adjacent onshore geology, seafloor-sediment and
rock samples, multibeam bathymetry and backscatter imagery, magnetic data, and
high-resolution seismic-reflection profiles. Although the geologic maps are presented
here at 1:35,000 scale, map interpretation was conducted at scales of between 1:6,000
and 1:12,000.

Sea level was approximately 120 to 130 m lower during the Last Glacial Maximum
(about 21 ka). This approximate depth corresponds to the modern shelf break, a lateral
change from the gently dipping (0.8° to 1.0°) outer shelf to the slightly more steeply
dipping (about 1.5° to 2.5°) upper slope in the central and northern parts of the map
area. South of Point San Luis in San Luis Bay, deltaic deposits offshore of the mouth of
the Santa Maria River (11 km south of the map area) have prograded across the shelf
break and now form a continuous low-angle (about 0.8°) ramp that extends to water
depths of more than 160 m. The shelf break defines the landward boundary of slope
deposits. North of Estero Bay, the shelf break is characterized by a distinctly sharp slope
break that is mapped as a landslide headscarp above landslide deposits. Multibeam
imagery and seismic-reflection profiles across this part of the shelf break show evidence
of slope failure, such as slumping, sliding, and soft-sediment deformation, along the
entire length of the scarp. Notably, this shelf-break scarp corresponds to a west splay of
the Hosgri Fault that dies out just north of the scarp, suggesting that faulting is
controlling the location (and instability) of the shelf break in this area.

Data extends only from the shelf to the upper slope
PointPiedrasBlancasToPismoBeachGIS.mxd.zip

TIFF and ESRI Shape file

North Latitude: 35°42' 3" N (35.7008)

South Latitude: 35° 4' 0" N (35.0667)

East Longitude: 120° 36' 0" W (-120.6000)

West Longitude: 121° 22' 0" W (-121.3667)

Data First Posted: May 19, 2015 ; Page Last Modified: December 1, 2016

U.S. Geological Survey, Pacific Coastal and Marine Science Center; 888-275-8747;
http://walrus.wr.usgs.gov/

These data are intended for science researchers, students, policy makers, and the
general public. These data can be used with geographic information systems or other
software to aid in assessments and mitigation of geologic hazards in the central
California coastal region and to provide sufficient geologic information for land-use and
land-management decisions both onshore and offshore.

Watt, J.T., Johnson, S.Y., Hartwell, S.R., and Roberts, M., 2015, Offshore geology and
geomorphology from Point Piedras Blancas to Pismo Beach, San Luis Obispo County,
California: U.S. Geological Survey Scientific Investigations Map 3327, pamphlet 6 p., 6
sheets, scale 1:35,000, https://dx.doi.org/10.3133/sim3327.
https://pubs.usgs.gov/sim/3327/sim3327 data.html
https://pubs.usgs.gov/sim/3327/sim3327 metadata.html

Dataset Table 2.3. California Seafloor Mapping Program

Dataset Title
Species/Resource

California State Waters Map Series Data Catalog--Point Sur to Point Arguello Region
Geological information
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In 2007, the California Ocean Protection Council initiated the California Seafloor Mapping
Program (CSMP), designed to create a comprehensive seafloor map of high-resolution
bathymetry, marine benthic habitats, and geology within the 3-nautical-mile limit of
California's State Waters. The CSMP approach is to create highly detailed seafloor maps
and associated data layers through the collection, integration, interpretation, and
visualization of swath sonar data, acoustic backscatter, seafloor video, seafloor
photography, high-resolution seismic-reflection profiles, and bottom-sediment sampling
data. CSMP has divided coastal California into 110 map blocks, each to be published
individually as USGS Scientific Investigations Maps (SIMs) at a scale of 1:24,000. The map
products display seafloor morphology and character, identify potential marine benthic
habitats, and illustrate both the seafloor geology and shallow (to about 100 m)
subsurface geology.

This part of DS 781 presents data for the transgressive contours of the Point Sur to Point
Arguello, California, region. The vector data file is included in the
“TransgressiveContours_PointSurToPointArguello.zip,” which is accessible from
https://doi.org/10.5066/P97CZ0T7. As part of the USGS's California State Waters
Mapping Project, a 50-m grid of sediment thickness for the seafloor within the 3-nautical
mile limit between Point Sur and Point Arguello was generated from seismic-reflection
data collected between 2008 and 2014, and supplemented with geologic structure (fault
and fold) information following the methodology of Wong (2012). Water depths
determined from bathymetry data were added to the sediment thickness data to provide
information on the depth to base of the post-LGM unit.

Reference Cited: Wong, F. L., Phillips, E.L., Johnson, S.Y., and Sliter, R.W., 2012, Modeling
of depth to base of Last Glacial Maximum and seafloor sediment thickness for the
California State Waters Map Series, eastern Santa Barbara Channel, California: U.S.
Geological Survey Open-File Report 2012-1161, 16 p. (available at
https://pubs.usgs.gov/of/2012/1161/).

None noted

PointSurToPointArguelloGIS.mxd.zip

TIF files

West_Bounding_Coordinate: -121.986979

East_Bounding_Coordinate: -120.063148

North_Bounding_Coordinate: 36.363842

South_Bounding_Coordinate: 34.352666

Data first posted July 15, 2019; Collection and processing beginning from June 9, 2009
and ending on August 2, 2014 (progress is complete)

U.S. Geological Survey, Pacific Coastal and Marine Science Center (PCMSC) Science Data
Coordinator; 831-427-4747; pcmsc_data@usgs.gov

SGS-authored or produced data and information are in the public domain from the U.S.
Government and are freely redistributable with proper metadata and source attribution.
Please recognize and acknowledge the U.S. Geological Survey as the originator of the
dataset and in products derived from these data.

Johnson, Samuel Y., Stephen R. Hartwell, Janet T. Watt, Jeffrey W. Beeson, and Peter
Dartnell. 2018. Offshore Shallow Structure and Sediment Distribution, Point Sur to Point
Arguello, Central California. Open-File Report 2018-1158.
https://doi.org/10.3133/0fr20181158
https://cmgds.marine.usgs.gov/data/csmp/PointSurToPointArguello/data catalog Point
SurToPointArguello.html

https://pubs.usgs.gov/of/2018/1158/0fr20181158 metadata.html
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Dataset Table 2.4. Coastal Faults from Point Sur to Point Arguello

Dataset Title
Species
Abstract

Quality/Value
File Name

Data Type
Spatial Extent

Time Scale
Contact/Source

License/Use
Restrictions

Citation Info

Online Link
Metadata Link

Faults—Point Sur to Point Arguello, California

Geological information in state waters only

Faults in the Point Sur to Point Arguello region are identified on seismic-reflection data
based on abrupt truncation or warping of reflections and (or) juxtaposition of reflection
panels with different seismic parameters such as reflection presence, amplitude,
frequency, geometry, continuity, and vertical sequence. Faults were primarily mapped by
interpretation of seismic reflection profile data collected by the U.S. Geological Survey
between 2008 and 2014. This information is to support assessments and mitigation of
geologic hazards in the Point Sur to Point Arguello coastal region and to provide
sufficient geologic information for land-use and land-management decisions both
onshore and offshore.

The data points from seismic-reflection profiles are dense along tracklines (about 1-2 m
apart) and sparse between tracklines (typically 800-1,000 m apart).
https://www.sciencebase.gov/catalog/file/get/5c91388de4b09388245480d7?facet=Faul
ts_PointSurToPointArguello

Vector data file

West_Bounding_Coordinate: -121.017950

East_Bounding_Coordinate: -120.480933

North_Bounding_Coordinate: 36.241228

South_Bounding_Coordinate: 34.483508

2008 - 2014

U.S. Geological Survey, Pacific Coastal and Marine Science Center (PCMSC) Science Data
Coordinator (831) 427-4747; pcmsc_data@usgs.gov

The public domain data from the U.S. Government are freely redistributable with proper
metadata and source attribution. Please recognize the U.S. Geological Survey as the
originator of the dataset.

Johnson, S.Y., Hartwell, S.R., Watt, J.T., Beeson, J.W., Dartnell, P., and Cochran, S.A.,
2019, Faults—Point Sur to Point Arguello, California, in Golden, N.E., compiler, 2013,
California State Waters Map Series Data Catalog

https://pubs.usgs.gov/ds/781/
https://www.sciencebase.gov/catalog/file/get/5c91388de4b09388245480d7?name=Faul
ts PointSurToPointArguello metadata.txt&allowOpen=true

Dataset Table 2.5. Potential Earthquake, Landslide, Tsunami and Geo-hazards

Dataset Title

Species/Resource

Abstract

Potential Earthquake, Landslide, Tsunami and Geo-hazards for the U.S. Offshore Pacific
Wind Farms

Benthic geo-hazards

This study/website was developed by RPS and was funded by the Bureau of Ocean
Energy Management (BOEM), U.S. Department of the Interior, Washington, D.C., under
Contract 140M0119C0004. Earthquakes, landslides, liquefaction, tsunamis, slope
instability, and biogenic gas are some of the hazards that can impact the floating offshore
wind farms located off the coasts of California, Oregon, and Hawaii, as they are located in
geologically hazardous and active regions. The risks are mainly to the mooring and
anchorage systems, as well as buried cables that transmit the power to shore. The BOEM
funded Solicitation No. E17PS00128 to assess the potential threats to wind energy
development off the U.S. Pacific coast, including catastrophic geohazards (e.g., seismic
activities, landslides, and tsunamigenic earthquakes), gas plumes, liquefaction, and
turbidity currents, and the effect on the mooring and anchorage system and buried cable
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due to geohazards. This evaluation of geohazards is designed to aid in selecting suitable
sites for Floating Offshore Wind Farms (FOWF) with the focus on areas already
designated as potential lease sites using the best available science, so that potential
impacts are understood to the greatest extent possible. The main goal of the study is to
provide an understanding of geohazards risks in areas under analysis for the
development of FOWF using a geospatial planning approach by providing a guideline on
most important geohazards and how they might affect the performance of FOWF. This
website provides publicly available datasets of geological and geophysical seabed and
soil conditions, ground acceleration and bathymetry slope in the region that are analyzed
in form of geospatial raster maps and used in the study. These spatially varying datasets
are then weighted and overlaid to determine suitability of the area and define exclusive
area that might have more risk for installation of FOWF. It should be noted these maps
serve just as a guideline based on publicly available datasets.

BOEM strongly encourages review of the full report including current practices regarding
the geologic hazards posing risks to components of FOWF, a literature review on
approaches and standards applicable to the siting and engineering processes associated
with floating offshore structures, and the geohazards off the U.S. West Coast and Hawaii
that may directly or indirectly affect the FOWF, and the data analysis for developing
geospatial indexing of suitability maps.

No legend appears on the mapping product, so the color-coding schema is not known for
geology and seabed type.

N/A

The geospatial data are not available, but visualizations of the different wind energy
areas can be generated online through BOEM'’s interactive mapping interface.

Five floating offshore wind farm areas in Hawaii (Oahu North and Oahu South) and
California (Humboldt, Morro Bay and Diablo Canyon).

Various dates depending on the data source. See Appendix A in: http://boem-
oceansmap.s3-website-us-east-1.amazonaws.com/reports/final report.pdf

Jennifer Miller, BOEM Office of Renewable Energy Program; (805) 384-6306;
jennifer.miller@boem.gov

Publicly accessible

Bakhsh T, Monim M, Simpson K, Lapierre T, Dahl J, Rowe J, Spaulding M. 2020. Potential
earthquake, landslide, tsunami, and geohazards for the U.S. offshore Pacific Wind Farms.
Kingstown, RI: U.S. Department of the Interior, Bureau of Ocean Energy Management.
OCS Study BOEM 2040-040. 127 p.
http://boem-oceansmap.s3-website-us-east-1.amazonaws.com/reports/final report.pdf

Various sources. See Appendix A in: http://boem-oceansmap.s3-website-us-east-
1.amazonaws.com/reports/final report.pdf

Dataset Table 2.6. Multibeam Acoustic Backscatter and Bathymetry Data

Dataset Title

Species/Resource
Abstract

Multibeam acoustic-backscatter and bathymetry data from offshore of south-central
California in support of the Bureau of Ocean Energy Management Cal DIG I, offshore
alternative energy project

Bathymetry and habitat

Coastal and Marine Ecological Classification Standard (CMECS) geoform, substrate, and
biotic component (also known as "biotope") GIS products were developed for the U.S.
Exclusive Economic Zone of south-central California motivated by interest in
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development of offshore wind energy capacity and infrastructure. The lead agency
responsible for planning and leasing in the Exclusive Economic Zone, the U.S. Bureau of
Ocean Energy Management (BOEM), funded the acquisition of these data to assess
baseline conditions of the seafloor environment. The surveys for the multibeam acoustic-
backscatter and bathymetry data were conducted to map surficial geology and benthic
habitat as part of the USGS/BOEM Interagency Agreement M17PG0021 titled California
Deepwater Investigations and Groundtruthing | (Cal DIG I). These data are intended to
provide regional surficial geology and benthic habitat information in an area of interest
for offshore wind energy development. These data are also intended for science
researchers, students, policy makers, and the general public. These data can be used
with geographic information systems or other software to help identify geomorphologic
features and surficial lithology.

None noted

Cal_DIG_|_Backscatter_10m.zip

Cal_DIG_|_Bathymetry_10m.zip

TFW

West_Bounding_Coordinate: -121.996378

East_Bounding_Coordinate: -120.792132

North_Bounding_Coordinate: 35.901422

South_Bounding_Coordinate: 34.516318

Published: Jan. 8, 2022; Data Collected: Aug. 27, 2018 — Sept. 27, 2019

Guy R Cochrane, PhD, Research Geophysicist, Pacific Coastal and Marine Science Center
(831-460-7554; gcochrane@usgs.gov) or Peter Dartnell, Physical Scientist, Pacific Coastal
and Marine Science Center (831-460-7415; pdartnell@usgs.gov)

USGS-authored or produced data and information are in the public domain from the U.S.
Government and are freely redistributable with proper metadata and source attribution.
Please recognize and acknowledge the U.S. Geological Survey and the Alaska Department
of Fish and Game as the originators of the dataset and in products derived from these
data. This information is not intended for navigation purposes.

Walton MAL, Paull CK, Cochrane G, Addison J, Caress D, Gwiazda R, Kennedy D, Lundsten
E, Papesh A. 2021. California Deepwater Investigations and Groundtruthing (Cal DIG) I,
Volume 2: Fault and Shallow Geohazard Analysis Offshore Morro Bay. Camarillo (CA):
U.S. Department of the Interior, Bureau of Ocean Energy Management. OCS Study BOEM
2021-044. 56 p.California Deepwater Investigations and Groundtruthing (Cal DIG) |,
Volume 2: Fault and Shallow Geohazard Analysis Offshore Morro Bay (boem.gov)
https://cmgds.marine.usgs.gov/data-releases/datarelease/10.5066-P9QQZ27U/
Multibeam acoustic backscatter:
https://cmgds.marine.usgs.gov/data-releases/media/2021/10.5066-
P9QQZ27U/e584c0900e534eb38ef5e78d8a9c5b3c/Cal DIG | Backscatter 10m Metada
ta.txt

Multibeam acoustic bathymetry:
https://cmgds.marine.usgs.gov/data-releases/media/2021/10.5066-
P9QQZ27U/92382a17a34b4b1c81ab96f7c23524c7/Cal_DIG | Bathymetry 10m_Metada
ta.txt

Dataset Table 2.7. Ocean Color Data

Dataset Title
Species/Resource

NASA Ocean Color Data
Ocean Biology
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NASA's Ocean Biology Processing Group (OBPG) supports the collection, processing,
calibration, validation, archive and distribution of ocean-related products from a
number of space missions that are supported within the framework and facilities of the
NASA Ocean Data Processing System (ODPS) which has been successfully supporting
operational, satellite-based remote-sensing missions since 1996. The OBPG serves as a
Distributed Active Archive Center (OB.DAAC), responsible for archiving satellite ocean
biology data produced or collected under NASA's Earth Observing System Data and
Information System (EOSDIS).

Ocean Level-3 Standard Mapped Image (SMI) products are image representations of
binned data products. The standard SMI products are generated from binned data
products, one for each of the following geophysical parameters: chlorophyll a
concentration, angstrom coefficient, normalized water-leaving radiance at each visible
wavelength, aerosol optical thickness, epsilon, and diffuse attenuation coefficient at
490 nm. For MODIS, products are generated for sea surface temperature (SST), 4
micron SST (SST4) and nighttime SST (NSST). MODIS Chlorophyll-a Concentration Level 3
data can be found at http://oceancolor.gsfc.nasa.gov/cgi/I3.

Searching for data requires users to login to the OceanColor Web's data access points
using their Earthdata Login credentials in order to download any products. Although this
extra step has been imposed on download operations, OB.DAAC data remains free and
open to the public.

The Area of Interest appears to be called “OCDryTrt” when bounded by the parameters
of 35.8N and 34.5N and 121.9W and 121.0W

Varies

Worldwide

Varies

Sean Bailey, NASA OceanColor Webmaster, webadmin@oceancolor.gsfc.nasa.gov

This dataset is intended for public access and use.

Refer to data files (see: https://oceancolor.gsfc.nasa.gov/citations/)
https://oceandata.sci.gsfc.nasa.gov/
https://oceancolor.gsfc.nasa.gov/docs/obpg dmp.pdf

Dataset Table 2.8. Conductivity, Depth and Temperature Data

Dataset Title

Species/Resource
Abstract

Strength/Weakness

CTD profiles and discrete water-column measurements collected off California and
Oregon during NOAA cruise SH-18-12 (USGS field activity 2018-663-FA) from October to
November 2018 (ver. 2.0, September 2021)

Water quality

These data were collected as part of the on-going Expanding Pacific Research and
Exploration of Submerged Systems (EXPRESS) project, a multi-year, multi-institution
cooperative research campaign in deep sea areas of California, Oregon, and
Washington, including the continental shelf and slope. EXPRESS data and information
are intended to guide wise use of living marine resources and habitats, inform ocean
energy and mineral resource decisions, and improve offshore hazard assessments. The
ultimate goal of EXPRESS is to develop comprehensive digital elevation models, habitat
maps, and geologic maps, which are needed to address important issues associated
with marine spatial planning, ecosystem assessments, geohazards, and the impact on
sensitive ecosystems of offshore infrastructure development. This particular NOAA
cruise focused on deep-sea corals, sponges, and associated habitats.

None noted
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File Name
Data Type
Spatial Extent

Time Scale

Contact/Source

License/Use
Restrictions

Citation Info

Online Link
Metadata Link

SH-18-12_BTL_CTD_v.2.0_data.csv

Ccsv

West boundary: -124.9152

East boundary: -119.3453

North boundary 44.6653

South boundary 33.1300

Beginning date: October 12, 2018; Ending date: November 7, 2018

PCMSC Science Data Coordinator, Miranda C Baker, PCMSC Science Data Coordinator;
mbaker@usgs.gov

USGS-authored or produced data and information are in the public domain from the
U.S. Government and are freely redistributable with proper metadata and source
attribution. Please recognize and acknowledge the U.S. Geological Survey, Bureau of
Ocean Energy Management (BOEM), and the National Oceanic and Atmospheric
Administration (NOAA) as the originators of the dataset and in products derived from
these data.

Prouty, N.G., and Baker, M.C., 2021, CTD profiles and discrete water-column
measurements collected off California and Oregon during NOAA cruise SH-18-12 (USGS
field activity 2018-663-FA) from October to November 2018 (ver. 2.0, September 2021):
U.S. Geological Survey data release, https://doi.org/10.5066/P99DIQZ5
https://www.sciencebase.gov/catalog/item/5ed8182382ce7e579¢670060
https://www.sciencebase.gov/catalog/item/5ed8182382ce7e579c670060

Dataset Table 2.9. Essential Fish Habitat Mapper

Dataset Title
Species/Resource
Abstract

Strength/Weakness

Essential Fish Habitat (EFH) Mapper
Habitat areas essential for fish and areas protected from fishing
This mapping application provides an interactive platform for viewing spatial boundaries
of EFH, or those habitats that NOAA Fisheries and the regional fishery management
councils have identified and described as necessary to fish for spawning, breeding,
feeding, or growth to maturity. Data layers available for viewing in the EFH Mapper
include:

e  Essential Fish Habitat (EFH)

e Habitat Areas of Particular Concern (HAPCs)

e EFH areas protected from fishing
This data uses methodologies that reflected regional differences in both source data and
management needs. Because of the variability in quality and intended use of these GIS
data layers, each should be considered individually when interpreting the accuracy and
utility of the information they provide. Please be sure to view the EFH data inventory and
read the information under Data Quality, to fully understand the usage constraints for
each data layer and the completeness and accuracy of the information the EFH Mapper
provides.
The EFH Mapper contains areas of EFH and other areas that are protected from fishing as
well as certain base maps, but it does not appear to have a method for uploading other
datasets, such as the wind energy areas, into the EFH Mapper.

The data for Deep-Sea Ecosystem Conservation Areas (established in 2020) do not
appear to be available yet on the EFH Mapper tool.

The EFH Mapper includes other data disclaimers such as that data for the Pacific Region
are based on previous compilation efforts (e.g., groundfish data are from 2006) and do
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File Name

Data Type
Spatial Extent

Time Scale
Contact/Source
License/Use
Restrictions
Citation Info

Online Link
Metadata Link

not necessarily reflect current habitat conditions. It is especially important to be aware of
the data limitations when viewing HAPC boundaries. As a result, the data as represented
in the Mapper, should not be relied upon for impact assessments related to individual
projects.

https://www.habitat.noaa.gov/application/efhinventory/index.html (select download
button under the West Coast region)

SHP file

The boundaries of each area are defined by straight lines connecting a series of latitude
and longitude coordinates and other regulatory boundaries.

Not specified

EFH.Mapper@noaa.gov

Publicly available information as long as information obtained from the use of the site is
used for general reference purposes only

NOAA Fisheries, 2021. Essential Fish Habitat.
https://www.fisheries.noaa.gov/national/habitat-conservation/essential-fish-habitat.
https://www.habitat.noaa.gov/apps/efhmapper/

XML documents containing the metadata are located at:
https://www.habitat.noaa.gov/application/efhinventory/index.html. Then click on the
“download data” button for the West Coast region.

Dataset Table 2.10. Protected Resources App

Dataset Title
Species/Resource
Abstract

Strength/Weakness

Protected Resources App

Endangered species

The Protected Resources App displays spatial data for marine and anadromous species
listed under the Endangered Species Act (ESA). The core datasets, managed by the
Protected Resources Division of NOAA Fisheries’ West Coast Region, are ESA-listed
species’ ranges and critical habitat. These datasets are intended to assist the public and
our partners with visually interpreting federal regulations. However, these data do not
constitute legal definitions. Please refer to NOAA Fisheries’ Federal Register rules and
the Code of Federal Regulations for legal definitions of threatened or endangered
species and critical habitat. Under the Endangered Species Act, the term “species” can
refer to a taxonomic species, subspecies, Distinct Population Segment (DPS), or an
Evolutionarily Significant Unit (ESU) for a DPS of Pacific salmon. Salmon ESUs and
steelhead DPSs are depicted as ranges using watershed polygons that circumscribe
important spawning, rearing, and migration habitats. ESA critical habitat is depicted as
lines to represent protected rivers and streams and as polygons to represent protected
waterbodies, marine areas, estuaries, marshes, etc. There are habitat areas displayed in
these data that are excluded from critical habitat due to overlaps with tribal lands,
Department of Defense lands, Habitat Conservation Plans, or they were economic
exclusions. Exclusions were not always clipped out of the data. For an exact description
of exclusions and any other areas not included in critical habitat, please refer to Federal
Register final rules.

Strengths — the app allows CSV datasets to be uploaded as additional layers. Attributes
Tables provide additional information and notes on such things as the Federal Register
notices, the dates of publication, and description of the area designated as critical
habitat.

Weaknesses — not all ESA-listed species and critical habitat under the jurisdiction of
NOAA Fisheries are displayed. Only those within the West Coast Region that have
available data are displayed. Also, it does not appear that the colors given for each data
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Citation Info
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layer can be changed so it can be difficult to discern overlapping coverage of different
species.

NMFS_WCR_ESA_Critical_Habitat_20211221_gdb

Vector and text data

W° Bound:-129.2

E° Bound:-117

N° Bound:48.6

S° Bound:30.4

Published December 21, 2021. Update frequency: as needed.

Shanna Dunn National Marine Fisheries Service (NMFS), West Coast Region;
shanna.dunn@noaa.gov

These spatial data are not the official legal definitions of critical habitat. Proposed rules,
final rules, and the Code of Federal Regulations (50 CFR 226) are the official sources of
critical habitat.

Not applicable
https://www.webapps.nwfsc.noaa.gov/portal/apps/webappviewer/index.html?id=7514
c715b8594944a6e468dd25aaacc9

https://www.fisheries.noaa.gov/inport/item/21151

Dataset Table 2.11. Marine Protected Areas

Dataset Title
Species/Resource
Abstract

Strength/Weakness

File Name
Data Type
Spatial Extent

Time Scale

Contact/Source
License/Use
Restrictions

MarineBIOS (Biogeographic Information and Observation System)

Marine Protected Areas

The California Department of Fish and Wildlife offers an interactive map for referencing
relevant marine resource planning data. This tool, which is built on the latest version of
BIOS, is a great place for looking up the boundaries and regulations of marine protected
areas or investigating the attributes of benthic and intertidal habitat information.

BIOS integrates GIS, relational database management, and ESRI's ArcGIS Server
technology to create a statewide, integrated information management tool that can be
used on any computer with access to the Internet.

In addition to the data in the viewer, users may add external data services for use within
the map viewer.

Not applicable

Digital map

West -124.632018

East -116.738089

North 42.074041

South 32.494430

Publication date February 24, 2016; data include all of California's marine protected
areas (MPAs) as January 1, 2019

Biogeographic Data Branch, BIOL Lead Joel Boros; (916) 445-2438; BIOS@wildlife.ca.gov
The State makes no claims, promises or guarantees about the absolute accuracy,
completeness, or adequacy of the contents of this web site and expressly disclaims
liability for errors and omissions in the contents of this web site. No warranty of any
kind, implied, expressed or statutory, including but not limited to the warranties of non-
infringement of third-party rights, title, merchantability, fitness for a particular purpose
and freedom from computer virus, is given with respect to the contents of this web site
or its hyperlinks to other Internet resources. Reference in this web site to any specific
commercial products, processes, or services, or the use of any trade, firm or corporation
name is for the information and convenience of the public, and does not constitute
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endorsement, recommendation, or favoring by the State of California, or their
employees or agents.

Citation Info

State of California Department of Fish and Wildlife, Marine Region GIS Lab

Online Link

https://apps.wildlife.ca.gov/marine

Metadata Link

https://wildlife.ca.gov/Data/BIOS/Dataset-Index
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SECTION 3. INVERTEBRATES INCLUDING LIVE BOTTOM HABITAT

The structure and composition of deepwater marine benthic invertebrates vary widely depending on a
number of factors including substrate type and depth. Soft sediments generally have a low diversity and
contain a more resilient biological community comprised of opportunistic species. Depth is considered
the primary variable to determine macrofaunal invertebrate species distribution with subsequent
distinctions related to grain size, while the number of species per grab (richness) and the number of
organisms per grab (abundance) also tend to decline with depth (Henkel et al. 2020). The following
describes the types of benthic and pelagic organisms that are likely to occur in deepwater regions offshore
California, some of which are commercially and recreationally harvested.

Deep-sea corals and sponges form important but sparse live bottom habitats in deep oceanic waters.
Octocorals, black corals, and sponges off the West Coast create structure for numerous invertebrate
species and are strongly associated with rockfishes (Poti et al. 2020). The most abundant are the soft
corals called pennatulaceans or “sea pens,” which include 28 species that are known to occur along the
U.S. West Coast. They range from the slender sea pen (Stylatula elongata) in very shallow waters, to the
droopy sea pen (Umbellula lindahli) that can be found in water depths to 4,000 m (13,123 ft; Poti et al.
2020). Whitmire et al. (2020) provide a listing of deep-sea coral taxa known to occur off California along
with their depth distributions.

Euphausiid crustaceans (krill) form the key food source for much of the marine life along the U.S. West
Coast. Krill are well-known indicators of population demographics for many top predators of birds, marine
mammals, and fishes. Two species of krill (Euphausia pacifica and Thysanoessa spinifera) form particularly
large aggregations, while another six species are typically more dispersed. Krill growth and reproduction
are closely linked with changes in upwelling and large-scale transfer of ocean waters to the shelf (Fiechter
et al. 2020). Areas along the shelf break and within submarine canyons have been found to be krill
“hotspots,” primarily for E. pacifica (Santora et al. 2018, Cimino et al. 2020).

Spot prawn (Pandalus platyceros) range from Alaska to San Diego, California, in depths from 46 to 488 m
(150 to 1,600 ft). A spot prawn trap fleet operates from just north of Monterey Bay to southern California.
Traps are set in water depths of 122 to 305 m (400 to 1,000 ft) along submarine canyons or along shelf
breaks.

Pink shrimp (Pandalus jordani), also called ocean shrimp, are generally found in depths of 46 to 366 m
(150 to 1,200 ft) in muddy-sand habitats. Young-of-the-year (YOY) shrimp drift in plankton for up to eight
months before settling to the bottom. Adults aggregate near the seabed during the day and ascend the
water column at night to feed. High concentrations of pink shrimp annually occur in well-defined areas,
or beds, which are generally in areas of sandy mud bottoms. It is believed that high fluctu