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Executive Summary
Why a Marine Spatial Plan?

The marine waters along Washington’s Pacific Coast contain abundant natural resources and
diverse habitats that support biological diversity and resilience of the marine ecosystem. These
resources support multiple public uses that benefit the economies and cultures of nearby
communities as well as the entire state. The citizens of Washington, as well as the Native
American tribes that have rich histories and treaty-protected interests along the coast, strongly
depend upon marine resources and will continue to do so into the future.

Potential new ocean uses such as offshore wind energy or offshore aquaculture could adversely
affect these important ocean resources and uses. Multiple, overlapping jurisdictions and
authorities create additional challenges for coordinated decision-making and proactive planning.

The Marine Spatial Plan (MSP) for Washington’s Pacific Coast helps address these challenges
by providing a tool to protect ocean resources and uses, to guide potential applicants as they
develop proposals for new ocean uses, and to assist state agencies and others in evaluating and
engaging in those proposals more effectively.

The Marine Spatial Plan Study Area

The MSP Study Area consists of marine waters of the Pacific Ocean adjacent to Washington’s
coastline from the intertidal zone out to the continental slope. It extends from ordinary high
water on the shoreward side out to a water depth of 700 fathoms (4,200 feet) offshore and from
Cape Flattery on the north of the Olympic Peninsula south to Cape Disappointment at the Mouth
of the Columbia River. The Study Area includes two large estuaries: Grays Harbor and Willapa
Bay. It covers approximately 480 nautical miles of coastline and spans 5,839 square nautical
miles (7,732 square statute miles).

The northern coastal portion of the Study Area contains mostly rocky coast with several coastal
rivers, rocky outcrops, and pocket beaches. The northern portion of the Study Area overlaps with
the Usual and Accustomed Areas of four treaty tribes and the Olympic Coast National Marine
Sanctuary. Adjacent uplands are rural, consisting mostly of Olympic National Park land and
tribal reservations of the Makah, Quileute, and Hoh tribes and the Quinault Indian Nation.

The southern coastal portion of the Study Area generally has sandy beaches and includes Willapa
Bay and Grays Harbor. Several small cities and towns are located along the southern coast, as
well as the Shoalwater Bay Tribe’s reservation. Uplands in the southern area are largely

managed private and public timber lands and agriculture.

Washington’s Pacific Coast is rural and less developed than other areas of the state. Coastal

communities in this area are very dependent on natural resources, recreation, and tourism.
Studies conducted as part of the planning process gathered information on existing ocean uses,
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including participation rates in ocean uses, patterns of use, current and future trends, and the

contribution of ocean uses to the coastal and state economies. Some summary statistics include:

e In 2014, commercial (non-tribal) fisheries landed a total of 129 million pounds into
Washington’s coastal ports with an ex-vessel value of $93 million. 700 commercial vessels
participated in fisheries landings in the Study Area, with 299 vessels licensed in Clallam,
Grays Harbor, Jefferson, Pacific, or Wahkiakum County.

e Commercial (non-tribal) fishing and primary seafood processing support 1,820 total jobs and
$77 million in total labor income in coastal counties adjacent to the MSP study area. Their
total statewide contribution is 2,830 jobs and $117 million in labor income.

e Annual recreational fishing effort in the study area, between 2003 and 2014, averaged 47,000
trips on charter vessels and another 98,000 trips on private vessels. In 2014, trip-related
expenditures for coastal recreational fishing generated over $30 million in coastal spending,
supported 325 jobs in coastal counties, and contributed $17 million in labor income.

o Shellfish aquaculture in Pacific and Grays Harbor counties provides an estimated 572 direct
jobs, supports 847 total jobs, and generates $50 million in total labor income in the coastal
region alone.

e Washington residents took an estimated 4.1 million trips to Washington’s coast in 2014, with
nearly 60 percent indicating their primary purpose was recreation. These trips generated an
estimated $481 million in expenditures. In the coastal study area, recreation trip-related
spending by Washington residents is estimated to support 4,725 jobs and $196.8 million in
labor income within the coastal economy.

e Recreational razor clamming generates between 275,000 and 460,000 digger trips each
season and provides between $25 million and $40 million in tourist-related income to coastal
communities.

e The MSP Study Area supports shipping and trade, particularly ship traffic among ports along
the West Coast and from ports in Washington across the Pacific Ocean to countries in Asia.
The Port of Grays Harbor’s marine cargo activities supports 1,524 total jobs (including 574
direct jobs) and generates over $130 million in total income.

e Washington State hosts a large military presence with over 46,000 active duty military
personnel, including 10,000 active duty Navy (2016). Due to the large military installations
nearby in Puget Sound, the US Navy actively trains and tests in the MSP Study Area.

Existing Patterns of Uses and Resources

To improve understanding of the Study Area, many planning projects gathered and developed
data on patterns and intensity of existing ocean uses and resources. These data are displayed in
over 50 individual plan maps (Appendix A) and in an online, interactive mapping tool
(www.msp.wa.gov). Geospatial (GIS) analyses were conducted to aggregate and further explore
the combined patterns in the data, including ecological modelling of seabirds and marine
mammals, an Ecologically Important Areas analysis, and a Use Analysis (see Chapter 3 for more
details).

Figure 1 below displays a combination of existing high intensity uses by commercial and
recreational fishing (non-tribal), shipping, known cultural sites, and recreation. Areas of high
ecological importance are also included in the figure (also referred as ecologically important area
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“hotspots™). Everywhere within the Study Area is highly used by at least 1 to 3 existing ocean
uses or resources. Most of the Study Area is highly used by at least 4 and up to 14 existing uses
or resources. In particular, the most heavily used areas include the continental shelf break, the
Juan de Fuca Canyon in the north, and much of the southern area from the nearshore to about 15-
20 miles offshore, especially near the entrances to Grays Harbor and the Columbia River.
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Uses in the MSP Study Area
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Figure 1 - Number of Existing High Intensity Uses in the MSP Study Area
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What’s in the plan? How to use the plan?

The MSP provides information and guidance intended for use throughout the development of
new ocean use proposals along Washington’s Pacific Coast. It assists agencies and others in
evaluating and engaging in proposals for new ocean uses and guides potential applicants as they
develop those proposals.

The draft plan provides:

e Guidance for new ocean uses along Washington’s Pacific coast, such as renewable energy
projects and offshore aquaculture.

e Baseline data on coastal uses and resources to capture current conditions and future trends.

¢ Requirements and recommendations for evaluating new ocean uses through different phases
of project review, consistent with existing laws and regulations.

e Recommendations to protect important and sensitive ecological areas and existing uses like
fishing.

The information in the MSP will also assist the state in reviewing and influencing federal
activities that may affect Washington’s ocean resources or uses, including those proposed in
federal waters.

How to use the plan

The plan’s information provides potential new ocean use applicants, governments, and others

with the ability to:

e Understand other known activities, resources, interests, designations, and authorities that may
conflict with or complement a proposal.

e |dentify appropriate parties to discuss the proposal with prior to submitting an application.

e Understand issues, information, effects, and requirements to be addressed during the project
review process.

e ldentify potential ways to avoid, minimize, and mitigate adverse impacts to marine resources
or existing ocean uses, including alternative locations and configurations of projects.

The MSP also provides a wealth of baseline information that may be helpful to a variety of
people or groups interested in understanding Washington’s Pacific Coast, conducting further
research or monitoring on specific topics, assessing future changes in conditions, or performing
other types of planning.

Outline of Plan Contents

The plan’s major sections include:

e Anoverview, including purpose, scope, planning process and background on federal and
tribal management in the MSP Study Area (Chapter 1).

e A summary of current conditions and trends of the MSP Study Area, including: ecology,
socio-economics, archeological and historic resources, existing ocean uses, and potential new
ocean uses (Chapter 2).

e Details about spatial analyses including methods and outputs examining ecology and human
uses in the Study Area (Chapter 3).
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A MSP management framework that covers process and substantive requirements tied to
existing state laws and policies (Chapter 4). It provides overall guidance and
recommendations for applicants, agencies and third parties on using the plan in practice,

including:
o]

(0}

(0}

(0]

Identifying ecologically-sensitive resources in state waters to protect from adverse
effects of offshore development.

Defining policies in state waters to protect fisheries from long-term significant
adverse impacts of offshore development and to ensure all reasonable steps are
taken to avoid and minimize adverse impacts to fisheries.

Detailing the data, information, and plans necessary for proposed projects.
Specifies the effects to people, communities, and the environment that need to be
evaluated, including state standards and policies that need to be met.

Creating a process for enhanced coordination with stakeholders and among
governments.

Evaluating projects on a case-by-case basis. Recommending industrial-scale
renewable energy development as likely incompatible in state waters.

Issues and recommendations on the plan provided by the Washington Coastal Marine
Advisory Council (Chapter 5).

Maps and appendices including maps of existing ocean uses and ocean resources and more
detailed information (Appendices).
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Chapter 1: Introduction

1.1 Purpose and Need for the Marine Spatial Plan

The marine waters along Washington’s Pacific Coast host abundant natural resources and
a wide diversity of species and habitats. These ocean resources support multiple uses that are
vital to the economy and social fabric of nearby communities and the entire state, such as fishing,
recreation, and shipping. The citizens of Washington, as well as the Native American tribes that
have rich histories and treaty-protected interests along the coast, strongly depend upon ocean
resources and will continue to do so into the future.

Existing ocean resources, uses, and communities along Washington’s Pacific Coast may
be adversely affected by increasing pressures on the resources in this area, conflicts among
existing uses, and proposed new ocean uses such as offshore wind or wave energy, offshore
aquaculture, or sand and gravel mining. In addition, multiple, overlapping jurisdictions and
authorities create challenges for coordinated decision-making and proactive planning.

In March 2010, the Washington State Legislature enacted a marine planning law to foster
integrated coastal decision making and ecosystem-based management (RCW 43.372). Marine
Spatial Planning is a comprehensive, place-based and ecosystem-based planning tool. In July
2012, the State Legislature began targeting funding to the creation of a plan for Washington’s
Pacific coast.

The Marine Spatial Plan (MSP) for Washington’s Pacific Coast provides a baseline of
scientific information, a consistent way of evaluating future proposals, and a framework to
coordinate decisions around human uses of the sea. The plan also creates a process for
coordinating across all levels of government and ensuring stakeholder input on new ocean uses.
This process will improve marine resource management by planning for new ocean uses and
reducing conflict. The MSP will increase certainty for those using or seeking to use
Washington’s coastal waters. It will also allow us to reduce our impact on our marine
environment. In this way, the plan helps maximize the social, economic and ecological benefits
we receive from ocean resources.

Specifically, the MSP provides the following:

e Guidance for new ocean uses along Washington’s Pacific coast, including renewable
energy projects, offshore aquaculture, dredged material disposal in new locations, marine
product extraction, and sand and gravel or gas hydrate mining.

e Baseline data on coastal uses and resources to capture current conditions and future
trends.

e Requirements and recommendations for evaluating new ocean uses through the different
phases of project review, consistent with existing laws and regulations.

e Recommendations to protect the environment and existing uses. This includes specific
new policies to protect specific environmentally-sensitive areas and fisheries.

e A framework and analyses for increased coordination and guidance for decision-making.

e Activities that enable plan monitoring, evaluation, and adaptation.
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Washington State developed the MSP with the support of state agencies and the
involvement of key stakeholders, the public, and local, federal, and tribal governments. The
planning process was led by the State Ocean Caucus, an interagency team. Interagency team
members included representatives from: the Washington Department of Ecology (Ecology),
Washington Department of Natural Resources (DNR), Washington Department of Fish and
Wildlife (WDFW), the Governor’s office, the Washington State Parks and Recreation
Commission (State Parks), and Washington Sea Grant.! The Washington Coastal Marine
Advisory Council (WCMAC), a Governor-appointed advisory group inclusive of stakeholders
and government, participated throughout the planning process.

The marine planning law requires the final MSP to be submitted to the National Oceanic
and Atmospheric Administration (NOAA) for review and approval in order to be incorporated
into the State's federally-approved coastal zone management program (RCW 43.372.040 (12)).
Washington will benefit from incorporating the MSP into Washington’s Coastal Zone
Management Program (CZMP). Once approved, this will improve the State’s ability to review
federal actions that have reasonably foreseeable effects on Washington’s coastal resources and
uses through the federal consistency provision under the Coastal Zone Management Act (more
details are provided in Chapter 4: MSP Management Framework, Section 4.2 and Appendix E).
In addition, by developing its own plan for the Pacific coast, Washington State will be well
positioned to work in partnership with the other states, the federal government, and tribes in
West Coast regional marine spatial planning coordination.

1.2 Marine Waters Management and Planning Act
Requirements

The Marine Waters Management and Planning Act (RCW 43.372) provides the overall
intent, purpose, principles, and elements for development of the Marine Spatial Plan (MSP) for
Washington’s Pacific Coast. For details on specific requirements, please see the full language
of RCW 43.372 in Appendix D.

The MSP creates a framework for integrating existing state and local authorities. It does
not supersede current authority of state agencies or local governments (RCW 43.372.060). The
MSP must rely on existing state and local authorities to be implemented (RCW
43.372.040(6)(e)). The marine planning law exempts projects, uses, and activities existing prior
to or during the planning process from meeting the MSP’s requirements (RCW 43.372.060).

This section summarizes some of the key principles and requirements for the MSP from
the state marine planning law.

! Governor Gregoire designated the Department of Ecology as the overall lead for coordinating the planning process.
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Key Planning Principles

According to RCW 43.372.040(4), “The marine management plan must be developed and
implemented in a manner that:

a)
b)

c)
d)
e)
f)

9)
h)

Recognizes and respects existing uses and tribal treaty rights;

Promotes protection and restoration of ecosystem processes to a level that will enable
long-term sustainable production of ecosystem goods and services;

Addresses potential impacts of climate change and sea level rise upon current and
projected marine waters uses and shoreline and coastal impacts;

Fosters and encourages sustainable uses that provide economic opportunity without
significant adverse environmental impacts;

Preserves and enhances public access;

Protects and encourages working waterfronts and supports the infrastructure necessary to
sustain marine industry, commercial shipping, shellfish aquaculture, and other water-
dependent uses;

Fosters public participation in decision making and significant involvement of
communities adjacent to the state's marine waters; and

Integrates existing management plans and authorities and makes recommendations for
aligning plans to the extent practicable.”

The marine planning law also requires the plan to use the best available science, rely on existing
data and resources, and procure additional data necessary for planning, when possible (RCW

43.372.040(5)).

Plan Requirements

The marine planning law requires the final MSP to contain several elements (RCW
43.372.040(6)), see Appendix D for complete language). These elements include:

An ecosystem assessment that analyzes the health and status of Washington marine
waters including key social, economic, and ecological characteristics and incorporates the
best available scientific information, including relevant marine data. The plan must also
develop key ecosystem indicators (Chapter 2 and separate indicator reports).

A series of maps that, at a minimum, summarize available data on (Chapter 3 and
Appendix A):

0 The key ecological aspects of the marine ecosystem, including physical and
biological characteristics, as well as areas that are environmentally sensitive or
contain unique or sensitive species or biological communities that must be
conserved and warrant protective measures.

0 Human uses of marine waters, particularly areas with high value for fishing,
shellfish aquaculture, recreation, and maritime commerce.

o Appropriate locations with high potential for renewable energy production with
minimal potential for conflicts with other existing uses or sensitive environments.

Guidance for decisions on uses proposed for marine waters consistent with existing plans
and processes and applicable state laws and programs (Chapter 4).
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e An implementation strategy describing how the plan's management measures and other
provisions will be considered and implemented through existing state and local
authorities (Chapter 4).

e A framework for coordinating state agency and local government review of proposed
renewable energy development uses requiring multiple permits and other approvals that
provide for the timely review and action upon renewable energy development proposals
while ensuring protection of sensitive resources and minimizing impacts to other existing
or projected uses in the area (Chapter 4).

e Recommendations for the federal government (Chapter 4 and Appendix E).

e A list of provisions of existing management plans that are substantially inconsistent with
the plan (Chapter 4).

e A list of data gaps, a strategy for acquiring new scientific information, and a process for
updating the plan with new information (Chapters 2, 3, and 4 and Appendix C).

The marine planning law provides Washington Department of Fish and Wildlife
(WDFW) the option of including a fisheries management element in the MSP. The MSP includes
a considerable amount of information on fisheries. However, given the existing, extensive
processes for managing fisheries, WDFW has chosen not to include an element in the MSP that
would alter how fisheries are managed (see Chapter 2.4: State and Tribal Fisheries).

Furthermore, the law requires that any provision of the marine management plan that
does not have as its primary purpose the management of commercial or recreational fishing but
that has an impact on this fishing must minimize the negative impacts on fishing. The
interagency team? must accord substantial weight to recommendations from the director of
WDFW for plan revisions to minimize the negative impacts. See Chapter 4: MSP Management
Framework for a description of the fisheries consultation process and protection standards
designed to minimize impacts from new ocean uses on fishing.

1.3 Plan Goals and Objectives

To assist with the marine spatial planning process, Washington Sea Grant and the State
Ocean Caucus (SOC) convened a series of workshops in 2013 to develop draft goals and
objectives for the Marine Spatial Plan (MSP) for Washington’s Pacific Coast. The workshops
also aimed to improve communication and coordination among the groups involved in the
planning process. These workshops brought together government representatives and local
stakeholders with a vested interest in or management authority over Washington’s marine
resources and waters. Representatives from local government, state and federal agencies, tribes,
and the Washington Coastal Marine Advisory Council (WCMAC) attended.

The draft goals and objectives resulting from the workshops went through State
Environmental Policy Act (SEPA) scoping and public comment to give other individuals and
organizations the opportunity to weigh in on the plan development process. Comments provided
during the public comment period were considered in adopting the final goals and objectives for
the Marine Spatial Plan.

2 Interagency team refers to the State Ocean Caucus, as described in RCW 43.372.020.
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Subsequent to adoption of the final goals and objectives, SOC worked iteratively with
WCMAC and MRCs to identify and refine a list of actions for each of the plan objectives.®
These actions describe the information and analyses the State incorporated in the general content
of the MSP, or the activities that the State pursued as part of the planning process. Appendix F
provides an index of MSP chapters, sections, and projects that address the specific actions listed
below.

The goals, objectives, and actions adopted for the Marine Spatial Plan as a result of this
process are as follows.

Overarching Goal

Ensure a resilient and healthy marine ecosystem on Washington’s coast that supports sustainable
economic, recreational, and cultural opportunities for coastal communities, visitors, and future
generations.

Goal 1

Protect and preserve existing sustainable uses to ensure economic vibrancy and resource access
for coastal communities.

Objective 1: Protect and preserve healthy existing natural resource-based economic activity on
the Washington coast.

e Better understand, define, and document all existing marine activities taking place in the
Study Area (commercial, recreational, cultural, and ecological) through scientific
research and traditional knowledge research. Document context for existing uses and
current and future trends of existing uses, including information on present conflicts and
potential future conflicts for existing uses.

e Assess economic contributions of existing marine uses to the local and state economy.

e Identify and assess indicators of economic health.

e Following existing laws, protect and preserve existing uses by first avoiding and then
minimizing significant adverse impacts from potential future activities, including impacts
on aquaculture, recreation, tourism, navigation, air quality, and recreational, commercial,
and tribal fishing. Identify policies and recommended actions that enable the
implementation of the plan.

¢ Involve individuals and organizations representing existing uses in the planning process,
such as by documenting current and future trends of existing uses, reviewing data and
maps of their use, understanding potential impacts, and evaluating scenarios and plan
recommendations.

3 In July 2014, WCMAC recommended the State use the final, adopted list of actions presented here.
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Goal 2
Maintain maritime coastal communities from now into perpetuity.

Objective 2: Sustain diverse traditional uses and experiences to ensure continuity of
Washington’s coastal identity, culture, and high quality of life.

e Understand culturally important uses of the marine environment, including documenting
areas and uses of historical and cultural significance and current visual resources.

e Provide recommendations for uses that protect and enhance the aesthetic quality of
marine environment, maritime activities, marine culture, and sense of place.

e Document vulnerability of coastal communities to coastal hazards as they relate to
proposed future activities.

e ldentify and assess indicators of social well-being within coastal communities.

Goal 3

Ensure that our marine ecosystem is preserved for future generations.
Objective 3: Foster healthy and resilient marine ecosystem functions, biodiversity, and habitats.

e Understand the current status of natural resources, ecosystem conditions, and impacts of
natural variability and natural stressors on the marine ecosystem over the short and long
term. Where possible, document information on ecosystem services and values.

e Understand the implications of various human activities to the marine ecosystem,
including documenting species and habitats that face higher potential risk or impact from
proposed activities.

e |dentify and assess areas of ecological importance or particular sensitivity.

e |dentify and assess ecological indicators of ecosystem health on Washington’s coast.

¢ Following existing laws seek to avoid first and then minimize adverse environmental
impacts, with special protection provided for the marine life and resources of the
Columbia River, Willapa Bay and Grays Harbor estuaries, and coastal areas of Olympic
National Park.

Goal 4

Develop an integrated decision-making process which supports proactive, adaptive, and efficient
spatial planning.
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Objective 4: Develop a locally-supported and collaborative process that is coordinated with
existing authorities for aligning management decisions.

e Synthesize information on climate change and predicted impacts to marine resources and
existing uses in the Study Area. Address how climate change may influence plan
scenarios and potential impacts of new uses.

e Engage local, state, federal and tribal governments in all phases of the marine spatial
planning process to ensure relevant management information and requirements are
integrated into the process. The use or activity must comply with all applicable local,
state, and federal laws and regulations.

e Coordinate with neighboring states and provinces to share technical information across
all sectors and enhance management of coastal ecosystems.

e Recommend approaches for improving the efficiency of the permitting process, where
and if appropriate.

e Involve individuals and organizations representing existing uses and proposed new uses
as well as individuals working elsewhere on similar issues in all phases of the planning
process.

e Describe the management and implementation framework, including existing state laws,
policies and regulations and how they address existing and proposed uses. The plan will
articulate a strategy for ongoing interagency communication and the adaptation,
implementation and review of the Marine Spatial Plan, including aligning MSP with
other state management plans and goals and incorporating it into state plans and
processes.

e Provide opportunities for public engagement and input throughout the planning process
including public education, workshops and meetings. Identify barriers to participation
and work with local stakeholders to address and reduce barriers to public participation.
Document comments and provide responses, as appropriate.

e Engage scientific experts in review of data and methods. Develop data standards for data
collection and analysis.

e Use best available science and information throughout the planning process and drafting
of the plan. Provide a common information base to assist management decisions,
including through the use of Geographic Information Systems (GIS).

Goal 5

Encourage economic development that recognizes the aspirations of local communities and
protects coastal resources.

Objective 5: Enhance sustainable economic opportunities to achieve a resilient economy and
improved quality of life.

e Understand potential new uses and their potential benefits and potential significant
adverse impacts on existing uses and the environment. Evaluate direct, indirect and
cumulative impacts in environmental review documents for the plan.
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e Develop coastal decision-making tools, analyses and recommendations to determine
appropriate and compatible roles for future activities within the Study Area, including
siting of offshore renewable energy, new locations for dredge disposal or aquaculture,
and other potential new activities such as mining and bioextraction.

e Identify appropriate mitigation measures to address significant adverse impacts posed by
proposed future uses of Washington’s coastal waters. Develop mitigation measures in
accordance with state laws and regulations.

1.4 Planning Process Summary

As described in the introduction, the interagency team coordinated the planning process
and development of the MSP. The following section summarizes the key outreach activities and
groups that were engaged during the planning process.

Plan Scoping

In the spring of 2013, Washington Sea Grant and state agencies convened a series of
marine spatial planning scoping workshops in Aberdeen, Washington. Over 50 people attended
each of the workshops, representing local government, state and federal agencies, tribes, and the
Washington Coastal Marine Advisory Council (WCMAC). Participants worked together to
develop draft goals, objectives, and a planning boundary for the Marine Spatial Plan (MSP) for
Washington’s Pacific Coast.

Using the draft language developed by the scoping workshops, the Washington
Department of Ecology (Ecology), as the plan development lead, issued a scoping notice and
comment period for the plan under the State Environmental Policy Act (SEPA). The public
comment period ran from July 16, 2013 through September 23, 2013, and allowed for broader
input and review from interested parties and the public. Ecology received and considered 17
unique comment letters and 28 signed form letters. Based on these comments, Ecology revised
the scope of the proposed Marine Spatial Plan and released a document summarizing SEPA
scoping, comments, and responses in January 2014.

Coastal Marine Resource Committees (MRCs)

From the very initial steps, the Marine Resource Committees (MRCs) were actively
involved in the State’s marine spatial planning process. Each MRC has a representative on
WCMAC to ensure regular communication of their interests and input to the process. Some
additional activities have included:

e Funding priorities and projects (Summer 2012 and Summer 2013): State planning staff

attended meetings of each of the coastal MRCs in Summer 2012 and Summer 2013 to
gather input on their priorities for marine spatial planning.
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Coastal VVoices workshops (Spring 2013): MRCs worked with The Surfrider Foundation
and The Nature Conservancy to host five workshops with a total of over 100 participants
to gather input from coastal residents and stakeholders on their interests and goals, and to
inform scoping for the MSP. A report from the workshops is available

at: http://www.msp.wa.gov/wp-content/uploads/2013/06/060413 Coastal-Voices-
Version-Final.pdf.

MRC Summits (November 2013 and October 2016): State planning staff presented to
MRCs on marine spatial planning at these annual meetings of all the coastal MRCs.
Input on MSP actions (Spring 2014): Each MRC reviewed a list of draft actions for each
of the Marine Spatial Plan goals and provided input. State planning staff used MRC input
to further revise the actions, which WCMAC then recommended the State adopt in July
2014,

Input on social indicators (Spring 2015): At their regular meetings, coastal MRCs each
received a presentation on social indicator work and provided feedback on draft
indicators.

Input on WCMAC draft policy recommendations (Spring 2016): Washington Sea Grant
and State planning staff presented draft WCMAC recommendations to MRCs to ensure
they were providing input to their MRC representatives prior to the adoption of final
recommendations by WCMAC.

News articles in the West End newsletter distributed by the North Pacific MRC (Summer
2014, 2016, and 2017).

Preliminary draft plan (Spring 2017): Washington Sea Grant presented updates on the
planning process and the preliminary draft MSP to coastal MRCs.

Washington Coastal Marine Advisory Council (WCMAC)

The Washington Coastal Marine Advisory Council (WCMAC) is a gubernatorial-level

council with a diverse group of representatives from coastal stakeholder interest groups, coastal
MRCs, and state agencies. WCMAC provided advice on the MSP throughout the planning
process. This included:

Participating in scoping workshops.

Reviewing and recommending actions to carry out goals and objectives.

Identifying data, project, and funding priorities.

Providing input on approaches and deliverables for projects.

Sharing interests and concerns.

Recommending ways to address concerns within the plan.

Providing feedback on and recommendations for the plan analyses and preliminary draft
plan.

WCMAC members serve as liaisons with the interest groups they represent. They

identified additional experts for MSP project consultants to interview for information. Tribal
governments may also designate a liaison to participate in the WCMAC as a nonvoting member,
and some have chosen to do so.
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WCMAC has met about 5-6 times per year since the beginning of the planning process.
Additionally, a Technical Committee and Steering Committee met by conference call
approximately monthly to assist the group with tasks. A contracted facilitator assists the
Committees and Council with developing agendas and other meeting materials, facilitating
meetings, consensus-building, and tracking and recording discussions and recommendations.
More information is available on the Advisory Council website
at: http://www.ecy.wa.gov/programs/sea/ocean/advisorycouncil.html.

Initially formed by Ecology in December 2011, legislation prompted the reformation of
this advisory council under the Governor’s office in September 2013, but with the council still
staffed by Ecology. A total of 25 advisory council meetings were held between March 2012 and
May 2017.

Local Governments

State agency staff met with local coastal planning staff, presented at quarterly Shoreline
Planner Coordination meetings, provided updates at work sessions for county commissioners
(Clallam and Jefferson Counties, 2013), and shared written updates on the planning process.
Local governments were invited to attend the scoping workshops held in Spring 2013. In
addition, Ecology distributed a comprehensive white paper with information on ocean
management guidelines, Shoreline Master Programs (SMPs), and marine spatial planning
targeted at local planners. Ecology also provided a shorter Frequently Asked Questions
document to answer specific questions about the relationship between SMPs, marine spatial
planning, and the state’s Coastal Zone Management Program.

MSP 101

State planning staff gave presentations and hosted workshops providing introductory
information on marine planning to a variety of other audiences throughout the planning process.
This included engagement with community members at events such as at open houses and panel
presentations, at conferences, and through learning exchange workshops (Neah Bay and
Aberdeen, Spring 2012).

Washington Sea Grant presented introductory and updated information on marine spatial
planning to a number of community organizations across the Washingtonccoast, including
economic development councils, councils of governments, chambers of commerce, non-profit
organizations, and other similar groups. Between the fall of 2012 and 2017, Washington Sea
Grant presented to over 25 community groups and reached over 610 people.

Coastal Events and General Outreach

Washington Sea Grant attended local events throughout Washington’s coast to raise
awareness and engage the broader public on marine spatial planning, including distributing
brochures and talking with people about the plan and the process. Washington Sea Grant and the
local MRCs also co-hosted two local film showings of Ocean Frontiers?, a film about marine
planning in the United States. Combined, these efforts reached nearly 1000 people between the

4 http://ocean-frontiers.org/
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summer of 2014 and the fall of 2016. Washington Sea Grant also distributed brochures and
summaries of Frequently Asked Questions on marine spatial planning to local libraries and
community centers across the coast.

MSP Project Engagement

Washington Sea Grant organized presentations on specific projects or topics of high
interest to target audiences. Examples of this outreach include providing draft results on
ecological models and ecological, economic, and social indicators to the Grays Harbor Coalition
for Infrastructure and Citizens for a Clean Harbor, or reviewing recreational survey results with
the Long Beach Visitors Bureau and Olympic Peninsula Visitors Bureau. State planning staff
also organized workshops on the coastal economic analysis to assist contractors in scoping the
project and getting input on draft results from a range of stakeholders and agencies. Over 110
people participated in these various events.

Tribes

State agency staff met with technical and policy staff of coastal tribes throughout the
planning process, including sending letters inviting their participation in the process and
providing updates. The state and the four coastal treaty tribes (the Hoh, Makah, and Quileute
tribes, and the Quinault Indian Nation) had between 2-4 joint technical and policy staff meetings
per year. The state also met with staff from the Shoalwater Bay Tribe.

Depending on the tribe, various tribal staff participated in workshops, meetings, and
forums; reviewed and provided input on MSP project priorities, deliverables, and draft products;
provided technical and scientific information and feedback; met with consultants; and partnered
on data collection and field work. State staff also met with and briefed tribes separately
(including with tribal natural resource staff and council members, in some cases) at various
points in the planning process. See Section 1.6 below for more details and context on tribes and
their unique relationship with Washington State and the federal government.

Federal Agencies

State agencies involved federal agencies in the planning process in many ways, such as
including them in scoping and technical workshops; contacting them for specific data and
information; gathering input on priorities, needs, and interests; meeting to discuss the MSP and
process; and partnering with them on several specific projects (see below for examples). State
staff presented on the MSP and planning process several times to the Olympic Coast National
Marine Sanctuary’s Advisory Council.

Federal agency staff played an important technical and scientific support role in the
state’s marine spatial planning process. Federal staff activities included: coordinating the
science-based development of and assessment of conceptual models and ecological indicators for
Washington’s coast; creating ecological models for distributions of seabirds and marine
mammals; conducting an inventory of and prioritization of seafloor mapping data; creating a
seafloor atlas from existing data; providing GIS data and other information (e.g. satellite vessel
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traffic data provided by Olympic Coast National Marine Sanctuary); and participating on the
science advisory panel.

Science Advisory Panel

In 2013, Washington Sea Grant facilitated a graduate-level class that engaged graduate
students and a diverse group of research professors in reviewing available marine spatial
planning data and identifying data gaps. Washington Sea Grant subsequently set up a Science
Advisory Panel with these and other researchers and scientists from academic, state, and federal
entities. This group provided independent review of and feedback on particular data sources,
project methods, and data analyses. The Science Advisory Panel’s feedback provided important
direction for the State to understand datasets, adjust methods, and improve accuracy of findings
and results.

Data and Tool Development

Throughout the planning process, state agencies sought input on data and tool
development. This included working with The Nature Conservancy and EcoTrust to host a
number of training and input sessions on the online data mapping tool as it was being developed.
These sessions with MRCs, planners, and other audiences aimed to improve functionality and
ease-of-use. Washington also partnered with federal agencies to host participatory human use
mapping workshops to map ocean use areas based on expert user knowledge. The four
workshops involved 65 participants representing all ocean use sectors, such as ocean industries,
marine operators, and federal, tribal, and state resource managers (April 2013). State planning
staff engaged representatives from ocean use sectors and WCMAC to: 1) identify available data,
data priorities, and projects to fill data gaps; and 2) understand how best to display and analyze
the data on their use to understand potential conflicts with new uses.

1.5 The MSP Study Area

The MSP Study Area consists of marine state and federal waters along the Pacific
Ocean.® The Study Area extends from ordinary high water on the shoreward side out to 700
fathoms (4,200 feet) depth offshore, and from Cape Flattery on the north of the Olympic
Peninsula south to Cape Disappointment at the Mouth of the Columbia River (Map 1). It
encompasses estuaries along the coast, including two large estuaries: Grays Harbor and Willapa
Bay. The Study Area was chosen because it is where the highest intensity and density of existing
coastal uses exist. It is also ecologically meaningful in terms of connections to Washington’s
coastal zone, and maximizes the use of existing data and available information (Washington
Department of Ecology, 2014). The Study Area was also based on the expected locations for
potential new federal activities, and where effects on the state’s coastal uses or resources from
those new uses or activities are reasonably foreseeable (Washington Department of Ecology,
2014).

5> Development of Marine Spatial Plans for other waters of Washington including the Columbia River, Strait of Juan
de Fuca, and Puget Sound is dependent on future funding.
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The Study Area encompasses approximately 480 nm® of coastline, including the Grays
Harbor and Willapa Bay estuaries, and spans 5,839 square nautical miles (7,732 square statute
miles). This area includes the intertidal, nearshore, continental shelf, and continental slope areas
of Washington’s Pacific waters. It includes both state waters (0-3 nm) and federal waters beyond
3 nm. Adjacent upland areas include the Olympic Peninsula and the southwestern portion of the
state. Four counties (Clallam, Jefferson, Grays Harbor, and Pacific Counties) border the Study
Area, along with the reservations of five federally-recognized tribes (the Hoh, Makah, Quileute,
and Shoalwater Bay Tribes, and the Quinault Indian Nation) (Map 2). At the Study Area’s
southern boundary is the Mouth of the Columbia River, the largest river in the Pacific Northwest
with source waters from the Rocky Mountains. At the northern boundary is the Strait of Juan de
Fuca, with source waters from Puget Sound and the Strait of Georgia (Canada). A large portion
of the Study Area’s marine environment is a part of the Olympic Coast National Marine
Sanctuary. There are also five national wildlife refuges within the Study Area. It also includes
the Washington State Seashore Conservation Area and several state parks, which are managed by
the Washington State Parks and Recreation Commission for public recreational use (Map 1).

The northern coastal portion of the Study Area consists of a mostly rocky coast with
several coastal rivers, rocky outcrops, and pocket beaches. Adjacent uplands are rural, consisting
mostly of Olympic National Park land and tribal reservations. The southern coastal portion has
generally sandy beaches and includes Willapa Bay and Grays Harbor. Several small cities and
towns are located along the southern coast. Uplands in the southern area largely consist of
managed private and public timber lands and agriculture.

The description above and Map 1 define the MSP Study Area. In some cases, the MSP
also includes data and information that extend beyond this area to assist in fully describing the
activity or resource, its importance to coastal communities and Washington State, and future
trends. Many of the uses and resources of Washington’s Pacific coast are related to or supported
by activities, resources, infrastructure, or communities that are outside of the MSP Study Area.

For example, the economic impacts of coastal industries like commercial or recreational
fishing are not limited to the counties adjacent to the MSP Study Area. A recreational or
commercial fisher may be catching fish within the MSP Study Area, but launching from a marina
and selling fish to buyers that are outside the Study Area. Additionally, marine transportation and
shipping operations within the Study Area are not only traveling to and from the Port of Grays
Harbor (within the MSP Study Area), but also to and from ports in Puget Sound, the Columbia
River, other West Coast states, or across the Pacific Ocean. Trends in shipping and transportation
within the Study Area are influenced by changes in ports, vessels, and trade across a wide
geographical area. In addition, the best available data for different uses varies in scale and
method of data collection. In many cases, this makes it difficult to separate information outside
of the MSP Study Area from data describing areas within. The inclusion of information outside
of the MSP Study Area does not alter the boundary of the Study Area and will be noted, where
relevant, in later sections of the MSP.

& The shoreline estimate was calculated using GIS files of the Study Area.
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1.6 Pacific Coast Indian Tribes and Treaty Rights

The Washington coast has been home to native peoples for at least 6,000 years. The
Native people of the coast traditionally lived at the water’s edge, thriving on the riches of the
ocean plants, fish, shellfish, seabirds, and marine mammals. With the settlement of Euro-
Americans, many northwest tribes ceded much of their land to the United States.

Governor Isaac Stevens negotiated the Stevens Treaties in the mid-1850s with northwest
tribes throughout what was then the Washington Territory.” Four of the five tribes adjacent to the
MSP Study area signed treaties and include the Hoh, Makah, and Quileute Tribes, and the
Quinault Indian Nation (referred to collectively as the coastal treaty tribes).® The 1855 Treaty of
Neah Bay® with the Makah Tribe and the 1856 Treaty of Olympia'® with the Hoh Tribe, Quileute
Tribe, and the Quinault Indian Nation govern the relationships between the federal government
and the coastal treaty tribes. Through signing those treaties, the treaty tribes agreed to allow the
peaceful settlement of much of western Washington and ceded land to do so, in exchange for
their continued right to access fish, shellfish, wildlife, and plants, and exercise other cultural
practices both on and off-reservation. The treaties reserved the right to fish in “usual and
accustomed areas” beyond a tribe’s reservation boundaries. Other tribes were recognized by the
federal government through federal processes and maintain tribal reservations, but do not have
treaties with the United States. The Shoalwater Bay Tribe did not complete the treaty process and
is a federally-recognized tribe (Map 2).

In 1974, Judge Boldt upheld these treaty rights, affirming the tribal right to access up to
50% of the harvestable salmon passing through their respective usual and accustomed fishing
areas (U&As) (U.S. v. Washington, 384 F. Supp. 312 (W.D. Wash. 1974). In 1979, the United
States Supreme Court upheld the Boldt decision. The federal court acknowledged that the
concurrent jurisdiction of treaty tribes creates a co-management relationship with the State. A
court decision in 1994 (U.S. v Washington, 873 F. Supp. 1422 (W.D. Wash. 1994), also known
as the Rafeedie decision (named for the judge), recognized the right of Washington treaty tribes
to take up to 50% of all fish, including naturally occurring shellfish, in their respective U&As.

The management of the marine environment is crucial to each of the coastal tribes, as the
marine environment is integral to their history, culture, identity, and future. Marine resource
management as a matter of law is shared with the State. The MSP Study Area overlaps with
3,956 square nautical miles of the tribal U&As and can be seen in Map 2 (National Oceanic and
Atmospheric Administration, 2016). The MSP provides an opportunity for the State of
Washington to progressively plan for new ocean uses, while protecting the current uses, culture,
environment, and identity of coastal Washington, including respecting the treaty rights and
interests of the five federally-recognized tribes within to the Study Area. The State relationship
with each of the tribes is of high importance in the MSP process for current and future “new” use
discussions.

" Many tribes throughout Washington signed treaties with the United States and are collectively referred to as “treaty
tribes.” However, the MSP will focus primarily on the coastal tribes that are located within the MSP Study Area and
use the term “coastal treaty tribes” to distinguish these four treaty tribes from other treaty tribes.

8 The Shoalwater Bay Tribe is a federally recognized tribe but is not party to the Stevens treaties.

® Treaty of Neah Bay available at: http://access.nwifc.org/tribes/documents/TreatyofNeahBay.pdf

10 Treaty of Olympia available at: http://access.nwifc.org/tribes/documents/TreatyofOlympia.pdf
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Government-to-Government Relationship

The State of Washington and the tribes have government-to-government relationships,
meaning that tribes have independent relationships with each other and with the State. These
relationships recognize and respect the sovereignty of the other (Governor’s Office of Indian
Affairs, 2015). The State of Washington and the federally-recognized tribes created government-
to-government agreements through the Centennial Accord and subsequent Millennium
Agreement to consult with each other on matters that may affect one another (Governor’s Office
of Indian Affairs, 2015). In 2012, a state law established state agency procedure requirements for
the government-to-government relationship (RCW 43.376).

The federal government has a federal trust responsibility to federally-recognized tribes,
through this obligation, the federal government works directly with tribes as sovereign nations.
The exact implementing procedures may vary between the federal agencies, but the federal trust
obligation includes consulting with tribal governments prior to taking actions that may affect
federally-recognized tribes and treaty rights (The White House, 1994).

Fishing Treaty Rights Co-Management

Each treaty tribe regulates the fishing activities for its members within their respective
U&As in accordance with tribal law and judicially-prescribed fishery management
responsibilities. Each tribe also maintains its own fisheries management and enforcement staff,
enters into management agreements with other co-managers, and engages in a wide variety of
research, restoration, and enhancement activities to improve the scientific basis for resource
stewardship (Olympic Coast National Marine Sanctuary, 2011).

The treaty tribes, the State of Washington, specifically the Washington Department of
Fish and Wildlife (WDFW), and United States government (NOAA Fisheries and USFWS), are
co-managers of federal fishery resources in Washington. One example of state and tribal co-
management is the Dungeness Crab fishery, which occurs in federal and state waters.

The MSP does not address or attempt to influence the fisheries co-management process
or relationship. Fisheries co-management is outlined here to recognize its importance within the
Study Area and provide context for the fishing and shellfishing industry descriptions provided
later in the MSP. The procedures for tribal and state consultation, coordination, and
communication to address specific new use proposals within the MSP Study Area are provided
in Chapter 4: MSP Management Framework (See Section 4.2.1).

Coastal Tribes

The State invited each of the coastal tribes to provide a description of their use of and
reliance on marine resources, their management of these resources, important future activities,
and any concerns or opportunities including those related to new uses. The inclusion of these
tribal descriptions, below, does not constitute an endorsement nor concurrence by the State of
Washington of the specific information, including any unresolved legal claims, provided by the
tribes.

To date, three participating tribes have provided descriptions, including their main
concerns and interests in the marine spatial planning process. Additional descriptions may be
added as they become available.
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Makah Tribe

On January 31, 1855, the Makah Tribe entered into an agreement with the United States
of America, known as the 1855 Treaty of Neah Bay. Under Article 6 of the U.S. Constitution,
treaties between the U.S. Government and sovereign nations are the “supreme law of the land.”
The Treaty of Neah Bay is the official agreement between the Makah Tribe and the U.S.
Government that reserved the Makah Tribe’s inherent sovereign rights to natural and cultural
resources and other services and benefits in exchange for the cession of 469 square miles of its
territory to the U.S. Government. The Makah Tribe reserved the right of “taking fish, and of
whaling or sealing” at usual and accustomed fishing grounds.

Since time immemorial, the Makah culture has been dependent on resources from the
ocean. The Makah people are the southernmost of the Nuu-chah-nulth tribes, being the only
member of the Wakashan-speaking people within the United States. The traditional name for the
Makah Tribe is qwidi¢¢a?a-tx which means “People of the Cape.” Located at the northwestern
tip of the Olympic Peninsula of Washington state, the Makah Indian Reservation currently
encompasses a land area of approximately 47 square miles. Unlike most other coastal Pacific
Northwest tribes who had village sites located on productive salmon rivers, the Makah Tribe had
village sites located near productive ocean resources. During the negotiation of the Treaty, a
tribal leader declared, “I want the sea. That is my country.” This statement is a testament to the
Makah’s unique connection to the ocean.

The Makah Tribe is active in fisheries management forums (e.g. Pacific Fishery
Management Council, Pacific Salmon Commission, North of Falcon, International Pacific
Halibut Commission, US Canada Whiting Agreement, International Whaling Commission),
ocean policy forums (National Ocean Policy’s Governance Coordinating Committee, West Coast
Regional Planning Body, and Washington Sub-Regional Planning Team as well as the
Intergovernmental Policy Commission), and research. The fisheries of the Makah Tribe include
but are not limited to Pacific Halibut, salmon, whiting, Black Cod, groundfish, and others. The
Makah Tribe is currently pursuing the reinstatement of whaling rights, as secured in the 1855
Treaty of Neah Bay.

The Makah Tribe’s current marine U&A area is constrained by the U.S./Canada border to
the north, extends to 48° 02° 15” N (Norwegian Memorial) to the south, extends to 125° 44' 00"
W (approximately 40 nautical miles offshore) to the west, and extends to 123° 42° 30” W
(Tongue Point) to the east. This area represents approximately 1,550 square miles of marine
waters. Makah maritime culture has been sustained through an ecosystem-based management
approach to natural resources, including an understanding that the utilization and protection of
resources go hand-in-hand. A thriving ecosystem in the Makah U&A area and its surrounding
marine areas provide resources for fishing and hunting, the preservation of cultural practices, as
well as jobs, tourism, recreation and other economic activities.

The concerns of the Makah Tribe relevant to marine spatial planning include, but are not
limited to: impacts to treaty fishing grounds and the ability to exercise treaty rights through the
siting of permanent or temporary offshore development in important habitats within and outside
the Makah U&A; temporary spatial conflicts such as military exercises, vessel traffic, etc.; and
oil spill risk and the associated impacts to treaty resources and the environmental conditions on
which they depend (i.e., fish, marine mammals, seabirds, etc.). Climate change impacts,
especially on species distribution and harvest access, including but not limited to ocean
temperature increases, ocean acidification, hypoxic events, and harmful algal blooms, are also of
great concern. Any siting of projects (renewable energy, offshore aquaculture, or other),
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expansion of or change in existing uses (shipping lanes, dredge disposal locations, etc.) or
potential impacts to the ocean ecosystem and/or treaty resources within and outside the U&A
will require consultation with the Makah Tribal Council.

Quileute Tribe

The Quileute Tribe is part of the Treaty of Olympia of January, 1856, with the Quinault
Indian Nation and the Hoh Tribe. It is headquartered at La Push at the mouth of the Quillayute
River, but its U&A fishing grounds under the Treaty of Olympia include marine waters from
Cape Alava south to the Queets River and 40 nautical miles west. The Tribe also has freshwater
fishing rights to the entire Quillayute River Basin, north to Lake Ozette (shared with Makah) and
south to Goodman Creek (shared with Hoh).

Quileute has defined its presence on the Washington coast as “since time immemorial.” It
has been actively fishing for marine mammals, groundfish, salmonids, and shellfish throughout
its history. While commercial use of these fisheries (initially through trade and later through
more conventional commercial compensation) has long been their tradition, fisheries are critical
to subsistence of their members, and special attention is given to assuring food for elders or other
needy persons in the community. Many traditional ceremonies derive from the ancient fishing
practices and the appreciation of nature’s bounty. Ceremonial events celebrating the fisheries are
also part of the tribe’s culture, related in potlatches, traditional songs, and dances. Recent
recognition of the full scope of the Quileute’s ocean fishery was provided by the federal court
decisions in U.S. v. Washington, sub-proceeding 2009-01, in 2015.

In 1998, the Quileute Tribe was recognized officially as having self-regulatory capacity
by the State, under provisions of the U.S. v. Washington court for demonstrated government
capacity. The Tribe has a modern fleet, with emphasis on the crab, halibut, Black Cod, and
salmon fisheries at present. Tribal representatives participate in intergovernmental processes to
determine appropriate harvest levels for the fisheries, such as the Pacific Fishery Management
Council, North of Falcon, Pacific Salmon Treaty, and numerous meetings with NOAA Fisheries,
WDFW, and coastal treaty tribe representatives. The Tribe has a commissioner to the Northwest
Indian Fisheries Commission.

Immediate future concerns are reductions in allowable harvest that may derive from
climate, severe weather, harmful algal blooms, or anthropogenic causes such as fishing practices.
The Tribe is also concerned about access that may be interrupted by naval operations, shipping
lanes, or conservation measures, and engages fully in intergovernmental meetings and review of
publications on all matters that can impact its marine resources.

The Tribe is open to exploring opportunities for energy generation that can be done with
respect for the ecosystem and fishing rights, and treaty rights in general.

Quinault Indian Nation

The Quinault Indian Nation (QIN) is a signatory to the Treaty of Olympia (1856), by
which it reserved, among other things, the right of “taking fish, at all usual and accustomed
fishing grounds and stations” and the privilege of hunting and gathering, among other rights, in
exchange for ceding lands it historically roamed freely. QIN’s treaty fisheries provide physical
sustenance that is both direct, through subsistence uses, and indirect, through commercial uses.
Those fisheries also provide and embody values that cannot be quantified, and are personally and
closely felt and treasured. Fishing is used by Quinault people to educate younger generations in
life lessons, to pass on traditional knowledge, and to perpetuate ceremonial values.
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QIN’s U&A fishing grounds and stations encompass the area that begins at the mainland
adjacent to Destruction Island and extend westward for thirty miles, then southward to the
intersection of a line that is directly westward of Point Chehalis, and proceed to Point Chehalis.
QIN relies upon the marine area of its U&A fishing grounds and stations for harvesting species
that include crab, salmon, halibut, Black Cod (sablefish), sardines, rockfish, and Lingcod.
Methods of harvest include pot fisheries, trolling, longline, and both bottom and mid-water
trawling. QIN also relies on the harvest of Razor Clams on the beaches of its U&A.

Given QIN’s federally-protected treaty right, while QIN may not fish a given species
today, QIN does reserve a right to harvest that species tomorrow. A non-exhaustive list of
species for which QIN may, at some yet-to-be determined future time, opt to exercise its treaty
right, includes Pacific Whiting, tuna, shrimp/prawns, mackerel, Dover/Petrale/English Sole, and
schooling rockfish. QIN’s interest includes habitat that supports those resources. This includes
all bottom habitat (benthic) and water column habitat (pelagic). These habitats are directly
influenced by the great currents of the west coast (California and Davidson Currents), localized
nearshore currents, seasonal winds that drive upwelling and biological productivity, terrestrial
inputs including fresh water and erosion products and, of course, changing climate.

1.7 Olympic Coast National Marine Sanctuary

Designated in 1994, the Olympic Coast National Marine Sanctuary (Sanctuary) is a place
of regional, national, and global significance. The Sanctuary encompasses approximately 41% of
the MSP Study Area (Map 1) and is one of North America’s most productive marine regions and
pristine, undeveloped shorelines. The Sanctuary is a part of a system of 14 marine protected
areas coordinated and administered by National Oceanic and Atmospheric Administration
(NOAA).

The Sanctuary spans 2,408 square nautical miles (3,189 square miles) of marine waters
off the coast of Washington’s Olympic Peninsula. It extends seaward 22 to 39 nautical miles and
to depths of over 4,500 feet. The densely complex shoreline covers 141 nautical miles including
all bays, inlets, points, and other shoreline features. The Sanctuary is located within the northern
portion of the California Current Large Marine Ecosystem, is connected to the Big Eddy
Ecosystem, and supports high primary productivity. The Sanctuary is home to some of the
largest U.S. seabird colonies, at least twenty-nine species of marine mammals, commercially-
important fish species, deep-sea corals, and one of the most diverse seaweed communities in the
world.

The Sanctuary borders Olympic National Park and lies within the U&As of four
federally-recognized American Indian tribes: the Hoh, Makah, and Quileute Tribes, and the
Quinault Indian Nation (the four coastal treaty tribes). The Sanctuary also enhances protection of
the Washington Maritime National Wildlife Refuge Complex, which includes more than 600
offshore islands and emergent rocks within the Sanctuary. Major ocean activities occur within
the Sanctuary, including shipping, tribal and non-tribal commercial fisheries, and research
activities.

The mission of the Sanctuary is “to protect the Olympic Coast’s natural and cultural
resources through responsible stewardship, to conduct and apply research to preserve the area’s
ecological integrity and maritime heritage, and to promote understanding through public
outreach and education.” The Sanctuary is managed using a unique collaborative framework. In
2007, the four coastal treaty tribes, the State of Washington, and the National Sanctuary Program
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created the Olympic Coast Intergovernmental Policy Council (IPC) to provide a regional forum
for resource managers to exchange information, coordinate policies, and develop
recommendations for resource management within the Sanctuary.

In addition, the Sanctuary also works with a Sanctuary Advisory Council (SAC), an
advisory group with representatives from the coastal treaty tribes, state and federal agencies,
local governments, and a variety of local stakeholder interests. The SAC advises the Sanctuary
superintendent on the management and protection of the Sanctuary; and deliberates and provides
recommendations on Sanctuary operations, education and outreach programs, regulations and
enforcement efforts, and marine policy and management plans.

The Sanctuary has several goals and objectives aimed at protecting the ecological
resources and cultural uses within the Sanctuary. Examples of their goals and programs include:
investigating and enhancing the understanding of ecosystem processes through research,
enhancing ocean literacy, conserving natural resources within the Sanctuary, enhancing
understanding and appreciation of the Olympic Coast’s maritime heritage, and facilitating wise
and sustainable uses within the Sanctuary. The 2011 Olympic Coast National Marine Sanctuary
Management Plan outlines several Action Plans involving topics such as oil spill prevention and
preparedness, marine debris, education and outreach, research coordination, and community
involvement (Olympic Coast National Marine Sanctuary, 2011).

For more information about the Olympic Coast National Marine Sanctuary, please see the
2011 Final Management Plan (Olympic Coast National Marine Sanctuary, 2011) or the
Sanctuary website at http://olympiccoast.noaa.gov/.

Authority and Legal Framework

Under the National Marine Sanctuaries Act (16 U.S.C. 1431 et seq.), sanctuaries have the
authority to prohibit particular activities and permit certain activities, if the proposal will not
substantially injure Sanctuary resources and qualities and is found to satisfy the Sanctuary’s
criteria for permitted activities. Activities that would disturb or place a constructed object on the
seafloor within the Olympic Coast National Marine Sanctuary would require a Sanctuary permit.
The Sanctuary could also consider an application to authorize, and potentially condition, other
federal or state authorizations (15 CFR Part 922).

The Sanctuary requires a permit when an individual or organization wishes to conduct an
activity within the Sanctuary that is prohibited by Sanctuary regulations. Prohibited activities
include low-altitude overflights, seafloor disturbances, construction or placement of any structure
on the seafloor, and discharge or deposit of any material. However, whether the Sanctuary
chooses to issue a permit or authorization is dependent upon a number of project-specific factors
including:

e Assessment of the potential injury to Sanctuary resources and qualities
Professional qualifications and finances of the applicant
Duration of the project
Cumulative effects
Impacts of the activity on adjacent tribes, as reviewed by the respective tribes

Permits may be issued for projects that will not substantially injure Sanctuary resources and
qualities and will further one of the following:

e Research related to Sanctuary resources and qualities
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Education, natural or historical resource value of the Sanctuary

Salvage and recovery operations

Archeological understanding

Tribal self-determination and government functions, exercise of treaty rights,
economic development, or other tribal activities

The Sanctuary includes conditions in permits and authorizations to ensure that an approved
project has minimal negative impacts to the marine environment.

Of the potential future uses addressed within the MSP, mining (methane hydrate mining
and sand/gravel mining) as well as new dredge disposal locations*! are prohibited activities and
may not be permitted by the Sanctuary (15 CER Part 922.152). Marine renewable energy,
offshore aquaculture, and marine product extraction? would require Sanctuary authorization,
and the Sanctuary may choose to permit these activities if they meet the criteria discussed above.

Coordination with Olympic Coast National Marine Sanctuary in the
Planning Process

Staff from the Sanctuary were involved in the planning process and will continue to be
engaged during MSP implementation. Sanctuary staff recommended that the Olympic Coast
National Marine Sanctuary be included within the MSP Study Area and that the Marine Spatial
Plan integrate the Sanctuary Management Plan. Sanctuary staff assisted the planning process by
participating as technical advisors in projects such as seafloor mapping prioritization and
ecological indicator development, assisting in several data gathering and mapping projects, and
providing input on overall plan development.

11 Emergency dredge disposal may be permitted by the Sanctuary.
12 Marine product extraction will require permits if benthic organisms are extracted (seafloor disturbance).

Chapter 1: Introduction 1-20


https://www.gpo.gov/fdsys/pkg/CFR-2014-title15-vol3/pdf/CFR-2014-title15-vol3-sec922-152.pdf

References

Court Decisions [Source type 6]

Seminole Nation v. United States, 316 US 386, 1942

U.S. v. Washington, 384 F. Supp. 312, 403 (W.D. Wash. 1974)
U.S. v Washington, 873 F. Supp.1422 (W.D. Wash. 1994)

U.S. v. Washington, subproceeding 09-1, unpublished opinion to date (by Westlaw). Available at
http://www.wawd.uscourts.gov/sites/wawd/files/Makah09-01FFCLandMemorandum.pdf.

Laws [Source type 5]

Revised Code of Washington (RCW)
Government-to-government relationship with Indian Tribes, RCW 43.376

United States Code (U.S.C)
National Marine Sanctuaries Act 16 U.S.C. 1431 et seq.
Magnuson Stevens Act; 16 U.S. 1801 et seq.

Regulations [Source type 7]

Code of Federal Register (CFR)
National Marine Sanctuary Program Regulations, 15 CFR Part 922

Reports, Journals, Etc.

Governor’s Office of Indian Affairs. (2015). State-tribal relations and Centennial Accord.
Retrieved May 5, 2015, from http://www.goia.wa.gov/Relations/Relations.html.
http://www.goia.wa.gov/government-to-government/data/centennialaccord.htm [Source
type 11].

National Oceanic and Atmospheric Administration. Magnuson-Stevens Act provisions; fisheries
off west coast states; tribal usual and accustomed fishing areas, 50 CFR Part 660 8
(2016). Retrieved from
http://www.westcoast.fisheries.noaa.gov/publications/frn/2016/81fr36806.pdf [Source
type 7].

Olympic Coast National Marine Sanctuary. (2011). Olympic Coast National Marine Sanctuary
final management plan and environmental assessment. Office of National Marine
Sanctuaries, National Oceanic and Atmospheric Administration. Retrieved from
http://olympiccoast.noaa.gov/management/managementplan/mgmtplan_complete.pdf
[Source type 11].

The White House. (1994). Memorandum on government-to-government relations with Native
American tribal governments. Federal Register. Retrieved from
https://www.gpo.gov/fdsys/pkg/WCPD-1994-05-02/pdf/WCPD-1994-05-02-Pg936.pdf
[Source type 11].

Chapter 1: Introduction 1-21


http://www.wawd.uscourts.gov/sites/wawd/files/Makah09-01FFCLandMemorandum.pdf

Washington Department of Ecology. (2014). Marine Spatial Plan for Washington’s Pacific
Coast: Summary of SEPA Scoping and Response to Comments. Retrieved from
http://www.msp.wa.gov/wp-content/uploads/2014/01/MSP_scoping_summary_2014.pdf
[Source type 4].

Chapter 1: Introduction 1-22



Chapter 2:

Current Conditions and Future Trends



2.1 Ecology of Washington’s Pacific Coast

Washington’s Marine Spatial Plan (MSP) Study Area® is a highly productive, diverse
ecosystem. Living resources within this ecosystem are the foundation of Washington’s ocean
uses. The health and status of the MSP Study Area’s species, habitats, and ecosystem are of
primary importance to ocean and estuarine users, coastal residents, tribes, and the state of
Washington. The MSP Study Area has several federally and state designated protected areas
(Map 1) designed to protect and foster the health of important habitats and species off
Washington’s Pacific coast.

This section describes the ecology of the MSP Study Area by summarizing the physical
oceanography, water quality status, geomorphology, biology, and ecological stressors of
Washington’s outer coast. Information presented here can be used not only to understand the
ecological context of Washington’s ocean and estuaries, but also to consider potential future new
uses and how they may affect the ecological status of the MSP Study Area. While climate
change is mentioned briefly in this section, a more detailed and thorough explanation of the
impacts of climate change on the ecology of the MSP Study Area can be found in Section 2.11.:
Climate Change.

Physical Oceanography

The currents, tides, eddies, plumes, upwelling, and other physical features of
Washington’s Pacific coast shape habitat, fisheries, and other important services provided by
these highly productive waters. The following section discusses the main physical oceanographic
features that influence the MSP Study Area.

Currents, Upwelling, and Productivity

The Pacific Northwest (including Washington’s Pacific coast) is predominantly
influenced by large-scale ocean processes that exhibit seasonal patterns and a highly dynamic
ocean environment (B. M. Hickey & Banas, 2003). The dominant oceanographic feature of the
Pacific Northwest (PNW) is the California Current System (CCS), which has strong interannual,
seasonal, and daily variability. The CCS includes the strong southward-flowing California
Current, which flows year-round offshore from the shelf break, and a California Undercurrent
which flows northward along the continental slope. The CCS also includes the northward-
flowing Davidson Current in the winter and the southward-flowing California Coastal Jet
Current in the summer. Each current has distinct properties (e.g., temperature, nutrients, oxygen,
salinity) depending upon its source waters, including the Pacific Subarctic, North Pacific Central,
and Southern water masses (B. M. Hickey & Banas, 2003; Pirhalla et al., 2009).

Seasonal circulation patterns bring the water properties from these currents into the
region and strongly influence productivity, transportation routes for larval fish and shellfish,
plankton, and other important ecological features (B. M. Hickey & Banas, 2003, 2008; Pirhalla
et al., 2009). The PNW has an upwelling/downwelling seasonal pattern driven by wind direction.
Upwelling occurs mostly during the spring and summer when the wind comes from the north,

! The MSP Study Area is defined in Section 1.5.
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but with important ‘conditioning’ events occurring in the winter (Black et al., 2011). Upwelling
is the process by which currents and wind stress from the north combine with the Coriolis force
to push surface water offshore and replace it with deep, cold, highly saline, and nutrient-rich
water from below (Figure 2.1-1). Upwelling brings nutrients up into the upper portion of the
water column where sunlight penetrates, known as the photic zone. These nutrients are then
available to phytoplankton that form the base of the coastal and ocean food web. Upwelling can
be variable on a several day scale, with periods of strong upwelling and periods of relaxed wind
and reduced upwelling during the spring and summer (Andrews, Harvey, & Levin, 2013; B. M.
Hickey & Banas, 2003, 2008; Pirhalla et al., 2009).

The seasonal pattern generally transitions to downwelling during the fall, which persists
throughout winter. During downwelling, currents and wind stress from the south push water
onshore. This water is typically warmer, less saline, and less nutrient-rich (B. M. Hickey &
Banas, 2003). Seasonal upwelling and downwelling events can be detected by analyzing
parameters such as sea surface height and chlorophyll-a concentration (Pirhalla et al., 2009).
Figure 2.1-2 provides a general example of seasonal chlorophyll measurements along
Washington’s coast corresponding to increases in chlorophyll in spring and summer (upwelling)
and decreases in fall and winter (downwelling).

jl)pwellinq

Figure 2.1-1. Schematic of upwelling forces. Source: (NOAA Fisheries, n.d.-a).
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Figure 2.1-2. Integrated chlorophyll (all depths) for 2005-2006. Source: (B. Hickey, Banas, & MacCready, 2013)
at http://msp.wa.gov/msp-projects/ocean-conditions/#Chlorophyll.
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In addition to upwelling, other features influence ocean and coastal productivity along the
Washington coast. A significant element is the Juan de Fuca Eddy, a semi-permanent feature
located off the coasts of northern Washington and southern VVancouver Island in British
Columbia. The eddy forms in the spring, dissipates in the fall, and is formed by the outflow from
the Salish Sea through the Strait of Juan de Fuca. The eddy is characterized by high nutrient
content, increased productivity and retention, and enhanced higher trophic-level biomass
(Andrews et al., 2013; B. M. Hickey & Banas, 2008).

The Columbia River Plume is another major feature that influences productivity along
Washington’s Pacific coast. The river plume brings fresh water, sediment, nutrients, carbon, and
organic matter, which increase primary productivity in marine waters. The plume also influences
water circulation, retention, and transportation, which effect plankton and larval fish. The
Columbia River Plume can vary in orientation, but is generally pushed northward along the coast
in the winter during downwelling and generally southwestward during the summer. Although,
this may vary during weak upwelling periods (Andrews et al., 2013; Burla, Baptista, Zhang, &
Frolov, 2010; B. M. Hickey & Banas, 2008). While the Columbia River Plume generally
provides fewer nutrients to the ocean during the summer months, some research suggests the
plume may help sustain local ecosystems by providing a nutrient supply during periods of weak
to no upwelling or during late spring transitions (B. M. Hickey & Banas, 2008).

Coastal trapped waves, another important physical process and feature in the Study Area,
are a complex interaction of shelf slope, wind, and angular momentum. They can accelerate local
longshore currents. Coastal trapped waves can generate as far south as central California (B. M.
Hickey & Banas, 2003). Features such as the Juan de Fuca Eddy, the Columbia River Plume,
coastal trapped waves, and submarine canyons (described below) are estimated to contribute
significantly to the relatively higher productivity of the Washington coast as compared to the rest
of the PNW (southern Oregon and northern California) (B. M. Hickey & Banas, 2008). See
Figure 2.1-3.
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Figure 2.1-3. Schematic of general physical factors limiting nutrient availability and surface response during January,
May, July, and September. Source: Pirhalla et al., 2009.
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Estuaries

Several estuaries occur within the MSP Study Area. Estuaries in the northern portion of
the MSP Study Area are relatively small outlets from coastal rivers. Two large estuaries in the
southern portion of the MSP Study Area, Grays Harbor and Willapa Bay, are significant features
of the southern coast.? Grays Harbor and Willapa Bay consist of multiple channels surrounded
by wide, shallow mudflats. Over half of the surface area in each of these two estuaries is
intertidal (B. M. Hickey & Banas, 2003).

Rivers emptying into Grays Harbor and Willapa Bay are dominated by local rainfall. This
leads to higher river flow in the winter, intermittent flows in the spring, and low flows in the
summer (B. M. Hickey & Banas, 2003). During periods of downwelling, the Columbia River
Plume enters both Willapa Bay and Grays Harbor estuaries (Banas, Hickey, MacCready, &
Newton, 2004). In the large estuaries within the MSP Study Area, upwelling rather than
riverflow is the primary source of estuarine nutrients and primary production (Banas et al.,
2004).

2 The estuary at the Mouth of the Columbia River is not included within the MSP Study Area.
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Tides

Tidal patterns contribute to the high biological diversity of intertidal habitats along the
Washington coast. Tides in Washington are mixed semidiurnal, meaning that there are typically
two high tides and two low tides per day and the consecutive highs and lows differ in height. The
daily tidal range is 2 to 4 meters (6.5 to 13 feet) (Ruggiero et al., 2013). In Grays Harbor and
Willapa Bay, oceanic waters flush up to half of the water volume twice a day.

In the spring and summer, very low tides occur in the morning when cool temperatures
and fog minimize physical stresses (high temperature, desiccation, etc.) on the tidal flats. Low
tides in the winter can cause freezing and increased mortality of exposed organisms (B. M.
Hickey & Banas, 2003; Skewgar & Pearson, 2011). Tides contribute to the exchange of water,
oxygen, nutrients, heat, and other physical conditions in the estuaries and beaches. This is
influential on the various organisms occupying different tidal zones, mudflats, rocky shores, and
other communities (Andrews et al., 2013).

Climate and Large-scale Influences

Washington’s Pacific coast has a temperate climate, with high seasonal precipitation
mostly from October to March and dry, warmer conditions during the summer months. This
seasonal rainfall and snowfall influences river flows, coastal turbidity and sediment input,
temperature, and salinity gradients along the coast and estuaries. Storms during the winter
months also play an important role in shaping the physical environment (B. M. Hickey & Banas,
2003; Pirhalla et al., 2009; Skewgar & Pearson, 2011).

Large-scale, global processes influence weather from year to year and affect climate on
an interdecadal scale. These large-scale climatic processes interact in complex ways and
significantly influence ocean productivity. The El Nifio-Southern Oscillation (ENSO) pattern
causes system-wide differences in sea surface temperature, sea surface height anomalies,
turbidity, and sediment transport processes (Pirhalla et al., 2009; Ruggiero et al., 2013; Skewgar
& Pearson, 2011).

In the northeast Pacific Ocean, the observable responses to a warm phase of ENSO
include warm upper-ocean temperatures, winds that are favorable to downwelling, reduced
primary productivity, the appearance of southern marine species that do not normally frequent
this range, and an elevated average water level. During a cold phase, sometimes referred to as La
Nifa, the opposite will occur (I. M. Miller, Shishido, Antrim, & Bowlby, 2013; Moore, Mantua,
Hickey, & Trainer, 2010). During an El Nifio phase, storms, large waves heights, and wave
angles have also been documented creating erosion hotspots in the PNW (Ruggiero et al., 2013).

The Pacific Decadal Oscillation (PDO) also influences sea surface temperature and sea
level (Pirhalla et al., 2009). In the northeast Pacific, PDO positive phases cause warm
temperatures, positive sea level pressure, and higher sea level (1. M. Miller et al., 2013). The
PDO is a climatic recurring event and studies have shown that marine fisheries abundances vary
over these time series (Mantua, Hare, Zhang, Wallace, & Francis, 1997). During a positive PDO
phase, decreases in production in salmon stocks in Washington, Oregon, and California are
observed. During a negative PDO phase the salmon stocks experience high production in the
same areas (Mantua & Hare, 2002; Mantua et al., 1997; Parson, Mote, Hamlet, Keeton, &
Lettenmaier, 2003). PDO and ENSO occur on different time scales, but positive phases of ENSO
tend to be associated with positive phases of PDO. A typical ENSO event will last for 6-18
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months and a typical PDO event will last for 20-30 years (Mantua & Hare, 2002; Moore et al.,
2010).

Another large-scale process, the Blob (aka North Pacific Mode or marine heat wave), has
influenced sea surface temperature in the MSP Study Area. In 2013-2015, the Blob caused
exceptionally warmer waters off the West Coast (Kintisch, 2015), and may have influenced
marine species ranges and ocean productivity (Bond, Cronin, Freeland, & Mantua, 2015;
Hartmann, 2015; Kintisch, 2015). The Blob is believed to have resulted from a high-pressure
atmospheric ridge (Kintisch, 2015).

Storms and Wave Energy

The PNW is known for its severe waves, particularly during winter storms. Winter storms
create deep-water significant wave heights greater than 10 meters (33 feet) and have generated
wave heights up to 15 meters (49 feet). The strongest storms can achieve hurricane wind speeds.
Winter months (November through February) are characterized by high, long-period waves with
a west southwest approach, and small waves (1 meter or 3 feet) from the west northwest are
typical of calmer, summer conditions (May through August) (Ruggiero et al., 2013).

Increases in wave height and storm intensity have been observed in the PNW over the
last half of the 20™" century (Ruggiero et al., 2013). The frequency of strong storms has also
increased, while the frequency of weak to medium-strength storms has decreased (Ruggiero et
al., 2013).

The storm and wave energy of the PNW has a significant influence on the physical
conditions of the ocean and coast. Wave and storm energy influences erosion, accretion,
sediment transportation, surf zone energy, and flooding. While storm and wave energy impact
the entire PNW coast, the sandy beaches, dunes, and bluffs of the southwestern coast of
Washington are particularly vulnerable to erosion. Major episodes of erosion often occur during
storm events, and this will be exacerbated by increased storm strength or frequency (Climate
Impacts Group, 2009).

Water Quality

Water quality is important for species, habitats, and human health. Several parameters are
regularly monitored to study the causes, trends, and impacts of water quality. This information is
used to develop and adapt management plans to address ecological and public health issues such
as pollution and toxins.

For some water quality parameters, the Washington State Department of Ecology
(Ecology) has developed enforceable water quality standards to protect beneficial uses including
human contact and aquatic life uses (e.g. salmonid migration, rearing, and spawning). The State
is also required to use these standards to prepare a list of water quality limited segments under
the Clean Water Act and Environmental Protection Agency’s implementing regulations. The
Washington State Department of Health (DOH) regulates shellfish harvesting under the National
Shellfish Sanitation Program. This program designates commercial and recreational shellfish
harvest areas and establishes fecal coliform bacteria limits to protect those uses. Water bodies are
regularly monitored to evaluate whether these standards are met.
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For Ecology’s water quality assessment, all available and credible water quality and fish
tissue data® are assessed. Waterbody segments are evaluated and categorized using a water
quality rating system based on the results (Washington State Department of Ecology, 2012b).
Water quality assessment categories are as follows:

e Category 1: meets standards for pollutants tested
e Category 2: waters of concern where there is some evidence of a water quality
problem, but not enough to require production of a water quality improvement project
at this time
e Category 3: insufficient data
e Category 4: polluted waters that do not require a total maximum daily load (TMDL)
o Category 4a: polluted waters with an approved total maximum daily load
o Category 4b: polluted waters with an approved water quality improvement
plan that is equivalent to a TMDL
o Category 4c: impaired by a non-pollutant
e Category 5: polluted waters that require a TMDL or another type of water quality
improvement project

Category 5 listings are commonly referred to as 303(d) listings for impaired waters, in
reference to section 303(d) of the federal Clean Water Act. Category 5 waterbody segments will
need a TMDL, pollution control program, or other actions to reach compliance with water
quality standards.

TMDLs or other water quality improvement projects are a management approach to
cleaning up 303(d)-listed (polluted) waterbodies so that they meet state water quality standards.
Water quality improvement plans allocate pollutant discharges to point and nonpoint sources so
that the loading capacity (the maximum amount of pollutants a waterbody can receive and still
meet water quality standards) is not exceeded. Wasteload allocations for point sources are
incorporated into National Pollutant Discharge Elimination System (NPDES) permits, which set
effluent limits and requirements for treatment of their effluent. The implementation of best
management practices (BMPs) is intended to reduce nonpoint pollution sources that affect water
quality. The federal Environmental Protection Agency (EPA) approved the current water quality
assessment in 2016.

Ecology also conducts water quality monitoring for parameters that are not included in
the water quality standards, to track changes in overall marine conditions due to human and
climatic influences (Washington State Department of Ecology, 2014a, 2014b). Other priority
water quality issues are monitored in Washington by Ecology, other state agencies, and various
organizations. The four coastal treaty tribes also monitor water quality in their respective
U&As,* particularly for HABs and recreational beach safety. The following are summaries of the
main water quality considerations within the MSP Study Area.

3 Data must meet the state Credible Data Quality Act.
4 The State does not address 303(d) listings on tribal lands but does for the tribal U&As off-reservation.
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Dissolved Oxygen

Dissolved oxygen in the water is essential for all aerobic marine and estuarine life.
Dissolved oxygen levels are primarily influenced by the water’s temperature, gas exchange with
the atmosphere, and source. Dissolved oxygen can decline in waters with high levels of
respiration, either from an excess of nutrients producing decaying organic matter, or from deep
ocean waters with a prolonged absence of photosynthesis. Colder water holds more dissolved
oxygen, and warmer water holds less. Deep waters beyond the continental shelf naturally have
low oxygen concentrations.

Hypoxia (a state of low dissolved oxygen concentration) in Washington shelf and coastal
waters is related to upwelling. Upwelling delivers oxygen-depleted water from the bottom up to
the surface, periodically causing hypoxic or even anoxic (no oxygen) conditions (Office of
National Marine Sanctuaries, 2008). The nutrients delivered by upwelling can induce algal
blooms, leading to increased quantities of sinking organic matter. This matter is then respired
which further depletes oxygen (Rabalais et al., 2010). Along the upper continental slope, the
layer of deep water extending to depths greater than 1,000 meters (3,280 feet) that has
persistently low oxygen is called the oxygen minimum zone. Historical data suggests that this
layer, which is already normally hypoxic, is showing trends of increased temperature and even
lower oxygen (Office of National Marine Sanctuaries, 2008).

Decreased oxygen levels in already low-oxygen deep waters or the intrusion of low-
oxygen waters into shallower areas towards shore (via upwelling) can stress communities and
kill marine organisms (Office of National Marine Sanctuaries, 2008). In 2006, hypoxic
conditions were severe enough to cause widespread fish and invertebrate mortality along the
Washington and Oregon coasts (Chan et al., 2008; Office of National Marine Sanctuaries, 2008).
Data indicate that the frequency, intensity, and extent of hypoxic conditions off Oregon’s shelf
waters has been increasing since 2000. Anoxic conditions had never been recorded before 2006
(Chan et al., 2008).

In Willapa Bay, one water quality segment at the mouth of the Willapa River has been
listed as Category 4a for dissolved oxygen. Other segments towards the southern part of the bay
near the mouth of the Naselle River and just west of Long Island are listed as Category 2
(Washington State Department of Ecology, 2012a). The Willapa River Dissolved Oxygen
TMDL study found that point sources were the primary negative influence on dissolved oxygen
levels in the Willapa River. A TMDL established wasteload allocations for wastewater treatment
facilities and seafood processors that discharge to the Willapa River (Washington State
Department of Ecology, 2006). Grays Harbor currently has no TMDLs for dissolved oxygen.
Grays Harbor and Willapa Bay are strongly influenced by large oceanographic forces on the
coast, and may experience low dissolved oxygen levels during upwelling events (C. Krembs,
personal communication, May 71, 2015).

Nutrients

Nutrients like nitrogen and phosphorus are essential to plant and animal nutrition, but in
high concentrations can lead to a decline in water quality (Andrews et al., 2013). The over-
enrichment of water by nutrients can lead to eutrophication, which causes enhanced primary
productivity and increased algal blooms. When this happens, much of this organic matter then
descends into bottom waters, which leads to increased microbial activity and decreased dissolved
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oxygen (Diaz & Rosenberg, 2008). The resulting decrease in dissolved oxygen can cause
mortality of fish and invertebrates. Nutrient concentrations can vary between locations and
systems, and are a result of complex natural and human-influenced sources. Anthropogenic
sources of nutrients can come from point sources, such as sewage treatment plants and urban
stormwater, or nonpoint sources such as failing septic systems and agricultural runoff (Andrews
etal., 2013).

Nutrient concentrations can be naturally quite high along the Pacific coast of
Washington. This is due to upwelling of nutrient-rich water, as well as the Juan de Fuca outflow
and Columbia River Plume, which drive the high productivity along the coast (B. M. Hickey &
Banas, 2003). While the northern coast of Washington does not have significant population
centers, the southern coast does have greater human pressures that could lead to increases in
nutrients through point or nonpoint sources. However, determining the contributions of regional
nutrient influences to the Pacific coast from human sources is very difficult given the strong
oceanographic influence through upwelled waters and high variability (C. Krembs, personal
communication, May 71, 2015).

Grays Harbor and Willapa Bay are strongly influenced by oceanographic forces such as
currents and upwelling (B. M. Hickey & Banas, 2003), as well as riverine supply from the
Chehalis River or Columbia River during downwelling winds from the south. Nutrient
monitoring data from Ecology’s Environmental Assessment Program show no significant trends
in nutrient changes from 1999-2013 within Grays Harbor or Willapa Bay for nitrogen or
phosphorus parameters (Washington State Department of Ecology, 2014a). There are currently
no TMDLs related to nutrients for either Grays Harbor or Willapa Bay (Washington State
Department of Ecology, 2012a).

Carbon Dioxide and Ocean Acidification

Carbon dioxide (CO.) dissolved in seawater decreases the pH of the water, making the
ocean more acidic. This results in a corrosive environment for some shell-forming organisms.
The decline in pH is known as ocean acidification.> CO> in the ocean can come from several
sources. The primary driver of ocean acidification is from the ocean absorbing atmospheric COx,
which is currently at significantly elevated levels compared to historic conditions from the
burning of fossil fuels.

On the Washington coast, low ocean pH is also a result of upwelled high-CO> ocean
waters. Decomposition (respiration) of organic material releases CO2, and these cold bottom
waters, which have been out of contact with the ocean surface for up to a few decades, bring
cold, CO2-rich waters to the surface. This is a natural phenomenon. Other sources that contribute
to ocean acidification include increased nutrient inputs. These inputs can increase algal blooms,
and in turn, increase the decomposition of organic matter when the algae die, thereby decreasing
pH. Freshwater river inputs may also be more acidic than ocean water and therefore influence the
acidity of estuarine and coastal waters (Feely, Klinger, Newton,& Chadsey, 2012).

When the oceans take up CO., the pH is lowered and the availability of carbonate
(CO3?) is also reduced. The reduced pH and carbonate availability lowers the saturation state of
the calcium carbonate (CaCO3) biominerals aragonite and calcite, which many marine species
use in shell and exoskeleton formation. When the saturation state is lowered, it can become more

5 Ocean acidification is also discussed in Section 2.11: Climate Change.
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difficult for shell-forming organisms such as oysters, crabs, corals, pteropods, and phytoplankton
to build the shells necessary for their survival (Feely et al., 2012). Studies have also shown a
range of impacts from ocean acidification on fish larva development, behavior, tissue and organ
structure, otoliths, olfaction, and egg survival (Stiasny et al., 2016). Ocean acidification has the
potential to affect populations, species distributions, food webs, and disease prevalence (Feely et
al., 2012).

The Washington coast is particularly vulnerable to ocean acidification because upwelling
naturally brings low-pH waters to the coast. Effects of low aragonite saturation states have
already been observed in the oyster industry. PNW oyster hatcheries raising oyster larvae
experienced mass mortalities in the mid-2000s. Natural oyster recruitment was also low during
these years. CO> and saturation state monitoring revealed that the water intake during those
failure events was low in pH and saturation state. The industry has used monitoring equipment
and pH buffering to adapt to acidic conditions and increase hatchery success (Feely et al., 2012).
Pteropods are an important component of the marine food web in Washington as they are
consumed by fish, seabirds, and whales, and are a key prey for salmon. Studies have shown that
pteropod species suffer decreases in calcification and growth rates with declining pH (Feely et
al., 2012).

Recent laboratory experiments have found that Dungeness Crab larvae experience
slower development and decreased survival with decreasing pH. This would likely have
population-scale impacts and could potentially cause a decline in the fishery (J. J. Miller, Maher,
Bohaboy, Friedman, & McElhany, 2016).

Scientists anticipate that ocean acidification and associated effects will increase in the
future, causing more challenges for the recreational and commercial fishing industries and
resulting in unknown effects to PNW species, habitats, and ecosystems. These impacts could
extend to fisheries, human health, and the economy. Ongoing research and monitoring is focused
on understanding this phenomenon to better prepare industry responses and resource
management actions (Feely et al., 2012).

Harmful Algal Blooms

Phytoplankton concentrations can become quite high in areas with sufficient nutrients,
light, and water retention. Some types of phytoplankton produce toxins which can be harmful to
marine organisms and humans at concentrated levels. The diatoms of Pseudo-nitzschia spp. can
produce the neurotoxin domoic acid, which causes amnesic shellfish poisoning. The
dinoflagellate Alexandrium cantenella produces the neurotoxin saxitoxin, which causes paralytic
shellfish poisoning, and the dinoflagellates of Dinophysis spp produce okadaic acid, which
causes diarrhetic shellfish poisoning. When consumed by humans, these toxins can result in
iliness and even death (Office of National Marine Sanctuaries, 2008; Washington State
Department of Fish and Wildlife, 2015b; Washington State Department of Health, n.d.-b).

Harmful algal blooms (HABSs) occur when levels of phytoplankton with toxins reach a
particular threshold. Shellfish that filter the toxic phytoplankton, such as clams and mussels, can
concentrate the toxins and expose human consumers to harmful levels. Safety levels for toxins in
shellfish are set by the Food and Drug Administration (FDA).

The Olympic Region Harmful Algal Blooms Partnership (ORHAB) and coastal tribes
cooperating with ORHAB, such as Quileute and Makah, regularly monitor phytoplankton levels
in water and toxin levels in both water and in shellfish tissue. The partnership is coordinated by
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the Olympic National Resources Center and consists of the Washington State Department of
Health, Washington Department of Fish and Wildlife, the Quinault Indian Nation, and others.
The Quileute Tribe operates with separate funding and sends samples to DOH; results are posted
through WDFW.

When toxin concentrations reach a particular threshold, the harvest of affected shellfish is
restricted. State beaches have been closed to shellfish harvest and marine waters have been
closed to recreational and commercial crab fishing to protect human health (Olympic Regional
Harmful Algal Bloom Partnership, 2015; Washington State Department of Fish and Wildlife,
2015b). DOH publishes a recreational shellfish safety map and list of public beaches and their
status online. They also post warning signs at beaches, maintain a hotline for beach closure
information, and provide similar information for commercial shellfish growers (Washington
State Department of Health, n.d.-a). The Quileute Tribe posts advisories about high levels of
HAB for its members on its website, on a hotline, and at trailheads for shoreline access.

The occurrence of HABs on the coast is considered a natural phenomenon. Nutrients and
water retention in the Juan de Fuca Eddy create conditions for high productivity and can result in
HABs. Variable winds and upwelling/downwelling forces can push the eddy closer to shore,
bringing the HABs along the coast. This contaminates shellfish harvest beaches, with higher
toxin levels in the northern portion of the Study Area generally occurring during summer and
fall. Southern Washington coast beaches are also affected by HABs, with the Juan de Fuca Eddy
and Heceta Bank (Oregon) suggested as possible primary sources of toxic phytoplankton (B. M.
Hickey et al., 2013). The Columbia River Plume may act as a HAB barrier for southern
Washington beaches during the summer and fall, which can prevent accumulation of toxins in
shellfish. But, it may also act as a HAB conduit during winter and spring, resulting in shellfish
closures (B. M. Hickey et al., 2013).

Suspected increases in the frequency of HABs along the Study Area could be related to
the reduced outflow of the Columbia River Plume due to dams and water removals, as well as
climate-related phenomena (Office of National Marine Sanctuaries, 2008). In 2015, the U.S.
West Coast experienced possibly the largest HAB in recorded history, with HABs extending
from central California to British Columbia and possibly as far north as Alaska. Unusually warm
waters of the Pacific Ocean, referred to as the Blob, are thought to have contributed to this
massive HAB (Doughton, 2015).

Chemical Contaminants

Chemical contaminants such as metals, persistent organic pollutants, hydrocarbons, and
PCBs are also potential pollutants that can affect the health of marine waters. At present levels,
these pollutants are not a concern within the waters of the Olympic Coast National Marine
Sanctuary (OCNMS), and monitoring suggests that water quality is currently good throughout
the Olympic Coast (Office of National Marine Sanctuaries, 2008).

Grays Harbor is surrounded by commercial forestry and agriculture and has municipal
and commercial point source discharge facilities. Water quality is monitored for various
contaminants including metals, pesticides, and organic pollutants. In 1992 a TMDL was
established for dioxin, a contaminant released into Grays Harbor as a by-product of pulp and
paper bleaching from paper mills. Wasteload allocations for 2,3,7,8, TCDD (dioxin) were made
for two facilities in Grays Harbor, one of which has since ceased operation. Dieldrin, a legacy
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pesticide, is listed as a Category 5 for a segment near Westport based on tissue samples from
mussels (Washington State Department of Ecology, 2016a).

Willapa Bay’s surrounding watershed is mostly rural except for the cities of Raymond
and South Bend. City industries include lumber mills and seafood processing. The river valley is
dominated by agriculture, with the surrounding area mostly used for forestry. Willapa Bay is
monitored for contaminants, including several pesticides and other pollutants. Chrysene, a
compound from creosote used for preserving wood, as well as the polycyclic aromatic
hydrocarbons Benzo(a)anthracene and Benzo(b)fluoranthene are listed as Category 5 in limited
segments of Willapa Bay based on results from mussel tissue samples. Willapa Bay has no other
water or fish tissue contaminant TMDL listings (Washington State Department of Ecology,
2016a).

Fecal Coliform Bacteria

Bacteria from human and animal waste can pose a threat to human health. Bacteria can
enter the water from malfunctioning wastewater treatment plants, improperly functioning septic
systems, vessel discharge,® and from livestock, pets, wildlife, and humans. As bacteria levels
increase, so does the risk of human illness. When bacteria levels in water become high enough,
swimming beaches and shellfish harvesting areas along state beaches are closed to protect human
health (Washington State Department of Ecology, 2014c). Bacteria in shellfish growing areas
and swimming beaches are routinely monitored by DOH in coordination with the Washington
State Department of Ecology, tribes, and local partners.

A particular area of concern is the Pacific Coast Growing Area in Grays Harbor County,
which extends north from Ocean Shores to Point Grenville. This area is approved for commercial
shellfish harvest,” and the portion from Moclips to Ocean Shores is a tourist destination and
popular spot for recreational harvest of Razor Clams. Fecal coliform bacteria levels became high
enough for DOH to close two sections of the Mocrocks Razor Clam beach in the summer
beginning in 2011. A portion of the Copalis beach at Oyhut was closed year-round to shellfish
harvesting starting in 2013. Three zones within this area are listed as Category 5 on the state
Water Quality Assessment (Washington State Department of Ecology, 2016a). The Washington
Department of Ecology is working with DOH, Grays Harbor County, and the Quinault Indian
Nation to identify the source(s) of fecal coliform bacteria contamination within the area of
concern. Potential sources of contamination in this area include stormwater, wastewater
treatment plants, failing on-site septic systems near beaches and creeks, pet and horse waste,
human waste from recreation activities, and wildlife waste (Swanson & Anderson, 2014).

Segments within Grays Harbor are listed as Category 4A on the state Water Quality
Assessment for fecal coliform bacteria and there is a TMDL to address this issue. Bacteria levels
have resulted in repeated temporary shellfish harvest closures for commercial shellfish growers
in the central and western areas of the harbor that are approved for commercial shellfish harvest.
The Grays Harbor Bacteria TMDL includes waste allocations for NPDES-permitted sources of
bacteria into the Harbor including: two seafood processors in Westport; Ocean Spray
Cranberries; two pulp mills; discharges from sewage treatment plants in Aberdeen, Hoquiam,
Ocean Shores, and Westport; and stormwater runoff from the cities of Hoquiam and Aberdeen.

& Vessel discharges as a source of pollution are discussed below in the Stressors section.
" There is no public access north of the Moclips River. Commercial harvest of Razor Clams is conducted by the
Quinault Indian Nation.
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Load allocations were also established for nonpoint source pollution reductions for all tributaries
to Grays Harbor including: the Chehalis River, Hoquiam River, Humptulips River, and the
numerous smaller watersheds surrounding the harbor (Rountry & Pelletier, 2002).

Segments of Willapa Bay are listed as Category 5 in the state Water Quality Assessment
for fecal coliform bacteria. The section of the bay at the mouth of the Willapa River is listed as
4a and is associated with the Willapa River Bacteria TMDL. The TMDL established wasteload
allocations for NPDES discharges to the Willapa River and load allocations for nonpoint source
reductions throughout the watershed including tributaries to Willapa River (Ahmed & Rountry,
2007). There is a prohibited commercial shellfish harvest area in the Bay at the mouth of and
including the lower part of the Willapa River because of the wastewater treatment plant
(WWTP). Commercial shellfish harvest is also prohibited in an area at Bay Center because of
high fecal coliform samples in that area (Office of Environmental Health and Safety, 2015).
Recent construction of a regional wastewater treatment plant and closure of the South Bend and
Raymond sewage treatment plants are expected to help improve bacteria and DO conditions in
the Willapa River.

North of the Pacific Beach Growing Area ending at Point Grenville, monitoring efforts
along the coast within the Sanctuary and in tribal U&As indicate that there is reduced concern
for bacteria in these waters (Office of National Marine Sanctuaries, 2008).

Temperature

The Pacific Ocean and Washington coastal water temperatures are driven by large-scale
oceanographic forces, upwelling, currents, and climatological factors. Average sea surface
temperature ranges from about 8°C to 16°C (46°F to 61°F) annually. Sea surface temperature
varies across the shelf (nearshore to offshore) due to local upwelling/downwelling forces
(Pirhalla et al., 2009). At a larger scale, ocean temperature is influenced by climatic forces such
as the EIl Nifio-Southern Oscillation and the Pacific Decadal Oscillation. In recent years, warm
temperature anomalies ranging from 1°C to 4°C (2°F to 7°F) have been observed (the Blob) in
the Pacific Ocean along the West Coast and are attributed to decreased cooling during the winter
months (Bond et al., 2015; Hartmann, 2015). Ocean temperature is important to track because it
influences species distributions, interactions, and survival, and changes in temperature may have
important implications for commercially important and sensitive species (Andrews et al., 2013)

The shallow estuaries of Grays Harbor and Willapa Bay are influenced by
upwelling/downwelling but are also subject to solar heating during the summer (B. M. Hickey &
Banas, 2003). Both Grays Harbor and Willapa Bay are monitored for temperature water quality
standards and have Category 2 (waters of concern) water segments, yet there are currently no
temperature TMDLSs for these estuaries. Grays Harbor segments with temperature increases
beyond the water quality standards have been attributed to natural conditions (Washington State
Department of Ecology, 2012a). Willapa Bay has several Category 2 temperature segments, and
it is unclear to what extent natural conditions and human actions are influencing temperature
increases (Washington State Department of Ecology, 2012a).
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Geomorphology

Washington’s coast is located in a tectonically active region, in which the Juan de Fuca
oceanic plate is subducting under the North American continental plate. This is known as the
Cascadia Subduction Zone. This geologic activity has resulted in the creation of the Olympic
mountain range, the Cascade mountain range, and the dynamic coastal cliffs along the northern
coast. Up until about 5 million years ago, much of the material forming the present coastal
mountain ranges and western Washington was under the ocean, at which time they began to be
uplifted as the oceanic plate slid under the continental plate. Today’s coastline is the result of
erosion processes acting on the uplifted material over the past 5 million years, and is considered
to be a relatively young landscape (Ruggiero et al., 2013).

Washington’s shoreline has a diverse physical landscape with dramatic coastal cliffs,
rocky outcrops, expansive beaches, dunes, and pocket beaches separated by headlands (Map 3).
The northern portion of the Washington coastline from Neah Bay to Point Grenville is dominated
by rocky shores with short stretches of pocket beaches. Wave erosion has formed steep cliffs at
various locations. In many places, wave-cut platforms inundated by tides contain small islands,
sea stacks, and rocks protruding from the platform surface (Olympic Coast National Marine
Sanctuary, 2011; Ruggiero et al., 2013).

From Point Grenville south to Cape Disappointment on the Columbia River, the southern
boundary of the MSP Study Area, the coastline is dominated by broad sandy beaches, dunes, and
ridges (Olympic Coast National Marine Sanctuary, 2011; Ruggiero et al., 2013). Coastal dunes
are derived from sand carried by longshore drift and wind erosion (Skewgar & Pearson, 2011),
and wetlands have formed behind the dunes in many areas (Hruby, 2014). The large estuaries in
the southern portion of the Study Area, Grays Harbor and Willapa Bay, are fronted by large
barrier spits, and have large expanses of wetlands. The Long Beach Peninsula (aka North Beach
Peninsula), which consists mostly of the barrier spit separating Willapa Bay from the Pacific
Ocean, is about 28 miles long. The low-lying central and southern portion of Washington’s
Pacific coast is vulnerable to rising sea level with the potential for increased coastal inundation,
erosion, flooding, and higher tidal and storm surge (Snover, Mauger, Whitely Binder, Krosby, &
Tohver, 2013).

Sediment is transported along the coast and nearshore areas by waves and currents.
Winter storms generate large waves that push the sediment in a northerly direction, while calm
summer waves transport sediment to the south. In the Columbia River Littoral Cell, which
extends from Tillamook Head, Oregon to Point Grenville, Washington, the net sediment
transport is to the north, particularly in the subcells north of the Columbia River (Washington’s
coast). Storm events have caused localized, short-term erosion in some areas. Anthropogenic
changes such as jetties and dams have resulted in erosion and accretion changes to the beaches.
Some locations are subject to chronic erosion, most notably the North Cove area just north of the
mouth of Willapa Bay (aka Washaway Beach). This area has seen long-term erosion rates (100
years) of about 30 meters (100 feet) per year, and short-term erosion rates (20-40 years) of 56
meters (180 feet) per year. However, erosion areas like this are fairly limited and the vast
majority of Washington’s shoreline is currently stable or accreting over time (Ruggiero et al.,
2013).

Washington’s continental shelf and slope progressively widen to the north, ranging from
15 nm to 78 nm in width. The 330 foot water-depth contour occurs fairly close to shore, usually
within 22 nm (Minerals Management Service, 2007). The continental shelf is composed
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primarily of soft sediments and glacial deposits of gravel, including cobble and boulders,
punctuated by rocky outcrops (Olympic Coast National Marine Sanctuary, 2011). The coast from
northernmost end of the MSP Study Area south to the Hoh River consists largely of hard and
mixed substrate, with rocky reefs and outcrops. From the Hoh River south to the Columbia River
there is mostly soft, sandy substrate. Throughout the Study Area, outcrops may form rocky reefs
scattered among the soft substrate (Map 3). Most notable is Grays Bank, a large rocky reef about
9 miles across the inner and middle shelf characterized by high habitat diversity. Seafloor
modeling predicts that an unknown number of rocky outcrops could be scattered throughout the
presumably mostly soft substrate of the Washington continental shelf (Goldfinger, Henkel,
Romsos, Havron, & Black, 2014).

Empirical seafloor mapping data for the MSP Study Area is limited. Modeling efforts
have attempted to create regional maps of geology and habitats to estimate the primary features
and makeup of the seafloor. Data quality, confidence, and predictability vary by location and site
specific mapping is recommended to accurately assess substrate and habitat features on a local
scale (Goldfinger et al., 2014). Some seafloor mapping projects undertaken in the MSP Study
Area include the Washington State Outer Coast Seafloor Atlas of the OCNMS, and a 2011 lidar
coastal survey by the U.S. Army Corps of Engineers National Coastal Mapping Program.®

NOAA completed a seafloor mapping prioritization process for the Washington Marine
Spatial Plan in 2015. This process evaluated existing seafloor data and prioritized locations
within the Study Area that resource managers, scientists, and other stakeholders identified as
being important for informing future management decisions. Two offshore and three nearshore
priority areas were identified and represent opportunities to focus limited resources on key
mapping needs. The most important management issues identified for these areas by participants
were ecosystem based management, living resource management, coastal inundation & natural
coastal hazards, “other regulatory” issues, sediment management, and research were identified as
the most important management issues for these areas (NCCOS, 2015). The final prioritization
report can be found at http://www.msp.wa.gov/wp-
content/uploads/2015/03/NCCOS_SeafloorMappingReport.pdf.

The MSP Study Area also includes the shelf break and slope (a.k.a. coastal margin), a
transition zone between the oceanic plate and the continental plate, which rapidly increases in
depth toward the abyssal plain. Several submarine canyons cut into Washington’s continental
slope and shelf, including the Nitinat, Juan de Fuca, Quinault, Gray’s, Guide, Willapa, and
Astoria Canyons (B. M. Hickey, 1995) (Map 3). The canyons vary in size, with the Juan de Fuca
Canyon trough transecting the northern portion of the Study Area angling toward the Strait of
Juan de Fuca.

Submarine canyons are regions where massive submarine landslides occur and act as
channels for coastal sediment to reach the deep seafloor (Olympic Coast National Marine
Sanctuary, 2011). Submarine canyons are also noted to be habitats with high biological activity
and diversity (B. M. Hickey, 1995). Canyons can enhance coastal upwelling by providing a
conduit for deep, cold, nutrient rich seawater to reach the bottom boundary layers of shelf water,
where it can be upwelled by local wind forcing and contribute to the high productivity of
Washington’s ocean waters (B. M. Hickey & Banas, 2008).

8 Available at http://olympiccoast.noaa.gov/science/habitatmapping/habitatmapping.html

% Available at https://catalog.data.gov/dataset/washington-2011-lidar-coverage-usace-national-coastal-mapping-
program
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Earthquakes and Tsunamis

The Cascadia Subduction Zone (CSZ), located along the West Coast from northern
Vancouver Island down to northern California, is a region full of active earthquake faults. The
Juan de Fuca Plate is subducting underneath the North American Plate, which causes friction and
stress. Scientists believe the two plates are currently locked, so that a major earthquake has not
occurred. Eventually when the stress becomes too great, the major faults will rupture, causing
significant earthquakes. There are three different types of earthquakes: deep, shallow, and
subduction zone.

In the 1980s, scientists became aware of the risk of “great” subduction zone earthquakes
in the Cascadia region. Geologic records revealed that in 1700, an earthquake with an
approximate magnitude of 9.0 on the Richter scale occurred in the CSZ, and further
investigations revealed that a similar great earthquake occurs on average every 500 years in the
Cascadia region (Cascadia Region Earthquake Workgroup, 2013). Smaller CSZ earthquakes are
thought to occur off the Oregon and northern California coasts (Goldfinger et al., 2012).

The next great CSZ earthquake is anticipated to have a magnitude from 8.0 to over 9.0. It
will cause substantial damage, particularly to coastal areas, and may result in several large
tsunamis. During a CSZ earthquake, a portion of the seafloor is suddenly thrust upwards, which
displaces the entire ocean above it, resulting in long-period waves radiating outward from the
source. Multiple waves can be generated, and travel up to about 500 miles per hour through the
deep ocean. Recent examples of subduction earthquakes and associated tsunamis in other areas
of the world include the 2011 magnitude 9.0 earthquake in Tohoku, Japan and the 2010
magnitude 8.8 earthquake in Maule, Chile (Cascadia Region Earthquake Workgroup, 2013).

Biology

MSP Study Area waters have high biological productivity and support a variety of
habitats and species, many of which are important ecologically, culturally, and economically to
Washington, the United States, and the world.® Habitats are where organisms live, eat, shelter,
and reproduce. A living ecosystem is a collection of habitats, and healthy marine habitats are the
foundation of healthy communities of marine life. The MSP Study Area is comprised of many
habitats which support numerous species of fish, mammals, and birds. This section describes the
key habitats and species found within Study Area waters to tell the story of marine life off
Washington’s Pacific coast and to emphasize the importance of protecting these biological
resources now and in the future.

As a part of the marine spatial planning process, scientists at NOAA developed
conceptual models of the key ecological components, physical drivers, and human activities in
the MSP Study Area. They also evaluated and selected a portfolio of indicators for these key
components and quantified the status and trends of the indicators. The results are presented in the
following two reports, which are used as frequent references for this section. Readers are
encouraged to consult the reports for references to the original research.

10 Olympic National Park is a UNESCO World Heritage Site.
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e Andrews, K. S., Coyle, J. M., & Harvey, C. J. (2015). Ecological indicators for
Washington State’s outer coastal waters. Seattle, WA: Northwest Fisheries Science
Center. Report to the Washington Department of Natural Resources. Retrieved
from http://www.msp.wa.gov/wp-
content/uploads/2015/03/NWFSC_EcosystemIndicatorReport.pdf.

e Andrews, K. S., Harvey, C. J., & Levin, P. S. (2013). Conceptual models and
indicator selection process for Washington State’s marine spatial planning process.
Conservation Biology Division, Northwest Fisheries Science Center, National Marine
Fisheries Service, National Oceanic & Atmospheric Administration. Retrieved
from http://www.msp.wa.gov/wp-
content/uploads/2013/07/NOAA_NWEFESC_ConceptualModel_FinalReport.pdf.

Habitats

Several habitats occur within the MSP Study Area. For the purposes of this MSP, six
major habitat types are described: pelagic, seafloor, kelp forests, rocky shores, sandy beaches,
and large coastal estuaries. These habitat categories were chosen by the National Marine
Fisheries Service Northwest Fisheries Science Center for the ecological indicators and the
ecological status and trends reports produced for the MSP (Andrews, Coyle, & Harvey, 2015;
Andrews et al., 2013). They were derived from categories used in WDFW’s “State of the
Washington Coast” (Skewgar & Pearson, 2011) and the Olympic Coast National Marine
Sanctuary “Condition Report” (Office of National Marine Sanctuaries, 2008).

Pelagic habitat

The pelagic zone represents all water column habitat from the surface to near-bottom in
MSP Study Area waters. Physical drivers important to pelagic habitat include currents, eddies
and plumes, wind-driven upwelling, climatic forces, and solar energy. These forces create a
dynamic pelagic zone, which in turn affects primary productivity, pelagic community
composition, and species survival. For more information on these forces in the MSP Study Area,
please see the Physical Oceanography section.

Phytoplankton are the base of the food web for the entire marine community. The
phytoplankton community off the Washington coast is highly productive due to strong upwelling
of nutrient-rich waters and the influence of the Juan de Fuca Eddy and the Columbia River
Plume. Diatoms and dinoflagellates generally dominate the phytoplankton communities
(Andrews et al., 2013).

Zooplankton are key links in the food chain, connecting primary production to upper
trophic levels.* Many zooplankton migrate vertically in the water column from near the seafloor
to the surface to feed on phytoplankton. Shifts in zooplankton species composition can be
correlated with regional climate and seasonal patterns. Copepods can be categorized based on
their affinity for water type. Cold water copepods tend to be lipid-rich, providing a key energy
source to pelagic fish, while warm water copepods have a lower lipid concentration and can be a
lower quality food source. Cold water species typically dominate the zooplankton community

1 Trophic levels refer to a class of organisms that occupy the same position in a food chain. Primary production is
the bottom of the food chain, typically made of plants (e.g. phytoplankton). Primary consumers are those organisms

that eat those plants (e.g. zooplankton) and secondary consumers eat primary consumers (e.g. fishthat eat
zooplankton), etc. Upper trophic levels refer to organisms that are higher up on the food chain.
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during the summer upwelling season, while the warm water species usually dominate during
winter. Climate forces such as El Nifio events, the Blob, and the Pacific Decadal Oscillation can
alter these seasonal patterns (Andrews et al., 2015, 2013).

Pteropods can serve as an indicator for ocean acidification because they are experiencing
shell dissolution as acidification increases, and they are a key food source for herring, mackerel,
salmon, and other fish species (Chan et al., 2016). Gelatinous zooplankton are also an important
part of the pelagic food web. Jellyfish compete with forage fish and juvenile salmon for similar
food items, so changes in jellyfish abundance can impact community structure (Andrews et al.,
2015).

The pelagic zone provides important habitat and food for a variety of fish. Forage fish
species, including smelt, Pacific Herring (Clupea pallasii), Northern Anchovy (Engraulis
mordax), and Pacific Sardine (Sardinops sagax), live and feed in the upper pelagic zone. They
act as key links in the food web by transferring energy from plankton to larger predatory fish,
marine mammals, and seabirds. Salmon also spend much of their time in the pelagic zone after
their initial entry into the ocean, feeding on zooplankton (e.g. pteropods) and forage fish.

Albacore Tuna are seasonal visitors to the MSP Study Area. Midwater rockfish, such as
adult Widow Rockfish (Sebastes entomelas), Pacific Ocean Perch (S. alutus), Yellowtail
Rockfish (S. flavidus), and Black Rockfish (S. melanops), spend a large portion of their time
above the seafloor substrate and feed primarily on large zooplankton. Pacific Whiting (a.k.a.
hake) are one of the most abundant fish species in the California Current. They also feed in
pelagic waters on prey items similar to those consumed by salmon, rockfish, and other
groundfish species (Andrews et al., 2013). Myctophids (a.k.a. lanternfish) may be the most
abundant pelagic family of fish. Like many zooplankton, they occupy deeper waters during the
day and rise to feed on phytoplankton at night, providing an important trophic link between
primary production and deeper waters (Davison, Checkley Jr., Koslow, & Barlow, 2013).

Many species of seabirds and marine mammals feed in and transit through the pelagic
habitat of the MSP Study Area. At least 29 species of marine mammals inhabit or transit through
Washington coastal and offshore waters, and numerous species of marine birds live, reproduce,
feed, and transit through the MSP Study Area, some migrating thousands of miles to “winter” in
MSP waters. These animals feed on zooplankton, forage fish, salmon, and other fish (Andrews et
al., 2013; Olympic Coast National Marine Sanctuary, 2011). Occasionally, leatherback sea
turtles also feed in the pelagic habitat of the MSP Study Area, preying mainly upon jellyfish
(Washington State Department of Fish and Wildlife, 2013).

Existing human pressures within this habitat primarily include fishing, atmospheric
deposition of pollutants, and commercial shipping activities (Andrews et al., 2013).

Seafloor habitat

Seafloor habitat includes all bottom habitats in water up to 30 m (98 feet) in depth in the
MSP Study Area.'? Physical seafloor habitat can consist of soft/mixed substrates or rocky/mixed
substrates. Empirical mapping of the entire MSP Study Area seafloor habitat is not available.
However, direct seafloor mapping of limited areas along with models suggest that the majority of
seafloor habitat is soft/mixed substrates (Goldfinger et al., 2014). Rocky/mixed seafloor
substrates mainly occur in the northern portion of the Study Area (Map 3). Biogenic seafloor
habitat made up of deep-sea corals, sponges, and anemones has also been observed in the Study

12 This seafloor depth cutoff was chosen in the Ecological Indicators report. For more details, please see Andrews et
al., 2015.
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Area, with fish and invertebrates congregating in these areas. While the entire MSP Study Area
has not been surveyed to date, within the Study Area the highest density of biogenic habitat has
been observed in the canyon areas, such as the northernmost region in the Juan de Fuca Canyon
area. However, many areas with biogenic habitat have been observed throughout the Study Area
(Andrews et al., 2015).

Large zooplankton such as euphausiids (a.k.a. krill) are an important component of the
seafloor habitat food web, as they are a large portion of the diet of many groundfish. The
abundance of predominant krill species has been observed to be much higher during high
upwelling conditions than low upwelling conditions. Sinking microscopic aggregates of organic
and inorganic particles such as bacteria, phytoplankton, detritus, fecal pellets, and bio-minerals
are also an important component of the seafloor food web. Aggregates of this material fall from
the pelagic zone to the seafloor as “marine snow”, where they become food for detritus-feeding
invertebrates and deposit feeders. Peaks in marine snow are commonly observed following large
diatom blooms (Andrews et al., 2013).

Deposit feeders live and feed on the seafloor. Species include several benthic
invertebrates such as amphipods, isopods, small crustaceans, snails, sea cucumbers, worms,
polychaetes, sea slugs, and hermit crabs. They feed primarily on detritus on the seafloor, and are
key links in the food web. Deposit feeders are prey for several commercially or recreationally
valuable species, including Dover Sole (Microstomus pacificus) and Pacific Halibut
(Hippoglossus stenolepis). Other benthic invertebrates include bivalves, corals, sea urchins, and
sea stars, which make up significant proportions of some flatfish and rockfish diets. The seafloor
is also important habitat for Dungeness Crab (Metacarcinus magister), a highly valuable
commercial fishery and important prey for sharks, large rockfish, and octopus. Spot Prawns
(Pandalus platyceros) and Pink Shrimp (P. eous and P. jordani) are also commercial harvest
species associated with the seafloor habitat (Andrews et al., 2013).

Groundfish provide one of the primary fisheries for Washington coastal communities.
The groundfish assemblage consists of many different families, including rockfish, roundfish,
flatfish, and elasmobranchs. These species rely on seafloor habitat and their diets consist of many
benthic invertebrates and other fish. Commercial fishing activity from bottom trawl and other
gear may interact with the seafloor and cause damage, particularly to high relief or hard substrate
areas.

Low dissolved oxygen events (hypoxia and anoxia) are physical stressors to seafloor
habitat. These events can cause stress to and mortality of organisms along the seafloor, especially
immobile or slow-moving benthic invertebrates that are unable to leave the area during low
oxygen conditions. This may affect the seafloor food web and possibly impact the groundfish
assemblage (Andrews et al., 2013). Hypoxia impacts are expected to grow rapidly in intensity
and extent over the coming decades (Chan et al., 2016). For more information, please see the
Dissolved Oxygen section.

Kelp forests

Kelp forest habitat includes floating kelp canopies of bull kelp (Nereocystis leutkeana) or
giant kelp (Macrocystis pyrifera), submerged kelp beds (e.g., Laminaria spp. and Pterogohora
californica), and rocky reefs that occur at depths of less than 30 meters (98 feet). Rocky reefs are
included in the kelp forest habitat category because many animal species that inhabit kelp forests
also inhabit shallow rocky reefs without canopy-forming kelp. In addition to the two conspicuous
species of canopy-forming kelp, more than 20 species of kelp that do not form floating canopies
occur on rocky reefs in the region, comprising one of the most diverse kelp communities in the
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world (Mumford, 2007). This habitat occurs primarily along the northern coast of the MSP Study
Area with patchy areas in the central coast and estuaries (Map 4 ) (Andrews et al., 2015).

Kelp forests form diverse communities and provide physical structure and energy to the
food web. Kelp provides surface area, creating habitat for sessile organisms. The complex
structural component of kelp serves as a nursery, refuge, and forage area for a variety of fish,
especially rockfish, sculpins, greenling, lingcod, perch, juvenile salmon and others, including
many fish on Washington’s list of Species of Concern.!3 Floating kelp provides surface habitat
that dampens waves, and these semi-protected areas are used as foraging habitat for seals and
several species of birds. Sea otters feed in kelp habitats and rest among floating kelp beds
(Andrews et al., 2013).

Kelp forests and other macroalgae also play a key role in supplying particulate organic
matter and dissolved organic matter to the food chain. Decomposing kelp supports a strong
bacterial community that fuels phytoplankton and benthic filter-feeder growth in the nearshore
environment. In addition, sections or entire plants break loose during storms and sink to the
bottom or wash up on beaches, where they are scavenged by small crustaceans, insects, and other
scavengers (Mumford, 2007).

The total extent of surface canopy, area, and density of kelp beds affects the species
assemblages found in this habitat. Trends in kelp bed characteristics thus provide insight into
ecosystem condition and provide important information about trends in fish and invertebrate
populations. Kelp populations fluctuate seasonally and inter-annually depending upon
reproductive cycles, oceanographic conditions, and herbivore pressure.

Strong storm events and nutrient-poor waters associated with EI Nifio events can
decrease kelp coverage, while cold, nutrient-rich La Nifia events provide extraordinary growth
conditions. Disturbance from storm-driven waves is, however, a natural process and provides an
important opportunity for bull kelp and macroalgae recruitment. Years with suppressed cold
water upwelling can negatively affect kelp forests, as bull kelp is sensitive to increases in water
temperature and the availability of nutrients. Light penetration is also an important physical
factor, and increased sediment runoff due to events like heavy rains or landslides may reduce
densities of bull kelp (Andrews et al., 2013).

In the northern hemisphere, the most widespread and herbivore-induced kelp
deforestations have resulted from sea urchin grazing (Steneck et al., 2002). Three common sea
urchin species graze upon kelp in Washington: red (Mesocentrotus franciscanus), purple
(Strongylocentrotus purpuratus), and green (S. droebachiensis). Sea urchin abundance is
controlled by predation, and the most notable predators of sea urchins are sea otters, sea stars,
humans, and crabs. Sea urchin removal by sea otters can promote the growth of kelp and kelp-
associated communities. Sea otters have ecosystem-level effects across the nearshore marine
communities they inhabit, and this sea urchin/sea otter/kelp trophic interaction has been well
documented in the Pacific Ocean (Andrews et al., 2013). In Washington waters, sea otter
reintroduction and range extension was followed by decreases in sea urchin densities and
increases in algal abundance (Kvitek, lampietro, & Bowlby, 1998; Laidre & Jameson, Ronald J.,
2006). Sea otters also prey on other shellfish including commercially and recreationally valued
species such as clams and crab (Lance, Richardson, & Allen, 2004).

Existing human pressures for kelp forest habitat identified in the ecological indicators
report for the MSP include recreational fishing, pollutants, and excess nutrient inputs (Andrews

13 A current list of Species of Concern is available on WDFW’s website, at
http://wdfw.wa.gov/conservation/endangered/.
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et al., 2015). Increases in water temperature have been shown to negatively impact kelp (Dayton,
1985; Tegner, Dayton, Edwards, & Riser, 1996), and anthropogenic climate change is expected
to negatively affect kelp communities (Harley et al., 2012). Turbidity and sedimentation
profoundly affect kelp communities by changing light availability, scouring plants, or burying
hard substrate (Airoldi, 2003; Shaffer & Parks, 1994).

Rocky shores

The rocky shores habitat category represents rocky and mixed intertidal shorelines in the
MSP Study Area. This habitat generally occurs north of Point Grenville (Map 3) (Andrews et al.,
2015). Rocky shores cover a broad range of substrate types including bedrock, boulder fields,
and cobble and gravel. Tide pools, boulder size, and proximity to sand can influence the
communities within this habitat (Andrews et al., 2013).

Variations in substrate types, tidal elevation gradient, productivity, and local physical
disturbances (storms, drift wood, etc.) lead to a wide diversity of macrophytes in this habitat.
Over 120 species of macrophytes (e.g. macroalgae, surfgrass) have been documented to occur in
rocky habitats within the Olympic Coast National Marine Sanctuary (OCNMS). Macrophytes not
only provide food, but also provide microhabitats for fauna, protecting them from stressors such
as waves, desiccation (drying out), and temperature changes.

This habitat also supports a large biomass of sessile, suspension-feeding benthic
invertebrates. Suspension-feeding taxa include barnacles, mussels, sponges, tubeworms,
tunicates, and others. The upper and lower distribution limits within the intertidal zone for each
species depends upon their resilience to physical factors such as desiccation and temperature, and
other factors like competition and predation. Suspension feeders provide habitat for macroalgae,
invertebrates, and fish. They can influence nutrient concentrations in intertidal waters and
provide food for predators including humans (Andrews et al., 2013).

Dozens of grazing invertebrates inhabit the rocky shores of Washington’s outer coast,
most notably snails, limpets, chitons, and small crustaceans. Grazers are also stratified in their
vertical distribution limits within the intertidal zone. As a group, grazers feed on a variety of
organisms including benthic microalgae, coralline algae, macroalgae, and algal detritus
(Andrews et al., 2013). Prevalent suspension feeders in the rocky shores include barnacles and
mussels that feed on phytoplankton and detritus (Andrews et al., 2015). Predators within rocky
shore habitat include the ochre sea star (Pisaster ochraceus), whelks, anemones, worms, and
crabs. Predators on rocky shores also exhibit zonation and microhabitat preferences (Andrews et
al., 2013).

Pisaster is considered a keystone predator and its presence helps maintain the diversity of
intertidal rocky communities (Andrews et al., 2013). Sea star wasting disease (SSWD)
devastated over 20 species of sea stars from Mexico to Alaska in 2013 and 2014 (Eisenlord et al.,
2016). SSWD has been linked to a densovirus, and disease progression and mortality rates may
have been increased by warm temperature anomalies. In Washington, monitoring showed high
mortality rates in 2014 and continued levels of wasting in survivors in 2015 (Eisenlord et al.,
2016). Larger sea stars were more likely to be observed with the disease and to experience
greater reductions in abundance. As a keystone species, the shift in population to smaller
individuals could have lasting impacts on population recovery and the composition of rocky
intertidal communities (Eisenlord et al., 2016).

Several fish live within rocky shores, moving in and out with the tides and residing in
tide pools. Common species include small sculpins and gunnels. Many seabirds, shorebirds,
raptors, and general foraging bird species also use rocky shores. Oystercatchers, gulls, and crows
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forage within the rocky intertidal zone. Species such as petrels, cormorants, gulls, and murres
nest in colonies on offshore rocky islands and sea stacks. Bald Eagles prey on adults, chicks, and
eggs at seabird colonies. This activity has likely contributed to population declines in Common
Murres (Uria aalge) and Glaucous-winged Gulls (Larus glaurescens).

Harbor seals (Phoca vitulina) are common in rocky intertidal habitats along the outer
coast, and are year-round residents. Rocky islands are also used as haul-outs for Steller sea lions
(Eumetopias jubatus) and California sea lions (Zalophus californianus). Northern elephant seals
(Mirounga angustriostris) have been observed occasionally at some rocky islands (Andrews et
al., 2013).

Several important physical drivers influence rocky shore habitat. The intertidal zone is
defined by tides. Geomorphology and tidal elevation determine which zones are exposed to
various stressors and the length of time they are exposed. Stressors include exposure to air,
temperature changes, predation, and changes in freshwater inputs, wave action, and light.

Organisms that tolerate similar conditions and tidal exposures will group together (aka
zonation). The upper limit of a species distribution is often determined by their tolerance to
physical extremes, while the lower limit is often determined by forces such as competition and
predation. Rocky intertidal organisms are also subject to wave energy, which can cause physical
disturbance, particularly during severe storms. It has also been suggested that wave energy
increases the productivity of rocky intertidal systems by providing competitive advantages for
wave tolerant organisms, replenishing nutrients, and enhancing light uptake by algae. Upwelling
provides nutrients, plankton, and larval recruits to the rocky intertidal system (Andrews et al.,
2013).

There are several existing pressures that could impact the health of rocky shores. Specific
activities include trampling and harvest by human visitors and competition from non-native
species. An additional pressure is pollution, including but not limited to oil spills, marine debris,
and untreated discharge from land or marine facilities or activities (Andrews et al., 2013).

Sandy beaches

Sandy intertidal beach habitat stretches mainly along the southern shorelines of the MSP
Study Area south of Point Grenville, making up about half of Washington’s outer coastline.
Sandy pocket beaches between headlands and near estuaries occur also north of Point Grenville
(Map 3). Physical drivers for sandy beach habitats include sediment deposition, wave energy,
beach slope, upwelling, and climate variability. Upwelling provides nutrients and food to beach
habitat. Weather and climate, such as hot sunny days and strong winter storms, create variable
conditions for organisms living in sandy habitats (Andrews et al., 2013).

Physical forces are central to the ecology and functioning of sandy beaches. Wave
energy, the size of sand grains, and the elevation gradient interact to shape sandy beach systems.
Washington’s southern beaches are generally characterized as dissipative, meaning they are
relatively flat and have fine sand, large tide ranges, and broad surf zones (Andrews et al., 2013;
Skewgar & Pearson, 2011). The wave energy reaching and shaping a particular stretch of beach
will vary depending upon factors such as proximity to headlands and bays, winds during storms,
and offshore structures such as islands, reefs, or sea stacks (Andrews et al., 2013).

Primary producers within sandy habitats are surf zone phytoplankton, benthic diatoms,
and other small autotrophs. The Razor Clam (Siliqua patula) is an invertebrate commonly
associated with Washington’s sandy beaches. Razor Clam digging is a popular recreational
activity along the coast, providing significant economic benefits. Razor Clams also recycle
ammonium into the nearshore water, promoting primary production. Other invertebrate
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macrofauna within Washington’s sandy beach habitat include crustaceans such as shrimp, crabs,
and amphipods, along with polychaetes, snails, and isopods that live in the middle to lower tidal
elevations.

Higher on the beach near the drift line are crustacean scavengers such as beach hoppers
and isopods, as well as terrestrial arthropods. Sandy beaches are also habitat for several meio-
and microfaunal invertebrates (e.g. small worms, mollusks, cnidarians, and unicellular
heterotrophs), although not many studies have been conducted to characterize these communities
on Washington’s beaches (Andrews et al., 2013).

An important ecological interaction in the sandy beach habitat is the importation of
phytoplankton, particulate organic matter, and detritus. Organic matter brought in by waves and
currents provides substantial support for the food chain. In addition, detached kelps and other
macrophytes wash up as wrack on the beach and provide habitat for invertebrates and fish as
well as food sources for foragers. The habitat structure of sandy beaches (beach zonation, grain
size, wave energy, and moisture content) also heavily influences community composition. It is
hypothesized that dissipative beaches like those in Washington support a greater diversity of
microhabitats and niches than intermediate and reflective beaches, which are characterized by
features such as steep slopes, coarser sand, and a lack of surf zones (Andrews et al., 2013).

Dozens of species of fish inhabit subtidal waters along sandy beaches in Washington.
Some, such as surf smelt, spawn in intertidal sand substrate. Common fish include sculpins, sand
lance, surf perches, juvenile tomcod, and flatfish. Birds, including gulls, diving birds, wading
birds, shorebirds, and crows, forage on sandy beaches at high and low tides. Sandy beaches are
also visited by foraging terrestrial mammals (Andrews et al., 2013; Skewgar & Pearson, 2011).

Sand dunes occur along many of the sandy beaches of Washington’s outer coast.
Vegetated dunes are colonized by native or introduced dunegrasses and various small shrubs and
trees. Dunes provide habitat for shorebirds such as sanderlings and snowy plover (Charadrius
nivosus) (Skewgar & Pearson, 2011). The beaches north of Kalaloch are often characterized by
the buildup of large logs that have either eroded off adjacent forested cliffs, or have been carried
down river systems to the coast. Dunes also provide important protection to the shoreline from
wave and storm erosion.

Many existing human activities may affect Washington sandy beaches, including
clamming and recreation, shoreline development, non-native species, sediment changes, oil
spills, and pollution. Sandy beaches south of Point Grenville receive most of their sand from the
Columbia River; therefore, dams and disposal of dredged sand from the mouth of the Columbia
River into offshore waters have greatly decreased the sediment source from the Columbia River
to these beaches (Andrews et al., 2013). This is adversely affecting beach habitat north of the
mouth of the Columbia, since materials removed by erosive action are not replaced.

Large coastal estuaries

Coastal estuaries are semi-enclosed, brackish bodies of water that form where rivers meet
the ocean. They are highly productive ecosystems that support a wide range of species at
different life history stages, along with numerous ecosystem services.* They are also important
transitional systems that are linked to freshwater, terrestrial, and marine processes. In particular,

14 Ecosystem services describes the types of benefits humans receive from functioning ecosystems. Examples of
ecosystem services include providing food and clean water; controlling climate and disease; and supporting primary
production and nutrient cycling.

2.1 Ecology of Washington’s Pacific Coast 2-24



this habitat discussion focuses on Willapa Bay and Grays Harbor, the two largest coastal
estuaries in the MSP Study Area (Andrews et al., 2015).

Large coastal estuaries have varying sediment types (gravel, sand, mud, or silt). Grays
Harbor and Willapa Bay have vast areas of mudflats below salt marshes or terrestrial vegetation,
cut with multiple tidal channels. Wave exposure varies by location, with sand flats replacing mud
flats in areas more exposed to coastal wave energy. Washington’s large coastal estuaries are
significantly influenced by ocean upwelling and downwelling. Salinity varies with proximity to
rivers and bay mouths, and ocean forces and tides can break up the stratification of freshwater on
the surface and saltwater below. Freshwater inputs are highest in the winter and lowest in the
summer. Tidal mixing is a key driver in this habitat, as over 50% of Willapa Bay and Grays
Harbor are intertidal (B. M. Hickey & Banas, 2003; Skewgar & Pearson, 2011). Other physical
drivers include sediment dynamics, river plumes, large-scale climate patterns, and weather
(Andrews et al., 2015).

Estuaries are critical habitat for a variety of marine and terrestrial organisms. Primary
producers include phytoplankton, benthic diatoms, benthic microalgae, macroalgae, and
macrophytes such as eelgrass, kelp, salt marsh plants (Map 4), and terrestrial plants. Salinity and
tidal elevation influence the distribution of plants throughout the estuaries, with the upper
estuarine habitat being host to a variety of plants, and mudflats being mostly unvegetated.
Invertebrates include insect larvae, amphipods, polychaetes, burrowing shrimp, and others
(Skewgar & Pearson, 2011)

Shellfish and fish are abundant in the estuaries. Specific shellfish species include the
Olympia Oyster (Ostrea lurida),*® non-native Pacific Oyster (Crassostrea gigas), non-native
Manila Clam (Venerupis philippinarum), and Dungeness Crab. Numerous listed and
commercially important fish spend at least some part of their life-cycle within estuaries. Specific
fish species include six species of salmon (Oncorhynchus spp.), herring, three-spined stickleback
(Gasterosteus aculeatus), sturgeon (Acipenser spp.), sevengill sharks (Notorynchus cepedianus),
and many others.

Estuaries provide crucial nursery habitat for the juveniles of many species of fish and
crabs. Pacific Herring spawn in Willapa Bay and Grays Harbor (Washington State Department of
Fish and Wildlife, 2017a). Many studies have confirmed that juvenile salmon use estuaries as a
source of food and refuge from predators, and have detailed the spatial and temporal differences
between populations (Hughes et al., 2014; Sandell, Fletcher, McAninch, & Wait, 2013;
Simenstad, Fresh, & Salo, 1982).

Dungeness Crab are also known to rely extensively on estuaries as habitat for juveniles
(Gunderson, Armstrong, Shi, & McConnaughey, 1990; Hughes et al., 2014) Estuaries are also
important foraging areas for visiting wildlife such as migratory shorebirds, ducks, and geese, as
well as terrestrial animals like deer and elk. Harbor seals also reside within coastal estuaries.
Seals haul out on rocks, reefs, beaches, and docks, and feed on invertebrates and fish in marine,
estuarine, and occasionally fresh waters (Andrews et al., 2015; Skewgar & Pearson, 2011).

Biogenic habitats are an important part of the coastal estuarine ecosystem. Eelgrass beds
and oyster reefs are two types of biogenic habitats that are very common in Grays Harbor and
Willapa Bay. Native and non-native eelgrass (Zostera marina and Z. japonica, respectively)
form patchy beds covering thousands of hectares in these coastal estuaries (Map 4). Eelgrass
beds perform a primary production role in the nearshore food web. They create a physical habitat
that provides three-dimensional structure to otherwise bare mudflats, slows water currents,

15 The Olympia Oyster is also a Washington State Candidate Species on the Species of Concern List.
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dampens waves, and traps sediments (Abdelrhman, 2003; Skewgar & Pearson, 2011). Eelgrass is
a key part of the estuarine food web for several species, including birds, invertebrates, and fish.

Brant Geese (Brandt bernida) are one of the few large animals that are direct consumers
of eelgrass, and these plants are an important food source during their twice-annual migration on
the Pacific flyway (Ganter, 2000; Skewgar & Pearson, 2011). Eelgrass provides habitat for
epiphytes, microalgae, macroalgae, and invertebrates that attach to its leaves and are preyed upon
by fish and marine-associated birds. Eelgrass habitat is also vital for several highly important
commercial species at some point in their life-cycle, such as Dungeness Crab, Pacific Herring,
salmonids, shrimp, and flatfish (Skewgar & Pearson, 2011).

The presence of non-native eelgrass can impact the estuarine system. Z. japonica
colonizes unoccupied mudflats and converts them to vegetated habitat (J. L. Ruesink et al., 2010;
Shafer, Kaldy, & Gaeckle, 2014). Direct competition between Z. marina and Z. japonica is often
limited due to their ranges. Z. marina is typically found in high subtidal to low intertidal zones
while Z. japonica is typically found in mid- to high intertidal zones (Mach, Wyllie-Echeverria, &
Chan, 2014; Shafer et al., 2014).

Studies designed to assess the ecological impacts of non-native Z. japonica are limited,
but have found both positive and negative outcomes (Mach et al., 2014). Shellfish growers are
concerned about the impacts of the non-native eelgrass on clam and oyster species important to
aquaculture. One study on commercial clam farms in Willapa Bay found that Z. japonica
impacted Manila Clam growth. The study showed decreased growth rates in study plots with Z.
japonica and greater growth rates where it was removed. In 4 out of 5 commercial clam farms
studied, productivity was greater where Z. japonica was removed than where it was left untreated
(Patten, 2014).

Oysters also create a three-dimensional biogenic habitat in the lower intertidal and
subtidal zones. Fish and invertebrates live within accumulations of oyster shell, and the oysters
provide ecosystem functions by circulating and clarifying water, reducing hypoxia, and filtering
nutrients. Historically, Willapa Bay supported large populations of Olympia Oysters in the low
intertidal zone and the shallow subtidal zone, but they may have been uncommon in Grays
Harbor (Baker, 1995; Cook, Shaffer, Dumbauld, & Kauffman, 2000). Overharvest and habitat
loss led to commercial extinction of the Olympia Oyster by 1930. Recovery has been hindered
by the removal of shell accumulations (the preferred habitat of Olympia Oyster larvae) and the
expansion of eelgrass beds. Recent aquaculture has focused on the non-native Pacific Oyster
(Blake & Zu Ermgassen, 2015; J. Ruesink et al., 2005; Skewgar & Pearson, 2011).

Many human pressures currently exist within Washington’s large coastal estuaries
including fishing, dredging, shellfish aquaculture, non-native species, watershed activities, port
development, and commercial shipping. Pollution is another pressure, including both pollution of
a physical nature like suspended sediment and temperature increases, as well as chemical
pollution including but not limited to acidification (Andrews et al., 2015). While the estuaries
provide valuable habitat functions and ecosystem services, there is an extensive history of human
activities and management within Willapa Bay and Grays Harbor, which has significantly altered
habitats and functions from their original state. For example, in Willapa Bay about 30% of the
tidal marshes between high and extreme high water have been diked and converted to
agricultural or developed land, and sediment loads have been altered by logging and damming on
the Columbia River. In addition, 45 introduced marine species have been documented, and the
Olympia Oyster became commercially extinct due overexploitation and habitat loss (J. L.
Ruesink et al., 2006).
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Estuaries are highly valuable ecosystems. While the MSP has spatial data for some
estuarine species and habitats (e.g. Green Sturgeon critical habitat, marine mammal haulout
locations, seabird colonies, dunegrass, kelp, seagrass, and saltmarsh), up-to-date spatial data for
many estuarine species is not available. However, estuaries are known to be vital habitat for
many commercially and recreationally valuable species, wildlife, and endangered and threatened
species, many of which support key human uses. As a result, the state considers Willapa Bay and
Grays Harbor estuaries to be Ecologically Important Areas. See Section 3.2 for more information
on the Ecologically Important Areas analysis and Section 4.3 for recommendations related
specifically to estuaries and resources within them.

Species

The MSP Study Area is home to many species of marine animals and plants. Various
species are important for commercial and recreational fisheries, are key links in the marine and
estuarine food web, are popular for wildlife viewing, may be state and/or federally protected, or
are simply important to the quality and character of the region’s ecosystem. This section
highlights key fish, marine mammals, birds, and sea turtles that occur within the MSP Study
Area to help tell the biological story of Washington’s ocean and estuaries. Many other taxonomic
groups such as invertebrates, zooplankton, phytoplankton, algae, and plants are also important to
the MSP Study Area. While these taxa are not specifically described here, many are mentioned
briefly within the Habitat section.

Fish

The MSP Study Area is habitat for a variety of fish. Fish are important both ecologically
and economically to the state of Washington. Key groups of fish discussed here are pelagic fish,
groundfish, and salmonids and other anadromous fish.® Map 5 shows the results of the
Ecologically Important Areas (EIA) analysis for fish species.!’

Forage fish, migratory species, and pelagic fish

Forage fish are important links in the ocean food web, connecting primary and secondary
trophic levels to larger predatory fish, marine mammals, and seabirds. Several species of forage
fish inhabit the MSP Study Area (Table 2.1-1). Forage fish tend to be present in high abundance,
feed on plankton for a portion of their life cycle, and form dense schools or aggregations. Forage
fish often feed in pelagic waters, and certain species such as smelt and sand lance spawn on
coastal intertidal sandy beaches (Map 6). Forage fish are prey for a variety of commercially
important and legally protected fish (i.e. salmon), marine mammals, and birds and can be of
interest for commercial, recreational, and subsistence fishing (Andrews et al., 2013; Langness,
Dionne, Masello, & Lowry, 2015).

16 Information on fishing is available in Section 2.4: State and Tribal Fisheries.
17 Details of the EIA analysis, data sources, and maps are provided in Section 3.2: Ecologically Important Areas
Analysis.

2.1 Ecology of Washington’s Pacific Coast 2-27



Table 2.1-1. Forage fish species

Common Name Scientific Name

Surf Smelt Hypomesus pretiosus
Night Smelt Spirinchus starksi
Whitebait Smelt Allosmerus elongates
Pacific Sand Lance Ammodytes hexapterus
Pacific Herring Clupea pallasii
Northern Anchovy Engraulis mordax
Pacific Sardine Sardinops sagax

Many migratory fish species travel through and feed within the pelagic waters of the
MSP Study Area, including species such as the Common Thresher Shark and Albacore Tuna.
These species feed at a variety of levels on the food chain, ranging from plankton to fish or
mammals. Migratory species are important state and tribal fisheries, and because of their
migratory nature can be fished by vessels from multiple nations (Olympic Coast National Marine
Sanctuary, 2011; Pacific Fishery Management Council, 2015). Pelagic fish species are subject to
pressures including those from fishing, pollution, and climate variations. These variations can
include upwelling and influences from source waters, as well as El Nifio/La Nifia events and the
impacts they have on prey availability and habitat (Andrews et al., 2013).

Groundfish

The groundfish (a.k.a. bottomfish) assemblage consists of dozens of species including
rockfish, lingcod, dogfish, halibut, whiting, flatfish, skates, and sablefish. Rockfish refers to a
group of numerous species, with 30 species identified by NOAA in the waters of the Study Area.
Over 15 species of flatfish have been identified in Sanctuary waters. Groundfish occupy several
habitats, including rocky bottoms, kelp, seafloor, and even pelagic areas. Groundfish prey on a
variety of organisms such as euphausiids, plankton, deposit feeders, benthic invertebrates, forage
fish, and other small groundfish (Andrews et al., 2015, 2013; Olympic Coast National Marine
Sanctuary, 2011).

Fishing is a human pressure that has affected groundfish. Several species have been
subject to overfishing, especially during the 1980s and 1990s (Pacific Fishery Management
Council, 2014a). Some rockfish species, like Yelloweye Rockfish, are particularly sensitive to
fishing pressure because they are long-lived and exhibit low productivity life history
characteristics. A few stocks of rockfish within MSP Study Area waters have been declared
overfished since 2000. However, recent fishery management measures appear to have been
successful at rebuilding most groundfish stocks, with only two stocks still classified as
‘overfished’: Yelloweye Rockfish and Pacific Ocean Perch (Garfield & Harvey, 2016; Pacific
Fishery Management Council, 2014a).

Essential Fish Habitat and Rockfish Conservation Area closures for groundfish bottom
trawling have been established. At the time of publication, they are being reconsidered by the
Pacific Fishery Management Council (PFMC) in several areas within the MSP Study Area to
protect habitat and aid in stock recovery. NOAA Fisheries, tribes, and state fisheries
management agencies monitor and assess the status of groundfish populations. However, there
are data gaps in the monitoring of rockfish populations due to the difficulty and cost of
conducting routine, scientific surveys in rocky reef habitats. These habitats are difficult or not
possible to access with the bottom trawl gear used for stock assessments.
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Salmon and other anadromous fish

Salmonids (salmon and related species) and other anadromous fish are of high ecological
and economic importance in Washington. Anadromous species spawn in freshwater systems,
migrate to nearshore and offshore marine areas to feed and grow, and then return to home rivers,
streams, and lakes upon maturity to start the cycle again. Eight species of salmonids, Pacific
Eulachon, Green Sturgeon, White Sturgeon, and Pacific Lamprey spend some portion of their
life within the MSP Study Area (Table 2.1-2). Note that species occurrence can vary by year due
to changing ocean conditions and other environmental factors. American Shad is a non-native
anadromous species that was introduced to the West Coast in the late 1800s and has thrived in
the region. Nine of the thirteen anadromous species in the MSP Study Area are listed under the
federal Endangered Species Act (ESA) or on the Washington State Species of Concern lists
(Washington State Department of Fish and Wildlife, 2017b).

Salmon in particular are a cultural icon to Washington residents, both tribal and non-
tribal. After leaving freshwater, salmon rely on estuarine (Sandell et al., 2013), nearshore, and
pelagic waters and prey on a variety of animals including euphausiids, amphipods, larval
decapods, and forage fish (Andrews et al., 2015, 2013).

Salmon have been and continue to be impacted by numerous pressures including fishing,
loss of freshwater habitat, hydropower dams, land use activities, predation, and poor ocean
conditions, which collectively can include changes in chemical or physical conditions and an
accompanying loss of food supply (NOAA Fisheries, 2014b). Salmonids are considered for
listing and recovery under the ESA by distinct populations known as evolutionarily significant
units (ESUs).

Several listed ESUs (e.g. Puget Sound Chinook) and non-listed ESUs (e.g. Washington
Coast Chinook) spend some or all of their adult lives in the MSP Study Area. Under the ESA,
critical habitat is designated for certain salmon ESUs in streams, rivers, and some bays or
estuaries adjacent to the Study Area. Under the Magnuson-Stevens Act, Essential Fish Habitat
has been designated for marine salmon (Chinook and Coho Salmon) for the entire EEZ. For Pink
Salmon, Essential Fish Habitat has been designated in Puget Sound and the Strait of Juan de
Fuca, and extends into the Study Area. (Pacific Fishery Management Council, 2014b).

Ocean conditions have been used to forecast returns of Chinook and Coho Salmon,
including the Pacific Decadal Oscillation, sea surface temperature anomalies, coastal upwelling,
spring transition dates, and copepod biomass anomalies (Andrews et al., 2015; Burke et al.,
2013; Peterson et al., 2015). Salmon recovery management measures in Washington include
hatchery programs, habitat improvement efforts, and fisheries management (Washington State
Department of Fish and Wildlife, 2008).

Fish in the Coastal-Puget Sound population of Bull Trout are anadromous, as they spawn
in rivers and streams but rear their young in the ocean. Designated critical habitat for
anadromous Bull Trout in Washington includes 655 nautical miles of streams and shoreline
(Map 7) (U.S. Fish and Wildlife Service, 2015). The shoreline critical habitat stretches from
north of La Push south to Grays Harbor (U.S. Fish and Wildlife Service, n.d.).

Green Sturgeon are believed to spend most of their lives in nearshore oceanic waters,
bays, and estuaries. The southern distinct population (SDP) of Green Sturgeon spawns only in
the Sacramento River in California, and is listed under the Endangered Species Act as threatened
(Adams et al., 2007). Adult sturgeon from the SDP enter Willapa Bay in the late spring and early
summer months and feed on burrowing shrimp (Neotrypaea californiensis) (Dumbauld, Holden,
& Langness, 2008; Moser & Lindley, 2007). It is conjectured that they also feed on mollusks,
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amphipods, and even small fish (NOAA Fisheries, 2014a). Green Sturgeon ESA critical habitat
is within much of the Study Area. It occurs along the entire coast, including Grays Harbor and
Willapa Bay (Map 7) (NOAA Fisheries, 2014a).

Pacific Eulachon (aka “candlefish” or “smelt”) are small anadromous fish that typically
spend three to five years in salt water before returning to fresh water to spawn. While in the
ocean, eulachon typically spend their time in nearshore waters and offshore in waters up to 1,000
feet(300 meters) deep. Eulachon populations have declined in the last two decades, partially due
to changing ocean conditions. The fish was listed as threatened under the ESA in 2010 (NOAA
Fisheries, 2015). The latest status review notes that the population has increased since its listing
in 2010; higher estimates may also be a result of improved monitoring (Gustafson et al., 2016).
Eulachon are also key prey for pinnipeds in the MSP Study Area including harbor seals,
California sea lions, Steller sea lions, and Northern fur seals (National Marine Fisheries Service,
2016). The MSP Study Area is important habitat for eulachon, and eulachon ESA critical habitat
is directly adjacent to the Study Area. Eulachon are an important cultural fishery for many tribes
in Washington.

Table 2.1-2. Anadromous fish species found (at some point in their adult life stage) within the MSP Study Area. Source:
Washington State Department of Fish and Wildlife, 2017b.

Common Name

Scientific Name

Federal Status

State Status

Trout

Bull trout Salvelinus Threatened State candidate
confluentus

Chinook Salmon Oncorhynchus See Table 2.1-3 below
tshawytscha

Chum Salmon Oncorhynchus keta See Table 2.1-3 below

Coho Salmon Oncorhynchus See Table 2.1-3 below
kisutch

Pink Salmon Oncorhynchus None None
gorbuscha

Sockeye Salmon Oncorhynchus nerka | See Table 2.1-3 below

Steelhead Oncorhynchus mykiss | See Table 2.1-3 below

Coastal Cutthroat Oncorhynchus clarki | None None

tridentatus

Pacific Eulachon Thaleichthys Threatened State candidate
pacificus

Green Sturgeon Acipenser medirostris | Threatened None

White Sturgeon Acipenser None None
transmontanus

Pacific Lamprey Entosphenus Species of concern State monitored

American Shad

Alosa sapidissima

None

None
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Table 2.1-3. Listed Salmon ESUs that may be found in the MSP Study Area. Source: Washington State Department of

Fish and Wildlife, 2017b.

Common Name ESU Federal Status State Status
Chinook Salmon Puget Sound Threatened State candidate
Upper Columbia Threatened State candidate
River
Snake River Threatened State candidate
spring/summer
Snake River fall-run | Threatened State candidate
Upper Willamette Threatened State candidate
River
Lower Columbia Threatened State candidate
River
Chum Salmon Columbia River Threatened State candidate
Hood Canal summer- | Threatened State candidate
run
Coho Salmon Lower Columbia Threatened None
River
Oregon coast Threatened N/A
Sockeye Salmon Snake River Endangered State candidate
Lake Ozette Threatened State candidate
Steelhead Puget Sound Threatened None
Upper Columbia Threatened State candidate
River
Snake River Basin Threatened State candidate
Middle Columbia Threatened State candidate
River
Upper Willamette Threatened State candidate
River
Lower Columbia Threatened State candidate
River

Marine mammals

At least 29 species of marine mammals inhabit or transit through the MSP Study Area at
some point in their lives. Species include baleen and toothed whales, seals and sea lions, and sea
otters. Many marine mammals are top predators within the ecosystem, while some large baleen
whales are primarily filter or bottom feeders (e.g. humpback and gray whales). Their diets vary
and include krill, invertebrates, forage fish, salmon, other fish, and even other marine mammals.
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About 20,000 gray whales migrate through the Study Area, with the abundance of gray whales at
any time influenced by environmental variability within the Arctic feeding grounds and the
timing of migration (Olympic Coast National Marine Sanctuary, 2011).

In southern Washington, a visual survey of marine mammals was conducted over eight
trips between July 2008 and June 2009 in the area between Grays Harbor, the Quinault Canyon,
and Grays Canyon. This survey found the harbor porpoise to be the most commonly sighted
marine mammal in nearshore waters, and the Dall’s porpoise the most commonly sighted marine
mammal in offshore waters (Oleson & Hildebrand, 2012). A visual survey in June 2008 within
the OCNMS found that humpback whales were the most commonly sighted cetacean (Oleson &
Hildebrand, 2012).

Orcas

Orcas (aka killer whales) are also found in the MSP Study Area.*® Orcas are divided into
four populations based on ecology, genetics, diet, behavior, and social interactions. Three
populations are described as “resident” orcas: northern, southern, and offshore. Resident orcas
are fish-eating, with northern and southern populations mainly feeding on salmonids and
occasionally bottomfish. Transient orcas in Washington waters are mammal-eating, preying
mainly upon harbor seals. All four populations of orcas occur within the MSP Study Area,
although their distribution, abundance, and temporal use of the area varies by population.

The distribution of the populations is best known for the summer months, when the most
monitoring has occurred. During this time, the northern resident population has a core range in
inshore British Columbia. The southern resident population is centered in the inshore waters near
the border of Washington and British Columbia, and the offshore population is generally found
on the continental shelf from southern California to the Aleutian Islands (Lance, Calambokidis,
Baird, & Steiger, 2011). The NOAA Northwest Fisheries Science Center, Cascadia Research
Collective, and the U.S. Navy use satellite tags on the resident orcas to learn more about their
winter migrations and the extent of their range. Satellite tagging data from 2015 shows that the
resident orcas spend time feeding outside the Willapa Bay and Grays Harbor estuaries and at the
mouth of the Columbia River (NOAA Fisheries, n.d.-b).

Population sizes are well established for northern and southern resident orcas, with less
precision around population estimates of offshore resident and transient orcas. Southern resident
orcas are listed as endangered under the ESA, and all killer whales are listed as endangered in the
state of Washington (Table 2.1-4) (Lance et al., 2011).

Seals and sea lions

Harbor seals, elephant seals, California sea lions, and Steller sea lions aggregate and haul
out on the rocky islands, coastal areas, and estuaries the MSP Study Area (Map 10) (S. J.
Jeffries, Gearin, Huber, Saul, & Pruett, 2000; Lance et al., 2011). Harbor seals and California sea
lions use the coastal estuaries frequently. Northern fur seals also transit through and forage
within the MSP Study Area (Lance et al., 2011). NOAA’s National Centers for Coastal Ocean
Science (NCCOS) developed relative density models for the to inform the likely distributions of
these animals in the MSP Study Area (excluding their use of the estuaries). Please see Chapter 3
for a more detailed description of the modeling process and results.

18 Orcas are found in all oceans and seas of the world, with their density being greatest in colder waters within 800
km of major continents. Off the west coast of North America they are found in relatively high density in nearshore
waters from Alaska to central California (Lance, Calambokidis, Baird, & Steiger, 2011).
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Table 2.1-4. Marine mammals within the MSP Study Area on the federal or state Species of Concern lists.
Source: Washington State Department of Fish and Wildlife, 2017c.

Common name Scientific name Federal status State status

Blue whale Balaenoptera Endangered State Endangered
musculus

Fin whale Balaenoptera Endangered State Endangered
physalus

Gray whale Eschrichtius robustus | None State Sensitive

Harbor porpoise Phocoena None State Candidate

Humpback whale Megaptera Endangered Endangered
novaeangliae

Killer whale Orcinus orca Endangered®® Endangered?

North Pacific right Eubalaena japonica | Endangered Endangered

whale

Sea otter Enhydra lutris Species of Concern Endangered

Sei whale Balaenoptera Endangered Endangered
borealis

Sperm whale Physeter Endangered Endangered
macrocephalus

Steller sea lion Eumetopias jubatus Species of Concern None

Sea otters

A population of sea otters also occurs in the Study Area. They typically inhabit rocky
habitats and kelp forests, but also are found in lower densities in soft-sediment areas along the
Olympic Peninsula coast from Destruction Island northward to Tatoosh Island (Map 10)
(Andrews et al., 2013). Extirpated by fur trade hunters in 1911, sea otters were reintroduced to
the outer coast in 1969 and 1970 (Lance et al., 2011). The sea otter population has continued to
grow since reintroduction, with an annual growth rate of 7.6% between 1991 and 2012
(Washington State Department of Fish and Wildlife, 2013). The population in 2015 consisted of
approximately 1,394 animals (S. Jeffries, Lynch, & Thomas, 2016). Sea otters are listed as
endangered by the State of Washington (Washington State Department of Fish and Wildlife,
2017c¢).

Sea otters are a keystone species that help maintain kelp forest habitat structure by
predating on sea urchins (Andrews et al., 2013; Olympic Coast National Marine Sanctuary,
2011). Other sea otter prey includes abalone, mussels, crabs, snails, and chitons (Andrews et al.,
2013).

Marine mammals with special protection

Ten marine mammal species listed under the federal ESA or Washington Species of
Concern list occur within the MSP Study Area (Table 2.1-4). Stressors for marine mammals
include collisions with boats and other boat interactions (e.g. noise), entanglement in fishing gear

19 This listing is for the Southern Resident Orca population, the other three populations (northern, offshore, and
transient) are not listed under the ESA.
20 The State of Washington lists all Killer Whales in the state as Endangered.
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and marine debris, contaminants, oil spills, alterations in habitat and prey, HABs, and
oceanographic conditions (Andrews et al., 2013; Olympic Coast National Marine Sanctuary,
2011). All marine mammals, whether listed under the ESA or as a state Species of Concern, are
currently protected by the Marine Mammal Protection Act (16.U.S.C. §§1631 et seq).?

Marine mammal mapping

The National Centers for Coastal Ocean Science (NCCOS) developed relative density
models for four species of cetaceans and two species of pinnipeds to inform the likely
distributions of these animals for the MSP. Species were chosen by Ecology and WDFW
because they are species of management concern or are representative of specific ecological
roles in the environment (C. Menza et al., 2016). The maps were created by using models that
link at-sea mammal observations with environmental data. Cetacean maps were produced for
Dall's porpoise (Phocoenoides dalli), harbor porpoise (Phocoena phocoena), gray whale
(Eschrichtius robustus), humpback whale (Megaptera novaeangliae). These maps do not include
cetacean use of the estuaries. Cetaceans, especially gray whales and harbor porpoises, are known
to use the estuaries. NCCOS also produced models and maps for harbor seal (Phoca vitulina) and
Steller sea lion (Eumetopias jubatus). More details on the NCCOS modeling effort and available
maps are in Chapter 3: Spatial Analyses.

The interagency team worked to identify ecologically important areas (EIASs). EIAs are
defined as areas where available data shows that animals, especially those of interest in fisheries
and wildlife management, use the MSP Study Area the most. More information about the EIA
analysis process and additional maps are available in Chapter 3: Spatial Analyses. WDFW
produced an EIA hotspot map for all marine mammals included in the analysis (Map 8) and one
specifically for humpback whales (Map 9).

Birds

Numerous bird species use and transit through the MSP Study Area. Many species of
birds, including seabirds, raptors, marshbirds, waterbirds, and shorebirds, forage and nest in sea
stacks, rocky offshore islands, cliffs, bluffs, dunes, marshlands, estuaries, tidal flats, coastal
beaches, and old-growth forests. Seabird and shorebird populations occur throughout the outer
coast of Washington, with the majority located along the west coast of the Olympic Peninsula
(Map 11).

Washington is also along the Pacific Flyway, a migratory pathway for millions of
waterbirds, shorebirds, and raptors. Some seabird species migrate thousands of miles to forage in
the offshore waters of the MSP Study Area, such as albatross and shearwaters (Kaplan, Beegle-
Krause, French McCay, Copping, & Geerlofs, 2010; Olympic Coast National Marine Sanctuary,
2011). Estuaries are also crucial habitat for several resident and migratory bird species. Five
national wildlife refuges have been established in or directly adjacent to the MSP Study Area
(Map 1) to protect land-based resources where large concentrations of birds occur and where
seabirds nest.

The interagency team developed EIA maps for some bird species. Additional information
and maps can be found in Chapter 3: Spatial Analyses.

2L There are some exceptions to the Marine Mammal Protection Act, including small takes of incidental harvest such
as harvest by Alaskan natives.
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Marshbirds

The term marshbird broadly encompasses birds that feed, nest, or otherwise utilize tidal
or freshwater marshes, including herons, egrets, rails, and passerines. They do not swim, but
rather forage on sandy beaches, in marshes, and in other coastal areas. Examples of marshbirds
in Washington include the Great Blue Heron (Ardea Herodias), Marsh Wren (Cistothorus
palustris), Great Egret (Ardea alba), and American Bittern (Botaurus lentiginosus). Marshbirds
are associated with estuaries such as Grays Harbor and Willapa Bay. Marshbirds are sensitive to
human disturbance, and nesting sites can be abandoned due to land development, wetland loss,
logging, and human intrusions (Kaplan et al., 2010; United States Department of the Navy,
2015).

Ducks and geese

Ducks and geese (family Anatidae) are generally present along protected shores, bays,
and estuaries. Large numbers of these birds occur during the winter, and migrate north or east to
summer breeding grounds. Most species of ducks and geese feed by diving, dabbling, or foraging
from the surface and have diverse diets ranging from mollusks and fish eggs to vegetation.
Species include the Black Brant (Branta bernicla), Greater Scaup (Aythya marila), Green-
winged teal (Anas crecca), tundra swan (Cygnus columbianus), bufflenead (Bucephala albeola),
Canada Goose (Branta canadensis), and others. Willapa Bay is an important stopover for
wintering Black Brant. The Columbia River estuary provides habitat for swans and wintering
ducks. Harlequin Ducks (Histrionicus histrionicus) winter along the Pacific Coast and forage for
crustaceans, mollusks, and aquatic insects within rocky substrate and kelp beds (Kaplan et al.,
2010; United States Department of the Navy, 2015).

Shorebirds

Shorebirds include species such as sandpipers, plovers, oystercatchers, avocets, and stilts.
Shorebirds can migrate long distances (up to thousands of miles) between wintering and
breeding grounds. Coastal estuaries and wetlands are used during migratory stopovers to rest,
feed, and replenish the fat reserves needed for the continuing migration, primarily to the high
Arctic where they nest. Shorebirds can congregate in high concentrations, sometime numbering
in the millions. Shorebirds mainly feed on invertebrates present in shallow waters and associated
wetlands, beaches, mudflats, and other tidelands. Grays Harbor and Willapa Bay represent
important stopover sites for many species, such as dunlin (Calidris alpina).

There are also a few species that breed locally. The Western Snowy Plover (Charadrius
alexandrines nivosus) breeds on sandy beaches adjacent to the MSP Study Area in Grays Harbor
and Pacific Counties. Black Oystercatchers (Haematopus bachmani) also breed in areas adjacent
to and within the MSP Study Area, along the rocky coast and on offshore rocks and islands.
Coastal development and human activities have degraded shorebird stopover and colony habitat
(Kaplan et al., 2010; Olympic Coast National Marine Sanctuary, 2011; United States Department
of the Navy, 2015).

Seabirds

Seabirds include species of albatrosses, petrels, shearwaters, and alcids. Seabirds found
within the MSP Study Area include murres, puffins, albatrosses, fulmars, shearwaters, gulls,
murrelets, cormorants, terns, and others. Seabird use of the area varies seasonally and is
influenced by physical and biological processes. Some species travel vast distances across the
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globe to forage in the waters of the MSP Study Area during summer, such as the Sooty
Shearwater (Puffinus griseus), which breeds in New Zealand. Several species of seabirds breed
on coastal islands within the Study Area, such as Tatoosh and Destruction Islands.

Some seabirds forage far offshore over the continental shelf and oceanic waters, while
others such as the Common Murre and Marbled Murrelet forage in fairly nearshore
environments. Diets vary by species, but mainly consist of fish and invertebrates, including
zooplankton, crabs, and crustaceans. Seabird abundance and reproductive success is influenced
by short-term and long-term oceanographic conditions, oil spills, disturbance of breeding
colonies, fisheries bycatch, and predators such as raptors (Kaplan et al., 2010; Olympic Coast
National Marine Sanctuary, 2011; United States Department of the Navy, 2015).

Unlike most seabirds that nest on offshore islands and rocks, Marbled Murrelets nest in
old-growth forests, up to 55 miles inland in Washington. Marbled Murrelets are listed as
threatened on the federal and state species lists and are subject to many pressures. Reduction of
appropriate nesting habitat and poor at-sea foraging conditions are some of the primary pressures
experienced by these birds. Marbled Murrelets are monitored annually in Washington (U.S. Fish
and Wildlife Service, 1997; Washington State Department of Fish and Wildlife, 2013).

Seabirds are often considered indicators for ocean conditions because they forage across
multiple habitats and trophic levels. Because of their behavior and life history characteristics,
seabirds can be difficult to monitor. Some species are monitored as indicators for other seabird
populations. The National Centers for Coastal Ocean Science (NCCOS) developed models to
predict relative density to inform the MSP, using environmental variables and survey data.
Species were chosen to represent different habitat uses ranging from nearshore species like the
Marbled Murrelet to pelagic species like the Northern Fulmar and Black-footed Albatross.
Species that are locally rare or declining were also included (e.g., pink-footed shearwater and
tufted puffin). These maps do not include seabird use of the estuaries because surveys largely did
not occur in the estuaries. Maps were produced for Marbled Murrelet (Brachyramphus
marmoratus), Tufted Puffin (Fratercula cirrhata), Common Murre (Uria aalge), Black-footed
Albatross (Phoebastria nigripes), Northern Fulmar (Fulmarus glacialis), Pink-footed Shearwater
(Puffinus creatopus), and Sooty Shearwater (Puffinus griseus) (Charles Menza, Battista, &
Dorfman, 2013). See Chapter 3: Spatial Analyses for more information and maps.

Map 12 shows the results of the Ecologically Important Areas hotspot analysis for
seabirds.

Raptors

A few species of raptors forage in areas within and adjacent to the MSP Study Area,
including Bald Eagles (Haliaeetus leucocephalus) and Peregrine Falcons (Falco peregrinus).
Bald Eagles and Peregrine Falcons nest along the outer coast. The eagles prey upon seabirds,
waterfowl, and salmon, and the falcons prey upon shorebirds, seabirds, ducks, and other birds
(Washington State Department of Fish and Wildlife, 2013). These birds also prey upon Common
Murres and other surface nesting birds during the breeding season (Olympic Coast National
Marine Sanctuary, 2011).

Birds with special protection

Several species of birds occurring adjacent to and within the Study Area have federal or
state special protection (Table 2.1-5). Seabirds, raptors, shorebirds, waterbirds, marshbirds, and
terrestrial birds are included in this list. A terrestrial bird, the Streaked Horned Lark, nests and
forages on sandy beaches along the southern outer coast, in Grays Harbor at Damon Point and
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Johns River Island, and on the islands of the lower Columbia River (See Chapter 3: Spatial
Analyses for the EIA map) (Washington State Department of Fish and Wildlife, 2013). Common
reasons for bird population declines include oceanographic factors that affect their prey (e.g. El
Nifo), habitat degradation, pollution and oil spills, and predation (Kaplan et al., 2010; Olympic
Coast National Marine Sanctuary, 2011). Birds are also susceptible to illness and death from
consuming prey affected by HABs (NOAA, 2015).

National wildlife refuges, the Olympic Coast National Marine Sanctuary, WDFW, and
DNR implement management measures to help protect and recover populations of listed species
in Washington. Bald Eagles are also protected under the Bald and Golden Eagle Protection Act
(16 U.S.C. 668) which prohibits anyone from “taking” Bald Eagles including their parts, nests,
or eggs, or disturbing the birds.

Table 2.1-5. Birds on the federal or state species of concern lists occurring within or directly adjacent to the MSP Study

Area. Source: Washington State Department of Fish and Wildlife, 2017b.

Common Name

Scientific Name

Federal Status

State Status

Bald Eagle

Haliaeetus
leucocephalus

Species of Concern

State Sensitive

Brandt’s Cormorant | Phalacrocorax None State Candidate
penicillatus

Brown Pelican Pelecanus Species of Concern State Endangered
occidentalis

Cassin’s Auklet Ptychoramphus None State Candidate
aleuticus

Clark’s Grebe Aechmophorus clarkii | None State Candidate

Common Loon Gavia immer None State Sensitive

Common Murre Uria aalge None State Candidate

Marbled Murrelet Brachyramphus Threatened State Threatened
marmoratus

Peregrine falcon

Falco peregrinus

Species of Concern

State Sensitive

Purple Martin

Progne subis

None

State Candidate

Sandhill Crane Grus canadensis None State Endangered

Short-tailed Albatross | Phoebastria albatros | Endangered State Candidate

Snowy Plover Charadrius nivosus Threatened State Endangered

Streaked horned Lark | Eremophila alpestris | Threatened State Endangered
strigata

Tufted Puffin Fratercula cirrhata None State Endangered

Western Grebe Aechmophorus None State Candidate
occidentalis

Sea Turtles

Three species of sea turtles occur within the MSP Study Area: leatherback, loggerhead,
and green sea turtles. All three of these turtles are listed under the federal Endangered Species
Act and on the Washington State Species of Concern list (Table 2.1-6). These sea turtles feed in
and migrate through the waters of the Study Area. However, no nesting sites occur within
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Washington State, as the turtles nest in tropical regions. The leatherback sea turtle is the only sea
turtle regularly found in Washington waters. Leatherbacks feed primarily on jellyfish, which are
found in the upper part of the water column. Leatherbacks are found in the waters of the MSP
Study Area during the summer and fall, especially in the Columbia River Plume and in other
areas where the oceanographic conditions tend to aggregate jellyfish (Washington State
Department of Fish and Wildlife, 2013).

Designated critical habitat for leatherback sea turtles occurs throughout the MSP Study
Area. A primary stressor for turtles within the Study Area is pollution, particularly plastic bags
which leatherbacks mistake for jellyfish and ingest. Entanglement in fishing gear can also be a
stressor, but the drift gillnet and pelagic longline fishing gears that primarily affect leatherbacks
are no longer permitted in the Study Area. Therefore, the risk of entanglement is now quite low
(Washington State Department of Fish and Wildlife, 2013). NOAA’s Critical Habitat
Designation identifies an area of nearshore waters from Cape Flattery, Washington to Cape
Blanco, Oregon that includes important habitat for foraging of prey that is important to
leatherbacks.

In this habitat of high conservation value, tidal, wind, wave energy, and liquid natural gas
projects were identified as having the potential to affect prey abundance and prey contamination
levels (NMFS Southwest Fisheries Science Center, 2012). Sightings of loggerhead and green sea
turtles are rarely recorded off the Washington coast. Only four strandings of green sea turtles
were recorded between 2002 and 2012. No strandings of loggerheads were recorded in that
period (Washington State Department of Fish and Wildlife, 2013).

Table 2.1-6. Sea turtles within the MSP Study Area and their federal and state species of concern status. Source:
Washington State Department of Fish and Wildlife, 2017b.

Common Name Scientific Name Federal Status State Status

Green sea turtle Chelonia mydas Threatened State Threatened

Leatherback sea turtle | Dermochelys coriacea | Endangered State Endangered

Loggerhead sea turtle | Caretta caretta Endangered State Threatened
Stressors

The MSP Study Area is subject to many anthropogenic stressors, or stressors from human
activities. These stressors may harm wildlife, alter water quality, and degrade habitat. This
section presents summaries of some of the key anthropogenic stressors in the MSP Study Area:
invasive species, oil spills, marine debris, vessel discharges, fishing pressures including habitat
modifications related to bottom gear, shoreline development, human disturbance and trampling,
ocean noise, and vessel strikes.?? While this is not meant to be an exhaustive discussion of
various human stressors that affect ocean ecology, these topics are presented to acknowledge the
major identified impacts that Washington’s ocean environment currently faces.

22 Climate change is discussed in Section 2.11 Climate Change.
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Invasive Species

Invasive species are non-native organisms that harm or pose a risk of harming the state’s
environmental, economic, or human resources.?® Invasive species including diseases, parasites,
plants, invertebrates, and vertebrates occur along the Washington coast in a variety of habitats.
Invasive species can be intentionally or unintentionally introduced in a variety of ways, including
ballast water discharge, the use of organisms for packing material, fouling on aquaculture
shipments, the aquarium trade (with subsequent release into the environment), recreational
boating, and floating debris (e.g. biofouling on debris arriving from the 2011 Japanese tsunami)
(Andrews et al., 2015, 2013; Office of National Marine Sanctuaries, 2008).

Invasive species can have a profound impact on the habitat, trophic interactions, and
ecology of an area. This can also lead to significant social and economic burdens on industries
such as fisheries and aquaculture, and can particularly impact the recovery of species such as
salmon (Office of National Marine Sanctuaries, 2008). Statewide, there are 94 recorded marine
invasive species, 59 of which occur on Washington’s Pacific coast (Davidson, Zabin, Ashton, &
Ruiz, 2014).

The MSP Study Area has been subject to impacts from invasive species, with some of the
more well-known invasions occurring in the coastal estuaries. Examples include Atlantic
cordgrass (Spartina alterniflora and S. densiflora), Japanese eelgrass (Zostera japonica), and
European Green Crab (Carcinus maenus). The brown alga (Sargassum muticum) is an example
of an invasive species that has been found in rocky shores and mixed substrate sites on the
Pacific Ocean coast, yet little is currently known about its impacts to native species or other
algae in Washington (Skewgar & Pearson, 2011).

The prevention and control of invasive species is a complex task and depends upon how a
species is introduced or spread, as well as the effective treatments available for that species.
Resource managers consider prevention to be the best and most cost-effective way to manage
invasive species (Cusack, Harte, & Chan, 2009). Recreational vessel cleaning, ballast water
management, vessel inspections, biofouling management, and prohibitions of the release of non-
native species are some of the primary ways Washington attempts to prevent the introduction and
spread of aquatic invasive species (Washington State Department of Fish and Wildlife, 2015a).

In the case of established invasive populations, Washington may take direct action to
control and prevent further spread of species that are significant threats to native habitat and/or
natural resource industries. The management approaches used in these situations, ranging from
physical removal to application of pesticide treatments, depend on multiple factors including the
species, extent of establishment, degree of containment possible, and urgency of the threat to
Washington’s environmental, economic, or human resources. For example, management of
invasive species on Japanese tsunami marine debris was primarily accomplished using physical
removal (Washington State Department of Fish and Wildlife, 2015c). However, in Willapa Bay
and Grays Harbor, herbicides were ultimately the best management tool used to control invasive
Atlantic cordgrass (Washington State Department of Agriculture, 2015).

Multiple agencies are involved with decisions related to invasive species control. The
Washington Invasive Species Council coordinates among state agencies to support a
comprehensive strategy for making effective investments to protect Washington from invasive
species (Washington Invasive Species Council, 2014). Washington also has specific programs

23 Management of native species that become harmful is handled differently by the State, and is not discussed here.
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related to the prevention and control of invasive species.?* These programs focus on various
aspects of invasive species outreach, education, reporting, prevention, enforcement, and
treatment.

Invasive species will continue to be a stressor in the future with a significant risk of
impact to the MSP Study Area and Washington State. It is possible that potential new uses such
as marine renewable energy, offshore aquaculture, or other activities could introduce invasive
species.

It should be noted that some introduced species have become important for commercial
and recreational harvest in the MSP Study Area. Pacific Oysters and Manila Clams are both non-
native species that were introduced to the area. Pacific Oysters were introduced to the MSP
Study Area as spat from Japan beginning in 1928. They are now the focus of economically
important aquaculture operations that contribute significantly to the coastal and statewide
economy (for more information see Section 2.5 Aquaculture) (Industrial Economics Inc., 2014).

Oil Spills

Oil is routinely transported through the MSP Study Area on many types of vessels as
fuel, lubricating oil, hydraulic fluid, and as a byproduct from fish